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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Younger workers feel stressed, lonely and undervalued
        Younger workers are struggling with feelings of loneliness and a lack of appreciation at work and tend to feel more comfortable working with people their own age, according to a recent survey.

      

      
        New way to spot beetle-killed spruce can help forest, wildfire managers
        A new machine-learning system can automatically produce detailed maps from satellite data to show locations of likely beetle-killed spruce trees in Alaska, even in forests of low and moderate infestation where identification is otherwise difficult. The automated process can help forestry and wildfire managers in their decisions. That's critical as the beetle infestation spreads.

      

      
        Pacific coast gray whales have gotten 13% shorter in the past 20-30 years, Oregon State study finds
        Gray whales that spend their summers feeding in the shallow waters off the Pacific Northwest coast have undergone a significant decline in body length since around the year 2000, a new study found.

      

      
        Western agricultural communities need water conservation strategies to adapt to future shortages
        The Western U.S. is heavily reliant on mountain snowpacks and their gradual melt for water storage and supply, and climate change is expected to upend the reliability of this natural process. Many agricultural communities in this part of the country are examining ways to adapt to a future with less water, and new research shows that a focus on supplementing water supply by expanding reservoir capacity won't be enough to avert future water crises.

      

      
        Does having a child with low birth weight increase a person's risk of dementia?
        People who give birth to infants less than 5.5 pounds may be more likely to have memory and thinking problems later in life than people who give birth to infants who do not have a low birth weight, according to a new study. The effect on memory and thinking skills was equivalent to one to two years of aging for those with low-birth-weight deliveries.

      

      
        Depressive symptoms in young adults linked to thinking, memory problems in midlife
        People who experience prolonged depressive symptoms starting in young adulthood may have worse thinking and memory skills in middle age, according to a new study. The study also found that depressive symptoms were experienced more often by Black adults than white adults.

      

      
        Exposure to heat and cold in early life may affect development of white matter in the brain
        Brain scans of more than 2,000 preadolescents suggests that early life exposure to heat and cold may have lasting effects on the microstructure of white matter in the brain, especially when living in poorer neighborhoods. The study highlights the vulnerability of fetuses and children to extreme temperatures.

      

      
        NASA's Roman mission gets cosmic 'sneak peek' from supercomputers
        Researchers used supercomputers to create nearly 4 million simulated images depicting the cosmos.

      

      
        Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
        Engineers have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.

      

      
        Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley'
        Louisiana's southeastern corridor is sometimes known colloquially as 'Cancer Alley' for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.

      

      
        What the geologic record reveals about how oceans were oxygenated 2.3 billion years ago
        Geochemists used thallium isotopes to track the rise and fall of free oxygen on Earth between 2.5 and 2.2 billion years ago, the process that enabled life as we know it.

      

      
        Putting the brakes on chronic inflammation
        Scientists have discovered a previously unknown link between two key pathways that regulate the immune system in mammals -- a finding that impacts our understanding of chronic inflammatory bowel diseases (IBD). This family of disorders severely impacts the health and quality of life of more than 2 million people in the United States.

      

      
        Laser tests reveal new insights into key mineral for super-Earths
        Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.

      

      
        To heal skin, scientists invent living bioelectronics
        Engineers have created a patch that combines sensors and bacteria to interact with the body.

      

      
        Researchers leverage inkjet printing to make a portable multispectral 3D camera
        Researchers have used inkjet printing to create a compact multispectral version of a light field camera. The camera, which fits in the palm of the hand, could be useful for many applications including autonomous driving, classification of recycled materials and remote sensing.

      

      
        Scientists adapt astronomy method to unblur microscopy images
        Researchers have adapted a class of techniques employed in astronomy to unblur images of far-away galaxies for use in the life sciences, providing biologists with a faster and cheaper way to get clearer and sharper microscopy images.

      

      
        Metal alloys that can take the heat
        Complex metal alloys enter a new era of predictive design for aerospace and other high-temperature applications.

      

      
        Robot radiotherapy could improve treatments for eye disease
        Researchers have successfully used a new robot system to improve treatment for debilitating eye disease.

      

      
        Quantum dots and metasurfaces: Deep connections in the nano world
        A team has developed printable, highly efficient light-emitting metasurfaces.

      

      
        A mountainous mystery uncovered in Australia's pink sands
        Deposits of deep-pink sand washing up on South Australian shores shed new light on when the Australian tectonic plate began to subduct beneath the Pacific plate, as well as the presence of previously unknown ancient Antarctic mountains.

      

      
        Towards a new era in flexible piezoelectric sensors for both humans and robots
        Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in m...

      

      
        AI better detects prostate cancer on MRI than radiologists
        AI detects prostate cancer more often than radiologists. Additionally, AI triggers false alarms half as often. This was a large-scale study where an international team transparently evaluated and compared AI with radiologist assessments and clinical outcomes.

      

      
        Breakthrough in next-generation memory technology!
        Scientists maximize the efficiency of hafnia-based ferroelectric memory devices.

      

      
        Age is just a number: Immune cell 'epigenetic clock' ticks independently of organism lifespan
        Researchers use epigenetic clock, DNA methylation and mouse model to demonstrate that T cell proliferation can stretch past organism lifespan and acuta lymphoblastic leukemia T cells appear hundreds of years old.

      

      
        Site new care homes near trees and away from busy roads to protect residents' lungs
        To shield older residents from dangerous air pollution, new care homes should be built as far from heavy traffic as possible, according to a new study.

      

      
        Cocaine trafficking threatens critical bird habitats
        In addition to its human consequences, cocaine trafficking harms the environment and threatens habitats important to dozens of species of migratory birds, according to a new study.

      

      
        Humans are the elephant in the room where conservation is debated
        Studies working to map conservation historically have left humans out of the equation. This study proposes ways to build in the outsized footprint created by people in wild places.

      

      
        No bones about it: 100-million-year-old bones reveal new species of pterosaur
        New research has identified 100-million-year-old fossilized bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.

      

      
        Uncovering the nature of emergent magnetic monopoles
        To understand the unique physical phenomena associated with the properties of magnetic hedgehogs and antihedgehogs, which behave as virtual magnetic monopoles and antimonopoles respectively, it is essential to study their intrinsic excitations. In a new study, researchers revealed the dynamical nature of collective excitation modes in hedgehog lattices in itinerant chiral magnets. Their findings serve as the foundation for studying the dynamics of emergent magnetic monopoles in magnets.

      

      
        Are plants intelligent? It depends on the definition
        Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?

      

      
        Nasal microbiota is potential diagnostic biomarker for sepsis
        A new study shows that analyzing nasal microbiota outperforms gut microbiota analysis to predict sepsis in the ICU.

      

      
        Boosting CAR-T cell therapies from under the skin
        CAR-T cell therapies are transforming the treatment of previously incurable blood cancers, but a large proportion of patients still responds only poorly or not at all to them, calling for new strategies to overcome this challenge. Now, a research team has developed a simple intervention in the form of a biodegradable scaffold material called 'T-cell enhancing scaffolds' (TES) that can be locally injected under the skin and used to restimulate CAR-T cells after their administration. This increased...

      

      
        An AI-powered wearable system tracks the 3D movement of smart pills in the gut
        Scientists have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings.

      

      
        Study shows role of fathers in seeding the microbiota of newborns and confirms benefits of maternal fecal microbiota transplants
        A mother's contribution to the makeup of a newborn baby's microbiota has been well documented. Now a new article shows the important contributions that fathers make to the composition of microorganisms colonizing a baby's gut as well. Furthermore, the study confirmed that maternal fecal microbiota transfer (FMT) in babies born by caesarean section can help to correct the microbiota disturbances often observed in babies who are not born vaginally.

      

      
        AI-powered simulation training improves human performance in robotic exoskeletons
        Researchers have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.

      

      
        New technique reveals earliest signs of genetic mutations
        Mutations are changes in the molecular 'letters' that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.

      

      
        Origin and spread of malaria
        Researchers have reconstructed the evolutionary history and global spread of malaria over the past 5,500 years, identifying trade, warfare, and colonialism as major catalysts for its dispersal.

      

      
        Ritual sacrifice at Chichen Itza
        Rising to power in the wake of the Classic Maya collapse, Chichen Itz was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh.

      

      
        Just thinking about a location activates mental maps in the brain
        Researchers found that mental representations known as cognitive maps, located in the hippocampus and entorhinal cortex, are activated when the brain performs mental simulations of a navigational route.

      

      
        Obesity-cancer connection discovery suggests strategies for improving immunotherapy
        Immune system cells called macrophages play an unexpected role in the complicated connection between obesity and cancer. The findings provide a mechanistic explanation for how obesity can contribute to both increased cancer risk and enhanced responses to immunotherapy.

      

      
        Smartwatches offer window into Parkinson's disease progression
        New research adds to growing evidence that widely used and user-friendly consumer devices, in this instance an Apple Watch paired with an iPhone, can detect changes in Parkinson's symptoms over time in individuals in the early stages of the disease.

      

      
        Hybrid work is a 'win-win-win' for companies, workers
        In the largest study yet of working-from-home professionals, economists reveal that employees who work from home two days a week are just as productive, likely to get promoted, and far less prone to quit.

      

      
        Inherited genetic factors may predict the pattern of X chromosome loss in older women
        Researchers have identified inherited genetic variants that may predict the loss of one copy of a woman's two X chromosomes as she ages, a phenomenon known as mosaic loss of chromosome X, or mLOX. These genetic variants may play a role in promoting abnormal blood cells (that have only a single copy of chromosome X) to multiply, which may lead to several health conditions, including cancer.

      

      
        Study on fruit flies could benefit eggs of older women
        A new study conducted on fruit flies reports the first evidence that oocytes -- the cells that become eggs -- regularly rejuvenate the critical protein linkages that bind chromosomes together. The findings are a potentially important step toward helping women reduce their risk of pregnancy complications as they age.

      

      
        Painful truth about knee osteoarthritis: Why inactivity may be more complex than we think
        Knee osteoarthritis (OA) is a common cause of pain and joint stiffness. And while physical activity is known to ease symptoms, only one in 10 people regularly exercise.

      

      
        Significant increase in nitrous-oxide emissions from human activities, jeopardizing climate goals
        Emissions of nitrous-oxide (N2O) -- a potent greenhouse gas -- have continued to rise unabated over the past four decades, according to an international team of scientists.

      

      
        Preparing for a world where Alzheimer's disease is treatable
        Drugs with the potential to change the course of Alzheimer's disease are expected to be approved by mid-year in the UK. Healthcare services may need to change to ensure that all patients have equitable access to these new modifying anti-amyloid therapies, according to new research.

      

      
        Millions of insects migrate through 30-meter Pyrenees pass
        Over 17 million insects migrate each year through a single mountain pass on the border between France and Spain, new research shows.

      

      
        Wind from black holes may influence development of surrounding galaxies
        Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.

      

      
        How do supermassive black holes get super massive?
        By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies.
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Younger workers feel stressed, lonely and undervalued | ScienceDaily
Younger workers are struggling with feelings of loneliness and a lack of appreciation at work and tend to feel more comfortable working with people their own age, according to a survey by the American Psychological Association.


						
The 2024 Work in America survey, conducted online by The Harris Poll of more than 2,000 working U.S. adults, found that three in 10 U.S. workers reported that people in their organization who are not close to their age do not see the value in their ideas (32%). That number was significantly higher for workers aged 18-25 (48%) than for workers aged 65 and older (16%). Workers aged 18-25 and 26-43 were also significantly more likely than workers aged 44-57, 58-64 and 65+ to say that they feel more comfortable working with people their own age than with other age groups (62% and 57% vs. 42%, 38% and 27%).

While most working adults reported that they appreciate the opportunity to work with people of different ages (92%) and say that having colleagues from a range of age groups is an advantage for their workplace (87%), a quarter said that they are worried about job security because of their age. And nearly three in 10 U.S. workers (29%) said that they feel self-conscious about their age at work, including 43% of workers aged 18-25.

There are signs that younger workers may have difficulty connecting with their coworkers on a personal level as well; nearly half (45%) of workers aged 18-25 said they feel lonely when they are working, significantly more than workers aged 26-43 (33%), 44-57 (22%), 58-64 (15%) and 65+ (14%). They are also more likely than older workers to say they typically feel tense or stressed out during their workday (48% aged 18-25, 51% aged 26-43, and 42% aged 44-57 vs. 30% aged 58-64 and 17% aged 65+).

"With more workers retiring later in life, the demographics of the workplace are changing and younger workers seem to be having the hardest time adjusting. At the same time, with increased remote work and the use of new technologies like AI, younger and older workers alike are facing a paradigm shift around where and how we work," said Arthur C. Evans Jr., PhD, APA's chief executive officer. "To remain competitive, employers should invest in strategies that support their workers' well-being and mental health to help them navigate these new norms and evolving professional landscape."

Overall, a third of U.S. workers said they do not have enough control over when, where and how they do their work. One in three workers (33%) also said they are not working in their preferred location, be it remote, in person or a hybrid of the two. According to the survey, 59% of U.S. workers reported currently working all in person, 24% reported being hybrid and 17% reported working completely remotely. However, only 38% of workers reported they would prefer to work all in person, compared with 34% who reported preferring to work hybrid and 28% who reported preferring to work remotely.

Other key findings:
    	The percentage of workers who reported that their employer offers four-day workweeks was significantly higher in 2024 than the previous two years (14% in 2022, 17% in 2023 and 22% in 2024). And two-thirds (67%) said they believe the four-day workweek will become standard in their lifetime.
    	Employees' use of AI is outpacing employer guidance, with more than one-third of workers (35%) who reported using AI monthly or more often to assist with their work. However, only 18% reported knowing that their employer has an official policy about acceptable uses of AI. Half of workers said their employer has no such policy, and close to one-third (32%) were unsure.
    	A majority (67%) of workers reported experiencing at least one outcome often associated with workplace burnout in the last month, such as lack of interest, motivation, or low energy, feeling lonely or isolated and a lack of effort at work.

What also stood out was that workers who feel comfortable expressing themselves or raising difficult issues without fear of negative consequences -- what psychologists call "psychological safety" -- tend to report better experiences at work. Workers who experience higher levels of psychological safety are more likely than workers experiencing lower levels of psychological safety to say they feel like they belong (95% vs. 69%) and that they feel comfortable being themselves in the workplace (95% vs. 75%). They were also 10 times less likely to say their workplace is very or somewhat toxic than workers who experience lower levels of psychological safety (3% vs. 30%).




The poll found that people with disabilities reported experiencing a lack of psychological safety at work at an alarming rate, which could be linked to the negative impacts of ableism or unequal access to opportunities due to bias. Two-thirds of workers with a cognitive, emotional, learning or mental disability and a similar number of workers with a physical disability (63%) reported experiencing lower levels of psychological safety, compared with 45% of workers who did not report having a disability.

Workers with disabilities were more likely to report concerns about their workplaces. Less than half (48%) of individuals living with a cognitive, emotional, learning or mental disability described their company's culture as one that respects time off, compared with 63% of those not living with a disability. And 57% of workers with physical disabilities reported concern that AI may make some or all of their job duties obsolete in the near future, compared with 37% of workers who did not report having a disability.

"Our survey findings underscore the need for employers to create psychologically safe work environments for their employees," Evans said. "We know from research that psychological safety not only enhances individual employee well-being but strengthens the organization by fostering a culture of creativity, innovation and effective teamwork, which ultimately helps to improve the bottom line."

Methodology

The research was conducted online in the United States by The Harris Poll on behalf of the American Psychological Association among 2,027 employed adults. The survey was conducted March 25-April 3, 2024. Data are weighted where necessary by age by gender, race/ethnicity, region, education, marital status, household size, work status, household income, and smoking status to bring them in line with their actual proportions in the population. A full methodology is available.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240613001402.htm
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New way to spot beetle-killed spruce can help forest, wildfire managers | ScienceDaily
A new machine-learning system developed at the University of Alaska Fairbanks can automatically produce detailed maps from satellite data to show locations of likely beetle-killed spruce trees in Alaska, even in forests of low and moderate infestation where identification is otherwise difficult.


						
The automated process can help forestry and wildfire managers in their decisions. That's critical as the beetle infestation spreads.

The Alaska Division of Forestry and Fire Protection calls the spruce beetle "the most damaging insect in Alaska's forests."

The identification system by assistant professor Simon Zwieback at the UAF Geophysical Institute was detailed in the ISPRS Journal of Photogrammetry and Remote Sensing on May 18. Zwieback is also affiliated with the UAF College of Natural Science and Mathematics.

The work fills a knowledge gap: how to automatically map likely spruce beetle infestations in areas of low to moderate severity.

"We lack comprehensive statewide maps of beetle-killed trees because existing products largely rely on expert observations from airplanes, which are expensive and restricted in space and time," Zwieback said. "This limits stakeholders' ability to respond to the ongoing outbreak."

Alaska foresters now use survey flights, time-consuming manual interpretation of high-resolution imagery and automated analysis of coarser satellite imagery to find dead spruce in mixed forests. Coarser imagery can be used to identify entire stands of dead trees but not individual dead trees.




None of those identification methods, including Zwieback's, can determine the cause of an individual tree's death. The likelihood of beetle infestation is surmised because of its well-known presence and the damage already caused.

Zwieback's method combines the efficiency of automation with the detail of high-resolution satellite images.

"Using machine learning and high-resolution imagery is the way to go in mixed forests," Zwieback said.

Machine learning is a type of artificial intelligence that focuses on developing algorithms and statistical models that enable computers to learn from and make predictions or decisions based on data.

Zwieback's machine-learning algorithm is trained using known locations of dead spruce trees. During training, the algorithm learns to recognize dead spruce based on their characteristic shape and color, and contextual clues such as shadows. Once satisfactorily trained, it can rapidly and automatically identify dead spruce trees.

Zwieback tested the method on images of an approximately 167-acre study area west of a line from Talkeetna to Byers Lake. Forested regions of the study area consist of mixed stands of spruce and birch.




The region has been heavily affected by a beetle infestation that began in the mid-2010s.

Zwieback's method succeeded in identifying dead spruce in stands containing only a few dead trees.

Statewide, the infestation has affected approximately 2 million acres, mostly in Southcentral Alaska, since 2016. It had spread north to Cantwell and the Alaska Range mountains by 2020.

The death of large numbers of spruce results in several ecosystem changes and related consequences: Understory vegetation can change to grasses and shrubs, and dead branches can litter the floor. All of that adds to wildfire danger by putting more fuel at ground level.

Zwieback's method can help in decisions about fire prevention and suppression.

Decreased value of timber resources and the aesthetic deterioration of the landscape are additional concerns.

Zwieback is continuing his research.

"I would like to implement this for the entire state whenever new images come in," he said. "Remote sensing can help us understand the outbreak dynamics and inform our response to it, especially as it migrates into the Interior."

The work was funded by NASA EPSCoR and National Science Foundation EPSCoR, the Established Program to Stimulate Competitive Research.

Zwieback said field sites have been set up on land owned by Ahtna, a Southcentral Alaska regional Native corporation, to better understand the progress and consequences of the outbreak as it moves into the Interior.
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Pacific coast gray whales have gotten 13% shorter in the past 20-30 years, Oregon State study finds | ScienceDaily
Gray whales that spend their summers feeding in the shallow waters off the Pacific Northwest coast have undergone a significant decline in body length since around the year 2000, a new Oregon State University study found.


						
The smaller size could have major consequences for the health and reproductive success of the affected whales, and also raises alarm bells about the state of the food web in which they coexist, researchers say.

"This could be an early warning sign that the abundance of this population is starting to decline, or is not healthy," said K.C. Bierlich, co-author on the study and an assistant professor at OSU's Marine Mammal Institute in Newport. "And whales are considered ecosystem sentinels, so if the whale population isn't doing well, that might say a lot about the environment itself."

The study, published in Global Change Biology, looked at the Pacific Coast Feeding Group (PCFG), a small subset of about 200 gray whales within the larger Eastern North Pacific (ENP) population of around 14,500. This subgroup stays closer to shore along the Oregon coast, feeding in shallower, warmer waters than the Arctic seas where the bulk of the gray whale population spends most of the year.

Recent studies from OSU have shown that whales in this subgroup are smaller and in overall worse body condition than their ENP counterparts. The current study reveals that they've been getting smaller in recent decades.

The Marine Mammal Institute's Geospatial Ecology of Marine Megafauna (GEMM) Lab has been studying this subgroup of gray whales since 2016, including flying drones over the whales to measure their size. Using images from 2016-2022 of 130 individual whales with known or estimated age, researchers determined that a full-grown gray whale born in 2020 is expected to reach an adult body length that is 1.65 meters (about 5 feet, 5 inches) shorter than a gray whale born prior to 2000. For PCFG gray whales that grow to be 38-41 feet long at full maturity, that accounts for a loss of more than 13% of their total length.

If the same trend were to happen in humans, that would be like the height of the average American woman shrinking from 5 feet, 4 inches to 4 feet, 8 inches tall over the course of 20 years.




"In general, size is critical for animals," said Enrico Pirotta, lead author on the study and a researcher at the University of St. Andrews in Scotland. "It affects their behavior, their physiology, their life history, and it has cascading effects for the animals and for the community they're a part of."

Whale calves that are smaller at weaning age may be unable to cope with the uncertainty that comes with being newly independent, which can affect survival rates, Pirotta said.

For adult gray whales, one of the biggest concerns is reproductive success.

"With them being smaller, there are questions of how effectively these PCFG gray whales can store and allocate energy toward growing and maintaining their health. Importantly, are they able to put enough energy toward reproduction and keep the population growing?" Bierlich said.

Scarring on PCFG whales from boat strikes and fishing gear entanglement also makes the team concerned that smaller body size with lower energy reserves may make the whales less resilient to injuries.

The study also examined the patterns of the ocean environment that likely regulate food availability for these gray whales off the Pacific coast by tracking cycles of "upwelling" and "relaxation" in the ocean. Upwelling sweeps nutrients from deeper to shallower regions, while relaxation periods then allow those nutrients to remain in shallower areas where light allows for growth of plankton and other tiny organisms, including the prey of gray whales.




"Without a balance between upwelling and relaxation, the ecosystem may not be able to produce enough prey to support the large size of these gray whales," said co-author Leigh Torres, associate professor and director of the GEMM Lab at OSU.

The data show that whale size declined concurrently with changes in the balance between upwelling and relaxation, Pirotta said.

"We haven't looked specifically at how climate change is affecting these patterns, but in general we know that climate change is affecting the oceanography of the Northeast Pacific through changes in wind patterns and water temperature," he said. "And these factors and others affect the dynamics of upwelling and relaxation in the area."

Now that they know the PCFG gray whales' body size is declining, researchers say they have a lot of new questions about downstream consequences of that decline and the factors that could be contributing to it.

"We're heading into our ninth field season studying this PCFG subgroup," Bierlich said. "This is a powerful dataset that allows us to detect changes in body condition each year, so now we're examining the environmental drivers of those changes."

The other co-authors on the paper were Lisa Hildebrand, Clara Bird and Alejandro Ajo at OSU and Leslie New at Ursinus College in Pennsylvania.
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Western agricultural communities need water conservation strategies to adapt to future shortages | ScienceDaily
The Western U.S. is heavily reliant on mountain snowpacks and their gradual melt for water storage and supply, and climate change is expected to upend the reliability of this natural process. Many agricultural communities in this part of the country are examining ways to adapt to a future with less water, and new research shows that a focus on supplementing water supply by expanding reservoir capacity won't be enough to avert future water crises.


						
Led by scientists at the Desert Research Institute (DRI), the study published June 11 in Earth's Future. By identifying agricultural communities considered at-risk from looming changes in snowfall and snowmelt patterns, the researchers found that water conservation measures like changes in crop type and extent were more stable adaptive strategies than changes to reservoir capacity. By the end of the century, many areas could have less than half the water they have historically relied on to refill their reservoirs, but changing the types and extent of their crops could help by restoring an average of about 20% of reservoir capacity.

The research team included scientists with the diversity of expertise needed to capture the complexities of water systems while balancing concerns for locally focused adaptation. Beatrice Gordon, lead author of the study and sociohydrologist and postdoctoral researcher at DRI, says the research is needed to inform water management at the local level, where most decisions are made. Gordon herself grew up on a ranch in Wyoming, where she learned firsthand the challenges that face water-insecure communities -- an experience that helped lead to her research focus on agriculture and water in the Western U.S.

"A lot of decisions about water are made at the local level, but there's this big disconnect between that reality and the macro-scale level of most research on this topic," Gordon says. "We really wanted to understand what the future could look like at the scale that most communities manage their water resources. What are the levers that folks in these communities have when it comes to a future with less snow?"

Mountain snowpacks have historically acted as nature's water towers across much of the region by storing winter precipitation and releasing it downstream during drier months. Water management systems were designed with this process in mind, but climate change is altering snowmelt patterns in ways that will make it difficult for existing systems to meet the needs of downstream water users. As the world's largest user of freshwater, irrigated agriculture is at particularly high risk from these changes.

Strategies for addressing water shortages that focus on augmenting supply include expanding reservoirs and replenishing groundwater with surplus water, but these approaches become less effective as the timing and availability of precipitation become more unpredictable. In contrast, water conservation strategies such as reducing total crop acreage, periodic crop fallowing, and shifting toward higher value crops can help manage these risks.

To find out how risk management practices could work on a community-level scale, the researchers built a comprehensive risk assessment framework based on guidance from the Intergovernmental Panel on Climate Change (IPCC). For each of 13 communities, they gathered historical data on irrigation water supply, agricultural water demand, snow storage and snowmelt patterns, and more. They then used projections for the future climate through 2100 to understand how supply and demand dynamics may change in the near future.




"We gathered all these data together and looked at the picture of risk, and then also the ways that adaptation could reduce risk," Gordon says. "Our goal was really to make this as relevant as possible for the people who are actually making decisions on the ground."

"Dr. Gordon assembled a very impressive and unprecedented dataset for this paper linking agricultural water supply and demand across the Western United States," says study co-author Gabrielle Boisrame, assistant research professor at DRI.

The Western agricultural communities the researchers selected are located in headwaters areas, making them both subject to significant changes in future climate and sentinels for the future of the West. Several of them are located in the Upper Colorado River Basin, which feeds into the main stem of the river -- a water system that supports more than 40 million people.

"A lot of these areas are providing downstream water to other communities," Gordon says. "So, if they have an increase in demand and a decrease in supply, it impacts not only that area, but also the areas that rely on that water downstream."

The study results show that there will be a stark decline in how much many of these communities will be able to refill their reservoirs in just a few decades, with some seeing declines to about half of the water they were historically able to store. A drop that significant is particularly acute in many of the smaller reservoirs that can only hold about a year's worth of water.

"It shows how important it is to dedicate effort -- now, not in 20 to 50 years -- to figuring out how we, as scientists, can provide better information about water conservation," Gordon says. "And I think that there's an opportunity to really think about how we support communities in these efforts, especially small communities in headwaters regions that might be fully dependent on agriculture."

"Our results indicate the importance of water conservation as an adaptive strategy in a warmer future with less snow," she continues. "And that's broadly true across a lot of different places in the Western U.S."
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Does having a child with low birth weight increase a person's risk of dementia? | ScienceDaily
People who give birth to infants less than 5.5 pounds may be more likely to have memory and thinking problems later in life than people who give birth to infants who do not have a low birth weight, according to a study published in the June 12, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. The effect on memory and thinking skills was equivalent to one to two years of aging for those with low-birth-weight deliveries.


						
The study does not prove that delivery of a low-birth-weight infant causes memory and thinking problems. It only shows an association.

"Previous research has shown that people who have had a low-birth-weight delivery have a higher risk of cardiovascular disease and high blood pressure," said study author Diana C. Soria-Contreras, PhD, of the Harvard T.H. Chan School of Public Health in Boston, Massachusetts. "Our study found that a history of having a child with a low birth weight may also be a marker of poorer cognition later in life."

The study involved 15,323 female participants with an average age of 62 at completion of thinking and memory tests. All the participants had at least one birth. Of the total participants, 1,224 people, or 8%, had a history of low-birth-weight delivery. Low birth weight was defined as less than 5.5 pounds for pregnancies lasting more than 20 weeks.

Participants completed a questionnaire about their pregnancy complications, birth outcomes, birth weight and other information.

They also completed a series of thinking and memory tests.

Researchers then combined average scores of the two tests of participants' memory and ability to quickly and accurately respond to a situation as well as the two tests of learning and working memory. Higher scores indicated better memory and thinking. On average, the difference in scores between those with and without a low-birth-weight delivery was -0.06 for speed and attention tests and -0.05 for learning and working memory. This is comparable to the difference associated with one to two additional years of age in this population.




The results were similar after researchers adjusted for factors that could affect both birth weight and cognitive function, such as age, smoking status and high blood pressure. The results were also similar when researchers did not include people with premature deliveries, pregnancies with twins or other multiples or those affected by pregnancy-related high blood pressure disorders.

In addition, they found that the more low-birth-weight deliveries people had, the lower their scores were.

"Future research is needed to confirm our findings and to look at whether screening women with a history of low-birth-weight deliveries for cognitive issues and taking steps to promote their brain health could help prevent or delay cognitive impairment and dementia later on," Soria-Contreras said.

A limitation of the study is that most of the participants were non-Hispanic white people, so results may not be generalizable to other populations.

The study was supported by the National Institute of Mental Health, the National Institute of Environmental Health Sciences, the National Institute on Aging and the Office of Research on Women's Health.
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Depressive symptoms in young adults linked to thinking, memory problems in midlife | ScienceDaily
People who experience prolonged depressive symptoms starting in young adulthood may have worse thinking and memory skills in middle age, according to a study published in the June 12, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. The study also found that depressive symptoms were experienced more often by Black adults than white adults.


						
"The processes that lead to dementia begin long before signs of the disease become apparent, and previous research has shown that Black adults have a higher risk of dementia than white adults," said study author Leslie Grasset, PhD, of University of Bordeaux in France. "Our study found that prolonged exposure to elevated depressive symptoms in young adulthood has a negative effect on thinking and memory in middle age, especially for Black adults."

The study involved 3,117 people with an average age of 30 at the start of the study. Of participants, 47% were Black and 53% were white.

Participants were evaluated for depressive symptoms every five years for 20 years. At each visit, they completed a questionnaire asking if they experienced changes in appetite or sleep, had problems with concentration or experienced feelings of worthlessness, sadness or loneliness. Higher scores represented more symptoms.

Researchers divided participants into four groups based on the progression of their symptoms over time: persistently low symptoms, medium decreasing, persistently medium or high increasing symptoms. There was a higher proportion of Black participants, 52%, in the persistently medium group, as well as the high increasing depressive symptoms group with 70%.

Five years later, when participants had an average age of 55, they were given three tests to examine thinking and memory skills.

For example, on a test that measures processing speed and memory, participants were given a key showing numbers and corresponding symbols. They then had to draw those symbols on a separate list of random numbers as quickly as possible. The score range was zero to 133 with lower scores representing worse cognition. Those in the low symptom group had an average score of 73, in the medium decreasing group, an average score of 71, persistently medium, a score of 66 and high increasing, an average score of 57.




After adjusting for factors such as age, physical activity and total cholesterol, among Black participants, those in the high symptom group had an average score that was 0.64 standard deviations below the average score for the low symptom group. Among white participants, those in the high symptom group had an average score that was 0.40 standard deviations below the average score for the low symptom group.

Researchers created a standardized score for each of the three cognitive tests. After adjusting for factors such as education, blood pressure and total cholesterol, researchers found among Black participants, those in the three groups with high and medium symptoms had worse verbal memory, processing speed and executive function scores when compared to those in the low group.

Researchers found among white participants, those in the high symptom group had worse verbal memory and processing speed scores when compared to those in the low symptom group.

"Our results suggest that Black adults are not only more likely to experience worse depressive symptoms trajectories, but these symptoms may lead to worse repercussions on thinking and memory as early as middle age," said Grasset. "This may help explain some of the disparities in dementia risk at older age."

Grasset said, "Having more depressive symptoms may be due to inequalities in socioeconomic resources such as housing and income, as well as access to health care and treatment. Racial inequalities should be accounted for when designing interventions to reduce a person's risk of dementia."

A limitation of the study was that symptoms were self-reported and no clinical diagnosis of depression was available. It is possible that some participants may not have accurately reported their symptoms.
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Exposure to heat and cold in early life may affect development of white matter in the brain | ScienceDaily
Brain scans of more than 2,000 preadolescents suggests that early life exposure to heat and cold may have lasting effects on the microstructure of white matter in the brain, especially when living in poorer neighbourhoods. The study, published in Nature Climate Change, highlights the vulnerability of foetuses and children to extreme temperatures. This research has been led by the Barcelona Institute for Global Health (ISGlobal), a centre supported by the "la Caixa" Foundation, and IDIBELL, in collaboration with the Erasmus University Medical Center Rotterdam (ERASMUS MC) and the Centro de Investigacion Biomedica en Red (CIBER): areas of Epidemiology Public Health (CIBERESP), and Mental Health (CIBERSAM).


						
In the current climate emergency, the impact of extreme temperatures on human health is a major concern for the scientific community and society. Children are particularly vulnerable to temperature changes, as their thermoregulation mechanisms are still immature.

"We know that the developing brain of foetuses and children is particularly susceptible to environmental exposures, and there is some preliminary evidence suggesting that exposure to cold and heat may affect mental well-being and cognitive performance in children and adolescents," says Monica Guxens, researcher at ISGlobal, Erasmus MC and CIBERESP. "However, there is a lack of studies evaluating potential changes in brain structure as a result of these exposures," she adds.

In this study, a team led by Guxens looked at the white matter structure in the brains of preadolescents to identify windows of susceptibility to cold and heat exposure in early life. The analysis included 2,681 children from the Generation R Study, a birth cohort in Rotterdam, who underwent magnetic resonance imaging (MRI) between 9 and 12 years of age. The MRI protocol assessed brain connectivity by measuring the magnitude and direction of water diffusion within the brain's white matter. In more mature brains, water flows more in one direction than in all directions, which gives lower values for a marker called mean diffusivity and higher values for another marker called fractional anisotropy. The research team used an advanced statistical approach to estimate, for each participant, exposure to monthly mean temperatures from conception until 8 years of age, and their effect on these MRI connectivity parameters (mean diffusivity and fractional anisotropy) measured at 9-12 years.

Susceptibility window between pregnancy and age three

The results show that exposure to cold during pregnancy and the first year of life, and exposure to heat from birth until 3 years of age were associated with higher mean diffusivity at preadolescence, pointing to slower white matter maturation. 'Cold' and 'heat', in this case, are defined as those temperatures that are at the lower and upper end, respectively, of the temperature distribution in the study region.

"The fibres of the white matter are responsible for connecting the different areas of the brain, enabling communication between them. As the white matter develops, this communication becomes faster and more efficient. Our study is like a photograph at a particular moment in time and what we see in that image is that participants more exposed to cold and heat show differences in a parameter -- the mean diffusivity -- which is related to a lower level of maturation of the white matter," explains Laura Granes, IDIBELL and ISGlobal researcher and first author of the study. "In previous studies, the alteration of this parameter has been associated with poorer cognitive function and certain mental health problems," she adds.




"The largest changes in connectivity parameters are observed in the first years of life," says co-author and IDIBELL, UB and CIBERSAM researcher Carles Soriano. "Our results suggest that it is during this period of rapid brain development that exposure to cold and heat can have lasting effects on the microstructure of white matter."

No association was found between temperature exposure in early life and fractional anisotropy at 9-12 years. The authors argue that a possible explanation is that these two metrics reflect different microstructural changes, and that mean diffusivity may be a more robust indicator of white matter maturation, compared to fractional anisotropy.

Poorer children more at risk

A stratified analysis by socioeconomic conditions showed that children living in poorer neighbourhoods were more vulnerable to cold and heat exposure. In these children, the windows of susceptibility to cold and heat were similar than those identified in the overall cohort, but started earlier. These differences may be related to housing conditions and energy poverty.

One important mechanism that could explain the effect of ambient temperature on neurodevelopment could be related to poorer sleep quality. Other possible mechanisms include disruption of placental functions, activation of the hormonal axis leading to higher cortisol production, or inflammatory processes.

"Our findings help to raise awareness of the vulnerability of foetuses and children to changing temperatures," says Guxens. The findings also stress the need of designing public health strategies to protect the most vulnerable communities in the face of the looming climate emergency.
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NASA's Roman mission gets cosmic 'sneak peek' from supercomputers | ScienceDaily
Researchers are diving into a synthetic universe to help us better understand the real one. Using supercomputers at the U.S. DOE's (Department of Energy's) Argonne National Laboratory in Illinois, scientists have created nearly 4 million simulated images depicting the cosmos as NASA's Nancy Grace Roman Space Telescope and the Vera C. Rubin Observatory, jointly funded by NSF (the National Science Foundation) and DOE, in Chile will see it.


						
Michael Troxel, an associate professor of physics at Duke University in Durham, North Carolina, led the simulation campaign as part of a broader project called OpenUniverse. The team is now releasing a 10-terabyte subset of this data, with the remaining 390 terabytes to follow this fall once they've been processed.

"Using Argonne's now-retired Theta machine, we accomplished in about nine days what would have taken around 300 years on your laptop," said Katrin Heitmann, a cosmologist and deputy director of Argonne's High Energy Physics division who managed the project's supercomputer time. "The results will shape Roman and Rubin's future attempts to illuminate dark matter and dark energy while offering other scientists a preview of the types of things they'll be able to explore using data from the telescopes."

A Cosmic Dress Rehearsal

For the first time, this simulation factored in the telescopes' instrument performance, making it the most accurate preview yet of the cosmos as Roman and Rubin will see it once they start observing. Rubin will begin operations in 2025, and NASA's Roman will launch by May 2027.

The simulation's precision is important because scientists will comb through the observatories' future data in search of tiny features that will help them unravel the biggest mysteries in cosmology.

Roman and Rubin will both explore dark energy -- the mysterious force thought to be accelerating the universe's expansion. Since it plays a major role in governing the cosmos, scientists are eager to learn more about it. Simulations like OpenUniverse help them understand signatures that each instrument imprints on the images and iron out data processing methods now so they can decipher future data correctly. Then scientists will be able to make big discoveries even from weak signals.




"OpenUniverse lets us calibrate our expectations of what we can discover with these telescopes," said Jim Chiang, a staff scientist at DOE's SLAC National Accelerator Laboratory in Menlo Park, California, who helped create the simulations. "It gives us a chance to exercise our processing pipelines, better understand our analysis codes, and accurately interpret the results so we can prepare to use the real data right away once it starts coming in."

Then they'll continue using simulations to explore the physics and instrument effects that could reproduce what the observatories see in the universe.

Telescopic Teamwork

It took a large and talented team from several organizations to conduct such an immense simulation.

"Few people in the world are skilled enough to run these simulations," said Alina Kiessling, a research scientist at NASA's Jet Propulsion Laboratory (JPL) in Southern California and the principal investigator of OpenUniverse. "This massive undertaking was only possible thanks to the collaboration between the DOE, Argonne, SLAC, and NASA, which pulled all the right resources and experts together."

And the project will ramp up further once Roman and Rubin begin observing the universe.




"We'll use the observations to make our simulations even more accurate," Kiessling said. "This will give us greater insight into the evolution of the universe over time and help us better understand the cosmology that ultimately shaped the universe."

The Roman and Rubin simulations cover the same patch of the sky, totaling about 0.08 square degrees (roughly equivalent to a third of the area of sky covered by a full Moon). The full simulation to be released later this year will span 70 square degrees, about the sky area covered by 350 full Moons.

Overlapping them lets scientists learn how to use the best aspects of each telescope -- Rubin's broader view and Roman's sharper, deeper vision. The combination will yield better constraints than researchers could glean from either observatory alone.

"Connecting the simulations like we've done lets us make comparisons and see how Roman's space-based survey will help improve data from Rubin's ground-based one," Heitmann said. "We can explore ways to tease out multiple objects that blend together in Rubin's images and apply those corrections over its broader coverage."

Scientists can consider modifying each telescope's observing plans or data processing pipelines to benefit the combined use of both.

"We made phenomenal strides in simplifying these pipelines and making them usable," Kiessling said. A partnership with Caltech/IPAC's IRSA (Infrared Science Archive) makes simulated data accessible now so when researchers access real data in the future, they'll already be accustomed to the tools. "Now we want people to start working with the simulations to see what improvements we can make and prepare to use the future data as effectively as possible."
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Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice | ScienceDaily
Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.


						
The findings are detailed in a paper published on June 12 in Science Advances.

The microrobots are an ingenious combination of biology and nanotechnology. They are a joint effort between the labs of Joseph Wang and Liangfang Zhang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering.

To create the microrobots, researchers chemically attached drug-filled nanoparticles to the surface of green algae cells. The algae, which provide the microrobots with their movement, enable the nanoparticles to efficiently swim around in the lungs and deliver their therapeutic payload to tumors.

The nanoparticles are made of tiny biodegradable polymer spheres, which are loaded with the chemotherapeutic drug doxorubicin and coated with red blood cell membranes. This coating serves a critical function: it protects the nanoparticles from the immune system, allowing them to stay in the lungs long enough to exert their anti-tumor effects. "It acts as a camouflage," said study co-first author Zhengxing Li, who is a nanoengineering Ph.D. student in both Wang and Zhang's research groups. "This coating makes the nanoparticle look like a red blood cell from the body, so it will not trigger an immune response."

This formulation of nanoparticle-carrying algae is safe, the researchers noted. The materials used to make the nanoparticles are biocompatible while the green algae employed, Chlamydomonas reinhardtii, are recognized as safe for use by the U.S. Food and Drug Administration.

This study builds on prior work by Wang and Zhang's teams using similar microrobots to treat deadly pneumonia in mice. "Those were the first microrobots to be safely tested in the lungs of live animals," said Wang.




In previous work, the microrobots fought the spread of pneumonia-causing bacteria using a different drug and cell membrane combination for the nanoparticles. By tweaking these components, the team has now tailored the microrobots to fight the spread of cancer cells in the lungs. "We demonstrate that this is a platform technology that can actively and efficiently deliver therapeutics throughout the entire lung tissue to combat different types of deadly diseases in the lungs," said Zhang.

In the current study, mice with melanoma that had metastasized to the lungs were treated with the microrobots, which were administered to the lungs through a small tube inserted into the windpipe. Treated mice experienced a median survival time of 37 days, an improvement over the 27-day median survival time observed in untreated mice, as well as mice that received either the drug alone or drug-filled nanoparticles without algae.

"The active swimming motion of the microrobots significantly improved distribution of the drug to the deep lung tissue, while prolonging retention time," said Li. "This enhanced distribution and prolonged retention time allowed us to reduce the required drug dosage, potentially reducing side effects while maintaining high survival efficacy."

Moving forward, the team is working on advancing this microrobot treatment to trials in larger animals, with the ultimate goal of human clinical trials.

Paper: "Biohybrid microrobots locally and actively deliver drug-loaded nanoparticles to inhibit the progression of lung metastasis." Co-authors of the study include Fangyu Zhang*, Zhongyuan Guo*, Zhengxing Li*, Hao Luan, Yiyan Yu, Audrey T. Zhu, Shichao Ding, Weiwei Gao and Ronnie H. Fang.

*These authors contributed equally to this work.

This work was supported by the Defense Threat Reduction Agency Joint Science and Technology Office for Chemical and Biological Defense (HDTRA1-21-1-0010) and the National Institutes of Health (R21AI175904).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240612173104.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley' | ScienceDaily
Louisiana's southeastern corridor is sometimes known colloquially as "Cancer Alley" for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers reporting in ACS' Environmental Science & Technology measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.


						
In 2016, the U.S. Environmental Protection Agency (EPA) classified ethylene oxide as carcinogenic to humans, particularly when it is inhaled. Despite significant concern over chronic ethylene oxide exposure for people living between Baton Rouge and New Orleans, there are no published reports of ambient concentrations of the carcinogen that aren't derived from industry self-reported emissions data. So, Peter DeCarlo and colleagues proposed measuring the levels of this gas using optical instruments that quickly measure airborne chemicals and provide results in real time.

They used a mobile monitoring system with equipment mounted on a small truck or van. These mobile laboratories drove a fixed route along a heavily industrialized portion of the corridor.
    	One small truck carried a tunable infrared laser direction absorption spectrometer, which measured ambient ethylene oxide in the surrounding air.
    	The van carried a cavity ringdown spectrometer to detect downwind of petrochemical sites contaminant plumes, i.e., mixtures of ethylene oxide and other chemicals, which indicate the type of facility that emitted them.

DeCarlo and the team completed 23 130-mile laps with their mobile monitoring vans from January to February 2023. All of the ethylene oxide measurements were higher than EPA estimates, which were gleaned from industry-reported emissions. Specifically, the researchers' ambient air measurements revealed that most of the region had ethylene oxide levels that correspond to risk levels above EPA's acceptable upper limit. A few locations had contaminant concentrations that represent potentially serious health risks for facility workers. And the team's second van, with the cavity ringdown spectrometer, identified chemical plumes up to 7 miles from their likely sources, which are beyond the 6-mile distance of "fenceline communities." EPA defines fenceline communities as those where people live close enough to highly polluting facilities that they could be directly affected by the emissions of operation.

The researchers hope that this demonstration of a mobile monitoring system helps increase accurate measurements of hazardous air pollution in an area densely populated with ethylene oxide emitters. Their work also highlights important issues related to current detection and reporting methods and associated health impacts on people living near potential pollution sources.

The authors acknowledge funding from Bloomberg Philanthropies and the National Institute of Environmental Health Sciences. 

Some coauthors are employed at Aerodyne Research, Inc., which provided a mobile laboratory and field sampling equipment. Some coauthors are employed at Picarro, Inc. which manufactures one of the instruments used in the study. 
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What the geologic record reveals about how oceans were oxygenated 2.3 billion years ago | ScienceDaily

Scientists refers to this phenomenon as the Great Oxidation Event, or GOE for short. But the initial accumulation of O2 on Earth was not nearly as straightforward as that moniker suggests, according to new research led by a University of Utah geochemist.

This "event" lasted at least 200 million years. And tracking the accumulation of O2 in the oceans has been very difficult until now, said Chadlin Ostrander, an assistant professor in the Department of Geology and Geophysics.

"Emerging data suggest that the initial rise of O2 in Earth's atmosphere was dynamic, unfolding in fits-and-starts until perhaps 2.2. billion years ago," said Ostrander, lead author on the study published June 12 in the journal Nature. "Our data validate this hypothesis, even going one step further by extending these dynamics to the ocean."

His international research team, which is supported by the NASA Exobiology program, focused on marine shales from South Africa's Transvaal Supergroup, yielding insights into the dynamics of ocean oxygenation during this crucial period in Earth's history. By analyzing stable thallium (Tl) isotope ratios and redox-sensitive elements, they uncovered evidence of fluctuations in marine O2 levels that coincided with changes in atmospheric oxygen.

These findings help advance the understanding of the complex processes that shaped Earth's O2 levels during a critical period in the planet's history that paved the way for the evolution of life as we know it.

"We really don't know what was going on in the oceans, where Earth's earliest lifeforms likely originated and evolved," said Ostrander, who joined the U faculty last year from the Woods Hole Oceanographic Institution in Massachusetts. "So knowing the O2 content of the oceans and how that evolved with time is probably more important for early life than the atmosphere."

The research builds on the work of Ostrander's co-authors Simon Poulton of the University of Leeds in the U.K and Andrey Bekker of the University of California, Riverside. In a 2021 study, their team of scientists discovered that O2 did not become a permanent part of the atmosphere until about 200 million years after the global oxygenation process began, much later than previously thought.




The "smoking gun" evidence of an anoxic atmosphere is the presence of rare, mass-independent sulfur isotope signatures in sedimentary records before the GOE. Very few processes on Earth can generate these sulfur isotope signatures, and from what is known their preservation in the rock record almost certainly requires an absence of atmospheric O2.

For the first half of Earth's existence, its atmosphere and oceans were largely devoid of O2. This gas was being produced by cyanobacteria in the ocean before the GOE, it seems, but in these early days the O2 was rapidly destroyed in reactions with exposed minerals and volcanic gasses. Poulton, Bekker and colleagues discovered that the rare sulfur isotope signatures disappear but then reappear, suggesting multiple O2 rises and falls in the atmosphere during the GOE. This was no single 'event.'

"Earth wasn't ready to be oxygenated when oxygen starts to be produced. Earth needed time to evolve biologically, geologically and chemically to be conducive to oxygenation," Ostrander said. "It's like a teeter totter. You have oxygen production, but you have so much oxygen destruction, nothing's happening. We're still trying to figure out when we've completely tipped the scales and Earth could not go backwards to an anoxic atmosphere."

To map O2 levels in the ocean during the GOE, the research team relied on Ostrander's expertise with stable thallium isotopes.

Isotopes are atoms of the same element that have an unequal number of neutrons, giving them slightly different weights. Ratios of a particular element's isotopes have powered discoveries in archaeology, geochemistry and many other fields.

Advances in mass spectrometry have enabled scientists to accurately analyze isotope ratios for elements farther and farther down the Periodic Table, such as thallium. Luckily for Ostrander and his team, thallium isotope ratios are sensitive to manganese oxide burial on the seafloor, a process that requires O2 in seawater. The team examined thallium isotopes in the same marine shales recently shown to track atmospheric O2 fluctuations during the GOE with rare sulfur isotopes.

In the shales, Ostrander and his team found noticeable enrichments in the lighter-mass thallium isotope (203Tl), a pattern best explained by seafloor manganese oxide burial, and hence accumulation of O2 in seawater. These enrichments were found in the same samples lacking the rare sulfur isotope signatures, and hence when the atmosphere was no longer anoxic. The icing on the cake: the 203Tl enrichments disappear when the rare sulfur isotope signatures return. These findings were corroborated by redox-sensitive element enrichments, a more classical tool for tracking changes in ancient O2.

"When sulfur isotopes say the atmosphere became oxygenated, thallium isotopes say that the oceans became oxygenated. And when the sulfur isotopes say the atmosphere flipped back to anoxic again, the thallium isotopes say the same for the ocean," Ostrander said. "So the atmosphere and ocean were becoming oxygenated and deoxygenated together. This is new and cool information for those interested in ancient Earth."
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Putting the brakes on chronic inflammation | ScienceDaily
Scientists at Weill Cornell Medicine discovered a previously unknown link between two key pathways that regulate the immune system in mammals -- a finding that impacts our understanding of chronic inflammatory bowel diseases (IBD). This family of disorders severely impacts the health and quality of life of more than 2 million people in the United States.


						
The immune system has many pathways to protect the body from infection, but sometimes an overactive immune response results in autoimmune diseases including IBD, psoriasis, rheumatoid arthritis and multiple sclerosis. Interleukin-23 (IL-23) is one such immune factor that fights infections but is also implicated in many of these inflammatory diseases. However, it was unknown why IL-23 is sometimes beneficial, and other times becomes a driver of chronic disease.

In the study, published June 12 in Nature, the team found that IL-23 acts on group 3 innate lymphoid cells (ILC3s), a family of immune cells that are a first line of defense in mucosal tissues such as the intestines and lungs. In response, ILC3s increase activity of CTLA-4, a key regulatory factor that prevents the immune system from attacking the body and beneficial gut microbiota. This interaction critically balances the pro-inflammatory effects IL-23 to maintain gut health, but is impaired in IBD.

The findings identify ILC3s as a critical link between potent IL-23 driven inflammatory response and checkpoints for immune regulation in the intestine. It also provides clues on how to harness this pathway to fight cancer and alleviate a serious side effect of cancer immunotherapy.

"We were surprised to uncover the unexpected connection between these two major immune pathways that control health, immunity and inflammation," said senior author Dr. Gregory Sonnenberg, the Henry R. Erle, M.D.-Roberts Family Professor of Medicine, head of basic research in the Division of Gastroenterology & Hepatology and a member of the Jill Roberts Institute for Research in Inflammatory Bowel Disease at Weill Cornell Medicine. "Until now most research on CTLA-4 focused on T cells, another type of immune cell. By uncovering that it is selectively upregulated on ILC3s by IL-23, this demonstrates that we should be thinking about these pathways more broadly to develop more selective therapeutics."

When Inflammation is Out of Control

"IL-23 normally provides tissue protection in the gut, but something changes in chronic inflammatory diseases which makes IL-23 a key driver of tissue pathology, and that's what we decided to investigate," said the paper's lead author, postdoctoral researcher Dr. Anees Ahmed.




The investigators used single-cell RNA sequencing to study the effects of IL-23 on different types of immune cells in the healthy intestine. This analysis revealed that IL-23 in the healthy gut potently turns on the CTLA-4 pathway in ILC3s. They then showed that blocking the CTLA-4 pathway in those cells led to severe intestinal inflammation.

To see if their results applied to humans, the investigators turned to the Jill Roberts Institute Live Cell Bank, which includes deidentified samples from people with IBD as well as healthy individuals. "This unique resource enabled us to quickly confirm that our findings in mice were relevant to IBD patients," said Dr. Sonnenberg.

They then verified this finding in patients through collaboration with Dr. Robbyn Sockolow, professor of clinical pediatrics and chief of the Division of Pediatric Gastroenterology, Hepatology and Nutrition in the Department of Pediatrics at Weill Cornell Medicine and a pediatric gastroenterologist at NewYork-Presbyterian Komansky Children's Hospital and Center for Advanced Digestive Care.

With Dr. Sockolow, they found evidence that this novel immunologic pathway exists in the healthy human intestine and becomes impaired in the inflamed intestine of IBD patients. "This may provide a new explanation of why IL-23 becomes a driver of intestinal inflammation in human IBD," said Dr. Sockolow.

Implications for Cancer and Associated Immunotherapy

This study also suggests that this pathway may be harnessed to fight cancer and may explain why people receiving certain immunotherapy drugs often experience inflammation in the gut as a side effect. Immunotherapy drugs that block CTLA-4 are used to take the brakes off the immune system -- allowing it to fight cancer. These new results suggest that CTLA-4 on ILC3 cells and other related innate or innate-like lymphocytes should be considered in fighting cancer. Further, it suggests that blocking CTLA-4 on ILC3s may lead to severe gut inflammation which can cause patients to discontinue their cancer treatment.

Much more research is needed before these findings can be applied to new treatments. Dr. Ahmed said that eventually it may be possible to develop more targeted treatments that avoid ILC3s in the gut or simultaneously block IL-23. "In the future, we may be able to find ways to selectively block CTLA-4 or IL-23 in specific immune cells," he said. "If we could manage it, that could lead to a breakthrough in fighting cancer while protecting the gut from inflammation."

The findings could also have long-term applications in developing new treatments for a range of autoimmune diseases known to be mediated by IL-23. Drugs that target IL-23 already exist, and potentially we could make next-generation therapies that don't completely block IL-23 since it is still needed to fight infection but instead control the underlying mechanisms of IL-23-driven chronic inflammatory diseases, Dr. Sonnenberg said.
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Laser tests reveal new insights into key mineral for super-Earths | ScienceDaily
Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.


						
High-energy laser experiments -- which subjected tiny crystals of the mineral to the type of heat and pressure found deep inside a rocky planet's mantle -- suggest the compound could be the earliest mineral to solidify out of magma oceans in forming "super-Earth" exoplanets.

"Magnesium oxide could be the most important solid controlling the thermodynamics of young super-Earths," said June Wicks, an assistant professor of Earth and Planetary Sciences at Johns Hopkins University who led the research. "If it has this very high melting temperature, it would be the first solid to crystallize when a hot, rocky planet starts to cool down and its interior separates into a core and a mantle."

The findings are newly published in Science Advances.

They suggest that the way magnesium oxide transitions from one form to another could have important implications for the factors that control whether a young planet will be a snowball or a molten rock, develop water oceans or atmospheres, or have a mixture of those features.

"In terrestrial super-Earths, where this material is going to be a big component of the mantle, its transformation is going to contribute significantly to how quickly heat moves in the interior, which is going to control how the interior and the rest of the planet form and deform over time," Wicks said. "We can think of this as a proxy for interiors of these planets, because it's going to be the material that controls its deformation, one of the most important building blocks of rocky planets."

Larger than Earth but smaller than giants like Neptune or Uranus, super-Earths are key targets in exoplanet searches because they are commonly found among other solar systems in the galaxy. While the composition of these planets can vary from gas to ice or water, rocky super-Earths are expected to contain significant amounts of magnesium oxide that can influence the planet's magnetic field, volcanism, and other key geophysics like they do on Earth, Wicks said.




To mimic the extreme conditions this mineral might sustain during planet formation, Wick's team subjected small samples to ultra-high pressures using the Omega-EP laser facility at the University of Rochester's Laboratory for Laser Energetics. The scientists also shot X-rays and recorded how those light rays bounced off the crystals to track how their atoms rearranged in response to the increasing pressures, specifically noting at what point they transformed from a solid to a liquid.

When squeezed extremely hard, the atoms of materials like magnesium oxide change their arrangement to sustain the crushing pressures. That's why the mineral transitions from a rock salt "phase" resembling table salt to a different configuration like that of another salt called cesium chloride as pressure increases. This makes for a transformation that can affect a mineral's viscosity and impact on a planet as it comes of age, Wicks said.

The team's results show that magnesium oxide can exist in both of its phases at pressures ranging from 430 to 500 gigapascals and temperatures of around 9,700 Kelvin, nearly twice as hot as the surface of the sun. The experiments also show that the highest pressures the mineral can withstand before melting completely are upward of 600 gigapascals, about 600 times the pressure one would feel in the deepest trenches of the ocean.

"Magnesium oxide melts at a much higher temperature than any other material or mineral. Diamonds may be the hardest materials, but this is what will melt last," Wicks said. "When it comes to extreme materials in young planets, magnesium oxide is likely going to be solid, whereas everything else that will be hanging out down there in the mantle is going to be turned to liquid."

The study showcases the stability and simplicity of magnesium oxide under extreme pressures and could help scientists develop more accurate theoretical models to probe key questions about the behavior of this and other minerals within rocky worlds like Earth, Wicks said.

"The study is a love letter to magnesium oxide, because it's amazing that it has the highest temperature melting point that we know of -- at pressures beyond the center of Earth -- and it still behaves like a regular salt," Wicks said. "It's just a beautiful, simple salt, even at these record pressures and temperatures."

Other authors are Saransh Singh, Marius Millot, Dayne E. Fratanduono, Federica Coppari, Martin G. Gorman, Jon H. Eggert, and Raymond F. Smith of Lawrence Livermore National Laboratory; Zixuan Ye and Anirudh Hari of Johns Hopkins University; J. Ryan Rygg of the University of Rochester; and Thomas S. Duffy of Princeton University.

This research was supported by NNSA through the National Laser Users' Facility Program under contract Nos. DE-NA0002154 and DE-NA0002720 and the Laboratory Directed Research and Development Program at LLNL (project No. 15-ERD-012). This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract No. DE-AC52-07NA27344. The research was supported by National Nuclear Security Administration through the National Laser Users' Facility Program (contract Nos. DE-NA0002154 and DE-NA0002720) and the Laboratory Directed Research and Development Program at LLNL (project Nos. 15-ERD-014, 17-ERD-014, and 20-ERD-044).
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To heal skin, scientists invent living bioelectronics | ScienceDaily
For much of his childhood, Simiao Niu was troubled by psoriasis, a chronic, often painful skin condition, mostly on his arms.


						
Sometimes, the prescribed ointment worked and treated the inflamed, red areas produced by the disease. But he was never sure if he was using enough, whether the skin irritation was healing and when he should stop treatment.

Years later, as an engineer on the team at Apple Inc. that devised the electronics in Apple watches monitoring heart rhythm, Niu had a revelation: Could a similar wearable electronic device be developed to treat skin ailments such as psoriasis and provide patients with continuous feedback?

Now, Niu, an assistant professor of biomedical engineering in the School of Engineering at Rutgers-New Brunswick, has played a crucial role in the development of the kind of device that he dreamed of: a unique prototype of what he and his research collaborators are calling a "living bioelectronic" designed to treat psoriasis.

Describing the advance in Science magazine, Niu and collaborators, including scientists at the University of Chicago led by Bozhi Tian and Columbia University, reported developing a patch -- a combination of advanced electronics, living cells and hydrogel -- that is showing efficacy in experiments in mice.

The patch represents not only a potential treatment for psoriasis, but a new technology platform to deliver treatments for medical needs as diverse as wounds and, potentially, various skin cancers, Niu said.

"We were looking for a new type of device that combines sensing and treatment for managing skin inflammation diseases like psoriasis," Niu said. "We found that by combining living bacteria, flexible electronics and adhesive skin interface materials, we were able to create a new type of device."

The circular patch is about 1 inch in diameter and wafer thin. The patch contains electronic chips, bacterial cells and a gel made from starch and gelatin. Tests in mice conducted by the research team showed that the device could continuously monitor and improve psoriasis-like symptoms without irritating skin.




The device, Niu said, is a leap forward from conventional bioelectronics, which are generally composed of electronic components that are encased in a soft synthetic layer that reduces irritation when in contact with the body. The patches placed on a patient's chest for an electrocardiogram are examples of conventional devices.

Niu's invention could be seen as a "living drug," he said, in that it incorporates living cells as part of its therapy. S. epidermidis, which lives on human skin and has been shown to reduce inflammation, is incorporated into the device's gel casing. A thin, flexible printed circuit forms the skeleton of the device.

When the device is placed on skin, the bacteria secrete compounds that reduce inflammation, while sensors in the flexible circuits monitor the skin for signals indicating healing, such as skin impedance, temperature and humidity. The data collected by the circuits is beamed wirelessly to a computer or a cell phone, a process that would allow patients to monitor their healing process.

During his years at Apple, before he joined Rutgers faculty in 2022, Niu and other engineers were forwarded hundreds of thank-you notes that had been sent to the chief executive's office. The customers wrote to credit their Apple watches with saving their lives, Niu said. The watches' built-in heart rate monitors pointed to a condition -- an arrhythmia known as atrial fibrillation -- the customers said they didn't know they had. Atrial fibrillation can lead to strokes if left untreated.

"When you produce the kinds of things that positively affect people's lives, you feel very proud," Niu said. "That is something that inspires me a lot and motivates me to do my current research."

Clinical trials to test the device on human patients must come next, Niu said, as the first step toward commercialization. Once there is evidence of positive results with minimum side effects, the inventors would apply for FDA approval in order to bring the device to market, Niu said.

Other authors of the study from Rutgers included Fuying Dong and Chi Han, two graduate students at the Department of Biomedical Engineering in the School of Engineering.
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Researchers leverage inkjet printing to make a portable multispectral 3D camera | ScienceDaily
Researchers have used inkjet printing to create a compact multispectral version of a light field camera. The camera, which fits in the palm of the hand, could be useful for many applications including autonomous driving, classification of recycled materials and remote sensing.


						
3D spectral information can be useful for classifying objects and materials; however, capturing 3D spatial and spectral information from a scene typically requires multiple devices or time-intensive scanning processes. The new light field camera solves this challenge by simultaneously acquiring 3D information and spectral data in a single snapshot.

"To our knowledge, this is the most advanced and integrated version of a multispectral light field camera," said research team leader Uli Lemmer from the Karlsruhe Institute of Technology in Germany. "We combined it with new AI methods for reconstructing the depth and spectral properties of the scene to create an advanced sensor system for acquiring 3D information."

In the Optica Publishing Group journal Optics Express, the researchers report that the new camera and image reconstruction methods can be used to distinguish objects in a scene based on their spectral characteristics. Using inkjet printing to make the camera's key optical components allows it to be easily customized or manufactured in large volumes.

"Reconstructed 3D data from camera images are finding widespread use in virtual and augmented reality, autonomous cars, robotics, smart home devices, remote sensing and other applications," said Michael Heizmann, a member of the research team. "This new technology could, for example, allow robots to better interact with humans or improve the accuracy of classifying and separating materials in recycling. It could also be potentially used to classify healthy and diseased tissues."

Adding color with inkjet printing

Light field cameras, also called plenoptic cameras, are specialized imaging devices that capture the direction and intensity of light rays. After image acquisition, computational processing is used to reconstruct 3D image information from the acquired data. These cameras typically use microlens arrays that are aligned with the pixels of a high-resolution camera chip.




To create a multispectral light field camera, the researchers used inkjet printing to deposit a single droplet of material to form each individual lens on one side of ultrathin microscope slides and then printed fully aligned color filter arrays on the opposite side of the microscope slides. The resulting optical component was integrated directly onto a CMOS camera chip. The inkjet printing method allowed precise alignment between the optical components, significantly reducing the manufacturing complexity and enhancing efficiency.

Because this setup produces spectral and depth information that are interwoven in the camera image, the researchers developed methods to separate each component. They found that an approach based on deep learning worked best for extracting the desired information directly from the acquired measurements.

Spectral-based object detection 

"Tackling the challenge of creating a multispectral light field camera was only possible by combining recent advances from manufacturing, system design and AI-based image reconstruction," said Qiaoshuang Zhang, first author of the paper. "This work pushes the boundaries of inkjet printing -- a versatile method with high precision and industrial scalability -- for manufacturing photonic components."

The researchers tested the camera by recording a test scene that contained multicolor 3D objects at different distances. The image reconstruction algorithm was trained and tested on many synthetic and real multispectral images. The results demonstrate that the prototype camera can simultaneously acquire 3D spatial and spectral information and that different objects can be imaged and distinguished by their different spectral composition and depth information within one single snapshot.

Now that they have completed this first proof-of-concept, the researchers are exploring various applications where a light field camera with an ability to acquire multispectral information could be useful.
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Scientists adapt astronomy method to unblur microscopy images | ScienceDaily
Astronomers figured out long ago how to make the images their telescopes capture of far-away galaxies clearer and sharper. By using techniques that measure how light is distorted by the atmosphere, they can apply corrections to cancel out aberrations.


						
Microscopists have been adapting these methods to generate clearer images of thick biological samples, which also bend light and create distortions. But these techniques -- a class of methods called adaptive optics -- are complex, expensive, and slow, making them out of reach for many labs.

Now, in hopes of making adaptive optics more widely available to biologists, a team led by researchers at HHMI's Janelia Research Campus has turned their attention to a class of techniques called phase diversity that's been widely used in astronomy but is new to the life sciences.

These phase diversity methods add additional images with known aberrations to a blurry image with an unknown aberration, providing enough additional information to unblur the original image. Unlike many other adaptive optics techniques, phase diversity doesn't require any major changes to an imaging system, making it a potentially attractive route for microscopy.

To implement the new method, the team first adapted the astronomy algorithm for use in microscopy and validated it with simulations. Next, they built a microscope with a deformable mirror, whose reflective surface can be changed, and two additional lenses -- minor modifications to an existing microscope that create the known aberration. They also improved the software used to carry out the phase diversity correction.

As a test of their new method, the team demonstrated that they could calibrate the microscope's deformable mirror 100 times faster than with competing methods. Next, they showed that the new method could sense and correct randomly generated aberrations, providing clearer images of fluorescent beads and fixed cells.

The next step is to test the method on real-world samples, including living cells and tissues, and extend its use to more complex microscopes. The team also hopes to make the method more automated and easier to use. They hope the new method, which is faster and cheaper to implement than current techniques, could one day make adaptive optics accessible to more labs, helping biologists see more clearly when peering deep inside tissues.
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Metal alloys that can take the heat | ScienceDaily
Complex metal alloys enter a new era of predictive design for aerospace and other high-temperature applications.


						
Cooks love stainless steel for its durability, rust resistance and even cooking when heated. But few know the secret that makes stainless steel so popular. It's the metal chromium in stainless steel, which reacts with oxygen in the air to form a stable and protective thin coating for protecting the steel underneath.

These days, scientists and engineers are working to design alloys that can resist extreme environments for applications such as nuclear fusion reactors, hypersonic flights and high-temperature jet engines. For such extreme applications, scientists are experimenting with complex combinations of many metals mixed in equal proportions in what are called multi-principal element alloys or medium- to high-entropy alloys. These alloys aim to achieve design goals such as strength, toughness, resistance to corrosion and so on. Specifically, researchers seek alloys resistant to corrosion that can happen when metals react with oxygen in the atmosphere, a process called oxidation. These alloys are typically tested in a "cook-and-look" procedure where alloy materials are exposed to high-temperature oxidation environments to see how they respond.

But now, a multidisciplinary research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory and North Carolina State University combined atomic-scale experiments with theory to create a tool to predict how such high-entropy alloys will behave under high-temperature oxidative environments. The research, published in the journal Nature Communications, offers a road map toward rapid design and testing cycles for oxidation-resistant complex metal alloys.

"We are working toward developing an atomic-scale model for material degradation of these complex alloys, which then can be applied to design next-generation alloys with superior resistance to extreme environments for a wide variety of applications such as the aerospace and nuclear power industries," said Arun Devaraj, co-principal investigator of the study and a PNNL materials scientist specializing in understanding metal degradation in extreme environments. "The goal here is to find ways to rapidly identify medium- to high-entropy alloys with the desired properties and oxidation resistance for your chosen application."

A complex alloy recipe

For their recent experiments, the research team studied the degradation of a high-entropy alloy with equal amounts of the metals cobalt, chromium, iron, nickel and manganese (CoCrFeNiMn, also called the Cantor alloy). The research team examined oxide formed on the Cantor alloy using a variety of advanced atomic-scale methods to understand how each element arranges itself in the alloy and the oxide.




They discovered that chromium and manganese tend to migrate quickly toward the surface and form stable chromium and manganese oxides. Subsequently, iron and cobalt diffuse through these oxides to form additional layers.

By adding a small amount of aluminum, they discovered that aluminum oxide can act as a barrier for other elements migrating to form the oxide, thereby reducing the overall oxidation of the aluminum-containing Cantor alloy and increasing its resistance to degradation at high temperatures.

"This work sheds light on the mechanisms of oxidation in complex alloys at the atomic scale," said Bharat Gwalani, co-corresponding author of the study. Gwalani began the study while a scientist at PNNL and continued the research in his current role as an assistant professor of materials science and engineering at North Carolina State University. He added, "by understanding the fundamental mechanisms involved, this work gives us a deeper understanding of oxidation across all complex alloys."

Predictive models

"Right now there are no universally applicable governing models to extrapolate how a given complex, multi-principal element alloy will oxidize and degrade over time in a high-temperature oxidation environment," said Devaraj. "This is a substantial step in that direction."

The team's careful analysis revealed some universal rules that can predict how the oxidation process will proceed in these complex alloys. Computational colleagues from NCSU developed a model called the Preferential Interactivity Parameter for early prediction of oxidation behavior in complex metal alloys.




Ultimately, the research team expects to expand this research to develop complex alloys with exceptional high-temperature properties, and to do so very quickly by rapid sampling and analysis. The ultimate goal is to choose a combination of elements that favor the formation of an adherent oxide, said Devaraj. "You know oxide formation will happen, but you want to have a very stable oxide that will be protective, that would not change over time, and would withstand extreme heat inside a rocket engine or nuclear reactors."

A next step will be to introduce automated experimentation and integrate additive manufacturing methods, along with advanced artificial intelligence, to rapidly evaluate promising new alloys. That project is now getting underway at PNNL as a part of the Adaptive Tunability for Synthesis and Control via the Autonomous Learning on Edge (AT SCALE) Initiative.

"That kind of discovery loop for materials discovery will be very relevant for further expanding our knowledge of these novel alloys," said Devaraj, who also has a joint faculty appointment at the Colorado School of Mines.

In addition to Gwalani and Devaraj, PNNL scientists Sten Lambeets, Matthew Olszta, Anil Krishna Battu and Thevuthasan Suntharampillai contributed; as well as Martin Thuo, Aram Amassian, Andrew Martin, Aniruddha Malakar, and Boyu Guo of NCSU; Elizabeth Kautz, an assistant professor of nuclear engineering at North Carolina State, who also has a joint appointment with PNNL; Feipeng Yang and Jinghua Guo of Lawrence Berkeley National Laboratory; and Ruipeng Li of Brookhaven National Laboratory.

To investigate the arrangement of atoms within the samples, the research team used in situ atom probe tomography at PNNL. These results were correlated with electron microscopy and synchrotron-based grazing incidence wide-angle X-ray scattering at the National Synchrotron Light Source II, BNL, and X-ray absorption measurements conducted at the Advanced Light Source, LBNL, national user facilities funded by the DOE Office of Science. The research was also supported in part by the DOE Office of Science, Basic Energy Sciences, Materials Sciences and Engineering Division as a part of the Early Career Research Program.
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Robot radiotherapy could improve treatments for eye disease | ScienceDaily
Researchers from King's, with doctors at King's College Hospital NHS Foundation Trust, have successfully used a new robot system to improve treatment for debilitating eye disease.


						
The custom-built robot was used to treat wet neovascular age-related macular degeneration (AMD), administering a one-off, minimally invasive dose of radiation, followed by patients' routine treatment with injections into their eye.

In the landmark trial, published today in The Lancet, it was found that patients then needed fewer injections to effectively control the disease, potentially saving around 1.8 million injections per year around the world.

Wet AMD is a debilitating eye disease, where abnormal new blood vessels grow into the macula, the light sensing-layer of cells inside the back of the eyeball. The vessels then start to leak blood and fluid, typically causing a rapid, permanent and severe loss of sight.

Globally, around 196 million people have AMD and the Royal College of Ophthalmologists estimates that the disease affects more than 700,000 people in the UK. The number of people with AMD is expected to increase 60% by 2035, due to the country's ageing population.

Wet AMD is currently treated with regular injections into the eye. Initially, treatment substantially improves a patient's vision. But, because the injections don't cure the disease, fluid will eventually start to build up again in the macula, and patients will require long-term, repeated injections. Most people require an injection around every 1-3 months, and eye injections, costing between PS500 and PS800 per injection, have become one of the most common NHS procedures.

The new treatment can be targeted far better than existing methods, aiming three beams of highly focused radiation into the diseased eye. Scientists found that patients having robotic radiotherapy required fewer injections to control their disease compared to standard treatment.




The study found that the robotically controlled device saves the NHS PS565 for each patient treated over the first two years, as it results in fewer injections.

The study lead and first author on the paper, Professor Timothy Jackson, King's College London and Consultant Ophthalmic Surgeon at King's College Hospital said: "Research has previously tried to find a better way to target radiotherapy to the macula, such as by repurposing devices used to treat brain tumours. But so far nothing has been sufficiently precise to target macular disease that may be less than 1 mm across.

"With this purpose-built robotic system, we can be incredibly precise, using overlapping beams of radiation to treat a very small lesion in the back of the eye.

"Patients generally accept that they need to have eye injections to help preserve their vision, but frequent hospital attendance and repeated eye injections isn't something they enjoy. By better stabilising the disease and reducing its activity, the new treatment could reduce the number of injections people need by about a quarter. Hopefully, this discovery will reduce the burden of treatment that patients have to endure."

Dr Helen Dakin, University Research Lecturer at the University of Oxford said: "We found that the savings from giving fewer injections are larger than the cost of robot-controlled radiotherapy. This new treatment can therefore save the NHS money that can be used to treat other patients, while controlling patients' AMD just as well as standard care."

The research was jointly funded by the National Institute for Health and Care Research (NIHR) and the Medical Research Council (MRC) and recruited 411 participants across 30 NHS hospitals. A Lancet-commissioned commentary that accompanied the article described it as a "landmark trial."

This study was led by researchers from King's College London and doctors at King's College Hospital NHS Foundation Trust, in collaboration with the University of Oxford, the University of Bristol and Queen's University in Belfast.
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Quantum dots and metasurfaces: Deep connections in the nano world | ScienceDaily
In relationships, sharing closer spaces naturally deepens the connection as bonds form and strengthen through increasing shared memories. This principle applies not only to human interactions but also to engineering. Recently, an intriguing study was published demonstrating the use of quantum dots to create metasurfaces, enabling two objects to exist in the same space.


						
Professor Junsuk Rho from the Department of Mechanical Engineering, the Department of Chemical Engineering, and the Department of Electrical Engineering, PhD candidates Minsu Jeong, Byoungsu Ko, and Jaekyung Kim from the Department of Mechanical Engineering, and Chunghwan Jung, a PhD candidate, from the Department of Chemical Engineering at Pohang University of Science and Technology (POSTECH) employed Nanoimprint Lithography (NIL) to fabricate metasurfaces embedded with quantum dots, enhancing their luminescence efficiency. Their research was recently published in the online edition of Nano Letters.

NIL, a process for creating optical metasurfaces, utilizes patterned stamps to quickly transfer intricate patterns at the nanometer (nm) scale. This method offers cost advantages over electron beam lithography and other processes and has the advantage of enabling the creation of metasurfaces using materials that are not available in conventional processes.

Metasurfaces have recently been the focus of extensive research for their ability to control the polarization and emission direction of light from quantum dots. Quantum dots, which are nanoscale semiconductor particles, are highly efficient light emitters capable of emitting light at precise wavelengths. This makes them widely used in applications such as QLEDs and quantum computing. However, conventional processes cannot embed quantum dots within metasurfaces. As a result, research has often involved fabricating metasurfaces and quantum dots separately and then combining them, which imposes limitations on controlling the luminescence of the quantum dots.

In this study, the researchers integrated quantum dots with titanium dioxide (TiO2), a material used in the NIL process, to create a metasurface. Unlike conventional methods, which involve separately fabricating the metasurface and quantum dots before combining them, this approach embeds the quantum dots directly within the metasurface during its creation.

The resulting metasurface enhances the proportion of photons emitted from the quantum dots that couple with the resonance mode of the metasurface. This advancement allows for more effective control over the specific direction of light emitted from the quantum dots compared to previous methods.

Experiments demonstrated that the more photons emitted from the quantum dots that were coupled to the resonant modes of the metasurface, the higher the luminescence efficiency. The team's metasurface achieved up to 25 times greater luminescence efficiency compared to a simple coating of quantum dots.

Professor Junsuk Rho of POSTECH who led the research stated, "The use of luminescence-controlled metasurfaces will enable sharper, brighter displays and more precise, sensitive biosensing." He added, "Further research will allow us to control luminescence more effectively, leading to advances in areas such as nano-optical sensors, optoelectronic devices, and quantum dot displays."

The research was conducted with support from POSCO N.EX.T IMPACT, the Samsung Future Technology Incubation Program, and the Mid-Career Researcher Program of the Ministry of Science and ICT and the National Research Foundation of Korea.
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A mountainous mystery uncovered in Australia's pink sands | ScienceDaily
Deposits of deep-pink sand washing up on South Australian shores shed new light on when the Australian tectonic plate began to subduct beneath the Pacific plate, as well as the presence of previously unknown ancient Antarctic mountains.


						
The pink sand is composed of a mineral called garnet, and a University of Adelaide research team, led by PhD candidate Sharmaine Verhaert and Associate Professor Stijn Glorie, used a new, cutting-edge method to show the garnet grains are around 590 million years old.

Garnet is known to have formed locally during the Delamerian orogeny, an event which created the Adelaide Fold Belt around 514-490 million years ago, and during the formation of the Gawler Craton in western South Australia between 3.3-1.4 billion years ago. These ages don't match the garnet sand on South Australian shores.

"The garnet is too young to have come from the Gawler Craton and too old to have come from the eroding Adelaide Fold Belt," says Verhaert.

"Garnet requires high temperatures to form and is usually associated with the formation of large mountain belts, and this was a time when the South Australian crust was comparatively cool and non-mountainous."

The researchers, who published their findings in the journal Communications Earth & Environment, established the garnet does not originate from local source rocks, but they knew it had travelled from nearby as garnet is typically destroyed through prolonged exposure to the marine environment.

They discovered that the glacial sedimentary deposits of the Cape Jervis Formation, cropping out along the South Australian shorelines, contain layers of sand with garnet that is also around 590 million years old.




Ice-flow indicators in these glacial sedimentary deposits tell us that the garnet-rich glacial sands were brought to Australia by a north-west moving ice sheet during the Late Palaeozoic Ice Age, when Australia and Antarctica were connected in supercontinent Gondwana.

Garnet dating to the same period has been found previously in an outcrop in the Transantarctic Mountains in East Antarctica, at the edge of a colossal area that is completely concealed by a thick ice sheet. Researchers believe this area hosts evidence of a 590-million-year-old mountain belt hiding below the Antarctic ice.

"While it is currently not possible to sample directly under this ice sheet, it is conceivable that millions of years of ice transport eroded the bedrock underneath and transported this cargo of garnet north-westwards, towards the conjugate Antarctic-Australian margin," says Associate Professor Glorie.

"The garnet deposits were then locally stored in glacial sedimentary deposits along the southern Australian margin until erosion liberated them and the waves and tides concentrated them on the South Australian beaches.

"We have effectively uncovered a major mountain building event that redefines the timing of the onset of convergence in the Pacific Ocean."

The new University of Adelaide-developed approach to lutetium-hafnium dating, which uses a laser system attached to a mass-spectrometer, allowed this momentous discovery to be made from a simple enquiry.

"This journey started with questioning why there was so much garnet on the beach at Petrel Cove," says Dr Jacob Mulder, who was also in the research team.

"It is fascinating to think we were able to trace tiny grains of sand on a beach in Australia to a previously undiscovered mountain belt under the Antarctic ice."
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Towards a new era in flexible piezoelectric sensors for both humans and robots | ScienceDaily
Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers from Japan tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in medicine, healthcare, and robotics.


						
The world is accelerating rapidly towards the intelligent era -- a stage in history marked by increased automation and interconnectivity by leveraging technologies such as artificial intelligence and robotics. As a sometimes-overlooked foundational requirement in this transformation, sensors represent an essential interface between humans, machines, and their environment.

However, now that robots are becoming more agile and wearable electronics are no longer confined to science fiction, traditional silicon-based sensors won't make the cut in many applications. Thus, flexible sensors, which provide better comfort and higher versatility, have become a very active area of study. Piezoelectric sensors are particularly important in this regard, as they can convert mechanical stress and stretching into an electrical signal. Despite numerous promising approaches, there remains a lack of environmentally sustainable methods for mass-producing flexible, high-performance piezoelectric sensors at a low cost.

Against this backdrop, a research team from Shinshu University, Japan, decided to step up to the challenge and improve flexible piezoelectric sensor design using a well-established manufacturing technique: electrospinning. Their latest study, which was led by Distinguished Professor Ick Soo Kim in association with Junpeng Xiong, Ling Wang, Mayakrishnan Gopiraman, and Jian Shi, was published on 2 May, 2024, in the journal Nature Communications.

The proposed flexible sensor design involves the stepwise electrospinning of a composite 2D nanofiber membrane. First, polyvinylidene fluoride (PVDF) nanofibers with diameters in the order of 200 nm are spun, forming a strong uniform network that acts as the base for the piezoelectric sensor. Then, ultrafine PVDF nanofibers with diameters smaller than 35 nm are spun onto the preexisting base. These fibers become automatically interweaved between the gaps of the base network, creating a particular 2D topology.

After characterization via experiments, simulations, and theoretical analyses, the researchers found that the resulting composite PVDF network had enhanced beta crystal orientation. By enhancing this polar phase, which is responsible for the piezoelectric effect observed in PVDF materials, the piezoelectric performance of the sensors was significantly improved. To increase the stability of the material further, the researchers introduced dopamine (DA) during the electrospinning process, which created a protective core-shell structure.

"Sensor fabricated from using PVDF/DA composite membranes exhibited superb performance, including a wide response range of 1.5-40 N, high sensitivity of 7.29 V/N to weak forces in the range of 0-4 N, and excellent operational durability," remarks Kim. These exceptional qualities were demonstrated practically using wearable sensors to measure a wide variety of human movements and actions. More specifically, the proposed sensors, when worn by a human, could produce an easily distinguishable voltage response to natural motions and physiological signals. This included finger tapping, knee and elbow bending, foot stamping, and even speaking and wrist pulses.

Given the potential low-cost mass production of these piezoelectric sensors, combined with their use of environmentally friendly organic materials instead of harmful inorganics, this study could have important technological implications not only for health monitoring and diagnostics, but also robotics. "Despite the current challenges, humanoid robots are poised to play an increasingly integral role in the very near future. For instance, the well-known Tesla robot 'Optimus' can already mimic human motions and walk like a human," muses Kim, "Considering high-tech sensors are currently being used to monitor robot motions, our proposed nanofiber-based superior piezoelectric sensors hold much potential not only for monitoring human movements, but also in the field of humanoid robotics."

To make the adoption of these sensors easier, the research team will be focusing on improving the material's electrical output properties so that flexible electronic components can be driven without the need for an external power source. Hopefully, further progress in this area will accelerate our stride towards the intelligent era, leading to more comfortable and sustainable lives.
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AI better detects prostate cancer on MRI than radiologists | ScienceDaily
AI detects prostate cancer more often than radiologists. Additionally, AI triggers false alarms half as often. This is shown by an international study coordinated by Radboud university medical center and published in The Lancet Oncology. This is the first large-scale study where an international team transparently evaluates and compares AI with radiologist assessments and clinical outcomes.


						
Radiologists face an increasing workload as men with a higher risk of prostate cancer now routinely receive a prostate MRI. Diagnosing prostate cancer with MRI requires significant expertise, and there is a shortage of experienced radiologists. AI can assist with these challenges.

AI expert Henkjan Huisman and radiologist Maarten de Rooij, project leaders of the PI-CAI study, organized a major competition between AI teams and radiologists with an international team. Along with other centers in the Netherlands and Norway, they provided over 10,000 MRI scans. They transparently determined for each patient whether prostate cancer was present. They allowed various groups worldwide to develop AI for analyzing these images. The top five submissions were combined into a super-algorithm for analyzing MRI scans for prostate cancer. Finally, AI assessments were compared to those of a group of radiologists on four hundred prostate MRI scans.

Accurate Diagnosis

The PI-CAI community brought together over two hundred AI teams and 62 radiologists from twenty countries. They compared the findings of AI and radiologists not only with each other but also with a gold standard, as they monitored the outcomes of the men from whom the scans originated. On average, the men were followed for five years.

This first international study on AI in prostate diagnostics shows that AI detects nearly seven percent more significant prostate cancers than the group of radiologists. Additionally, AI identifies suspicious areas, later found not to be cancer, fifty percent less often. This means the number of biopsies could be halved with the use of AI. If these results are replicated in follow-up studies, it could greatly assist radiologists and patients in the future. It could reduce radiologists' workload, provide more accurate diagnoses, and minimize unnecessary prostate biopsies. The developed AI still needs to be validated and is currently not yet available for patients in clinical settings.

Quality System

Huisman observes that society has little trust in AI. 'This is because manufacturers sometimes build AI that isn't good enough', he explains. He is working on two things. The first is a public and transparent test to fairly evaluate AI. The second is a quality management system, similar to what exists in the aviation industry. 'If planes almost collide, a safety committee will look at how to improve the system so that it doesn't happen in the future. I want the same for AI. I want to research and develop a system that learns from every mistake so that AI is monitored and can continue to improve. That way, we can build trust in AI for healthcare. Optimal, governed AI can help make healthcare better and more efficient.'
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Breakthrough in next-generation memory technology! | ScienceDaily
A research team led by Professor Jang-Sik Lee from the Department of Materials Science and Engineering and the Department of Semiconductor Engineering at Pohang University of Science and Technology (POSTECH) has significantly enhanced the data storage capacity of ferroelectric memory devices. By utilizing hafnia-based ferroelectric materials and an innovative device structure, their findings, published on June 7 in the international journal Science Advances, mark a substantial advancement in memory technology.


						
With the exponential growth in data production and processing due to advancements in electronics and artificial intelligence (AI), the importance of data storage technologies has surged. NAND flash memory, one of the most prevalent technologies for mass data storage, can store more data in the same area by stacking cells in a three-dimensional structure rather than a planar one. However, this approach relies on charge traps to store data, which results in higher operating voltages and slower speeds.

Recently, hafnia-based ferroelectric memory has emerged as a promising next-generation memory technology. Hafnia (Hafnium oxide) enables ferroelectric memories to operate at low voltages and high speeds. However, a significant challenge has been the limited memory window for multilevel data storage.

Professor Jang-Sik Lee's team at POSTECH has addressed this issue by introducing new materials and a novel device structure. They enhanced the performance of hafnia-based memory devices by doping the ferroelectric materials with aluminum, creating high-performance ferroelectric thin films. Additionally, they replaced the conventional metal-ferroelectric-semiconductor (MFS) structure, where the metal and ferroelectric materials that make up the device are simply arranged, with an innovative metal-ferroelectric-metal-ferroelectric-semiconductor (MFMFS) structure.

The team successfully controlled the voltage across each layer by adjusting the capacitance of the ferroelectric layers, which involved fine-tuning factors such as the thickness and area ratio of the metal-to-metal and metal-to-channel ferroelectric layers. This efficient use of applied voltage to switch ferroelectric material improved the device's performance and reduced energy consumption.

Conventional hafnia-based ferroelectric devices typically have a memory window of around 2 volts (V). In contrast, the research team's device achieved a memory window exceeding 10 V, enabling Quad-Level Cell (QLC) technology, which stores 16 levels of data (4 bits) per unit transistor. It also demonstrated high stability after more than one million cycles and operated at voltages of 10 V or less, significantly lower than the 18 V required for NAND flash memory. Furthermore, the team's memory device exhibited stable characteristics in terms of data retention.

NAND flash memory programs its memory states using Incremental Step Pulse Programming (ISPP), which leads to long programming times and complex circuitry. In contrast, the team's device achieves rapid programming through one-shot programming by controlling ferroelectric polarization switching.

Professor Jang-Sik Lee of POSTECH commented, "We have laid the technological foundation for overcoming the limitations of existing memory devices and provided a new research direction for hafnia-based ferroelectric memory." He added, "Through follow-up research, we aim to develop low-power, high-speed, and high-density memory devices, contributing to solving power issues in data centers and artificial intelligence applications."

The research was conducted with the support from the Project for Next-generation Intelligent Semiconductor Technology Development of the Ministry of Science and ICT (National Research Foundation of Korea) and Samsung Electronics.
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Age is just a number: Immune cell 'epigenetic clock' ticks independently of organism lifespan | ScienceDaily
St. Jude researchers use epigenetic clock, DNA methylation and mouse model to demonstrate that T cell proliferation can stretch past organism lifespan and acuta lymphoblastic leukemia T cells appear hundreds of years old.


						
While most cell types experience a functional decline after years of proliferation and replication, T cells can proliferate seemingly indefinitely and without detriment. Scientists at St. Jude Children's Research Hospital and the University of Minnesota investigated the unique 'epigenetic clock' of T-cell aging, demonstrating that T cells can outlive an organism through at least four lifetimes. In addition, the researchers showed that healthy T cell age was uncoupled from the organism's chronologic age. Furthermore, they determined that malignant T cells from pediatric patients with T-cell acute lymphoblastic leukemia (T-ALL) appeared to have aged up to 200 years. The findings were published today in Nature Aging. 

As researchers explore the process of cellular aging through repeat replicative cycles of growth, some peculiar patterns have emerged regarding T cells. "The immune system by nature must mount a rapid proliferative response to a pathogen or a tumor," said co-corresponding author Ben Youngblood, PhD, St. Jude Department of Immunology. "And in some settings, such as endemic pathogens or chronic viral infections, this happens over and over again. That's a lot of proliferation that these T cells undergo in the lifespan of a human." This raised the question as to why, despite these accelerated rates of proliferation, this immune response doesn't trigger cancer development.

The answer lies in a T cell's unique ability to defy aging.

Epigenetic markers offer more accurate metrics for age

To study this phenomenon, the researchers made use of specific biomarkers known as epigenetic markers that accumulate over time. Like counting the rings on a tree stump in a forest, this 'epigenetic clock' tells a retrospective story about the life cycle of a cell independent of the organism itself. The accumulation of genetic mutations, the shortening of telomeres (the protective caps on chromosomes) and methylation patterns are currently regarded as the most accurate ways to interrogate the process of aging.

The researchers saw this as an ideal way to investigate the curious case of T-cell aging. "We started asking questions about what the hallmarks of aging are, specifically the epigenetic hallmarks, and how these can be applied to long-lived T cells," he said. "One of the big questions we had was whether these epigenetic clocks are bound by the lifespan of the organism or not."

Model shows T cells can outlive their origin organism




Through a collaboration with co-corresponding author David Masopust, PhD, University of Minnesota, the researchers found the perfect model to address their questions. This model used the same line of T cells through several mouse life cycles. "Dr. Masopust started this model assuming the cells would eventually decline, but they didn't, they just kept going," explains Youngblood. "This led to his foundational 10-year mouse study which we subsequently used to address whether organismal lifespan limits constrain epigenetic clocks."

Using this model and an epigenetic clock they developed for T cells, the researchers explored the DNA methylation patterns of T-cell lineage. They found that age is just a number, and death is not the end. "Humans don't live forever. But in this case, we could test that concept for T cells," Youngblood said. "Is there an end to an epigenetic clock? Does it plateau? And it didn't for up to four lifetimes, it just kept counting, which was incredible. These cells are not bound by the reasonable limits of organism lifespan."

Cancerous T cells appear hundreds of years old

Next, the researchers determined what happened under conditions of rapid and prolonged proliferation such as in cancer. The team interrogated the T cells of patients with pediatric T-ALL to investigate what happens to their epigenetic clock. "If epigenetic clocks were linked to the host's chronologic age, then you would expect the T cells from pediatric T-ALL patients to appear young in age," said co-corresponding author Caitlin Zebley, MD, PhD, St. Jude Department of Bone Marrow Transplantation & Cellular Therapy. "But our clock predicted these cells to be very old."

From an experiential perspective, the T cells of T-ALL patients appeared to range from 100 to 200 years old. "We think this was related to the fact that they were proliferating so rapidly," Zebley concluded. The T-ALL model offered invaluable insight into the aging process of leukemia cells. "We were able to use this as a subtraction model from all other programs in leukemia to identify ones that are associated with normal aging and proliferation versus ones that are distinct to leukemia," Youngblood said. "We gained a better idea of which epigenetic programs are associated with leukemia and which are just normal hyperproliferation and aging."

T-cell survival is vital to our survival

Considering how active our immune system is, T-cell survival is vital to our overall survival. "T-cells have so many opportunities to turn cancerous," Youngblood said, "But they can't, otherwise humanity wouldn't exist."




Youngblood, Zebley and Masopust are continuing to study the checks and balances that prevent T cells from undergoing malignant transformation. Through this work, potential therapies that halt, or even reverse, age-related impairments can begin to be considered.

Authors and funding

The study's first author is Tian Mi, St. Jude. The study's other authors are Shanta Alli, Tae Gun Kang, Anoop Babu Vasandan, Zhaoming Wang, Ilaria Iacobucci and Charles Mullighan, St. Jude; Andrew Soerens and Vaiva Vezys, University of Minnesota; Stephen Baylin, The Sidney Kimmel Comprehensive Cancer Institute at Johns Hopkins; Peter Jones, Van Andel Institute; and Christopher Hiner, April Mueller, and Harris Goldstein, Albert Einstein College of Medicine.

The study was supported by grants from the National Institutes of Health (R01AI114442, R01CA237311, U01AI144616, R01AI084913, R01AI146032, R01CA238439, R01AI172607, R01AI145024, K08CA279926), the National Comprehensive Cancer Network, Alex's Lemonade Stand Foundation, Stand Up to Cancer, the ASSISI Foundation, the Key for a Cure Foundation and ALSAC, the fundraising and awareness organization of St. Jude.
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Site new care homes near trees and away from busy roads to protect residents' lungs | ScienceDaily
To shield older residents from dangerous air pollution, new care homes should be built as far from heavy traffic as possible, according to a new study from the University of Surrey.


						
Researchers also found that trees planted between the homes and the road could significantly mitigate the impact of air pollution.

Professor Prashant Kumar, Director of Surrey's Global Centre for Clean Air Research (GCARE), said:

"Older adults in care settings can be especially vulnerable to poor quality air. Our study confirms that building care homes next to busy roads without adequate tree planting can significantly increase their exposure to deadly fine particle pollution.

"We hope planners will be able to use our findings to make sure care homes are built in safer locations -- striking the right balance between the convenience of urban living and better air quality."

Researchers studied three care homes in the Chinese city of Nanjing. They measured fine particle pollution (PM2.5) at various locations in and around the care homes.

They found that the amount of pollution inside the care home decreased exponentially, the further it was from the road.




Huaiwen Wu, a researcher at GCARE, said:

"Our study gives so many useful insights into where to build new care homes.

"For instance, there was a significant relationship between outdoor and indoor pollution. This tells us that bedrooms should be kept on the far side of the building where possible."

Professor Shi-Jie Cao, Visiting Professor at GCARE and Professor at the Southeast University, China, said:

"We also saw how pollution was highest during rush hour. Concentrations were higher during spells of lighter winds, and during colder seasons when more people are heating their homes.

"As such, care homes near busy roads could keep their windows closed more during those periods -- then open them afterwards to mitigate the accumulation of emissions."

The study is published in the journal Atmospheric Environment. 
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Cocaine trafficking threatens critical bird habitats | ScienceDaily
In addition to its human consequences, cocaine trafficking harms the environment and threatens habitats important to dozens of species of migratory birds, according to a new study.


						
Two-thirds of the areas that are most important to forest birds -- including 67 species of migratory birds that breed in the U.S. and Canada and overwinter in Central America -- are at increased risk from cocaine trafficking activities, according to the study, "Intersection of Narco-Trafficking, Enforcement and Bird Conservation in the Americas," published June 12 in Nature Sustainability.

"When drug traffickers are pushed into remote forested areas, they clear land to create landing strips, roads and cattle pastures," said lead author Amanda Rodewald, senior director of the Center for Avian Population Studies at the Cornell Lab of Ornithology. "Those activities -- and the counterdrug strategies that contribute to them -- can deforest landscapes and threaten species."

In the study, scientists from four universities, as well as the U.S. Fish and Wildlife Service, combined measures of various landscape characteristics and concentrations of migratory birds in Central America to highlight the unexpected connection between a pervasive social problem and biodiversity.

More than half of the global population of one in five migratory species inhabit areas that became more attractive to trafficking following peak law enforcement pressure, measured as the volume of cocaine seized. For example, 90% of the world's population of federally endangered golden-cheeked warblers and 70% of golden-winged warblers and Philadelphia vireos winter in those vulnerable landscapes.

The largest remaining forests in Central America, which are disproportionately inhabited by Indigenous people -- known as the Five Great Forests -- are seeing growing levels of cocaine trafficking.

"U.S. drug policy in Central America focuses on the supply side of the equation, and law-enforcement pressure plays a significant role in the movement of trafficking routes and locations of narco-deforestation," said co-author Nicholas Magliocca, associate professor at the University of Alabama. "After 40 years that approach has not worked. In fact, cocaine trafficking has only expanded and become a worldwide network. It used to be that cocaine was just passing through Central America, but now it's become a hub of global trans-shipment."

This study builds upon previous ethnographic and modeling work done by Magliocca and a core group of researchers examining land-use conditions and decisions made by the traffickers themselves based on perceived risk and profit.




"This research gives an even fuller accounting of the harms caused by drug trafficking and the way we currently go about fighting it," Magliocca said. "Adaptive behavior by the traffickers must be taken into consideration. You have to do more than reactively chase after the drug traffickers, who have nearly unlimited money and power in the region. No question it's a complex, fluid and dangerous situation."

"Incorporating measures that build capacity in local communities and governments to monitor and protect their forests, grow alternate forms of income, and resolve unclear land tenure would go a long way," Rodewald said. "Our study is a reminder that we can't address social problems in a vacuum because they can have unintended environmental consequences that undermine conservation."

This research was conducted by the Cornell Lab of Ornithology, University of Alabama, Ohio State University, Northern Arizona University, and the U.S. Fish & Wildlife Service with funding from the Cornell Lab of Ornithology, Cornell University and NASA.
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Humans are the elephant in the room where conservation is debated | ScienceDaily
Humans are outsized actors in the world's wild places where there are struggles to preserve and protect vital natural resources and animals, birds and plants. Yet people and their plus-sized footprint are rarely discussed in models seeking to predict and plan for trajectories of endangered species.


						
Sustainability scholars at Michigan State University in this week's journal Nature Ecology and Evolution reveal the decades-long gaps in research and propose a new way of creating accurate visions for endangered species.

To map and predict species geographic distributions around the globe and understand the factors that drive them, ecologists, conservation biologists and others use powerful computational tools called species distribution models (SDMs). These tools are used for conservation, understanding disease spread, food security, policy planning, and many other applications. To inform their predictions, scientists typically include the surrounding environment, such as climate and natural habitat.

But according to PhD candidate Veronica Frans, "we have a new reality that must be recognized if we want SDM predictions to be realistic and most helpful: we live in a human-dominated world."

Frans and her advisor Jianguo "Jack" Liu, Rachel Carson chair in sustainability and director of MSU's Center for Systems Integration and Sustainability, reviewed and synthesized 12,854 published studies covering over 58,000 species around the world, modeled across local to global spatial scales. They found that only 11 percent of those studies included human activities -- which Frans said doesn't reflect reality.

"Nearly half the articles projecting to future climates held human predictors constant over time," Frans said. "That's risking false optimism about the effects of human activities compared to climate change."

They also found how scientists have been considering the future: nearly half of the SDM studies predicting species distributions have used different future climate scenarios but left data related to human activities constant over time. This means that modelers trying to understand where species will be distributed in the next 50 to 100 years were assuming human activities, development, infrastructure, and other human pressures will not change in the future.




"In our current era, human influence is pervasive and human-species interactions are diversifying and amplifying, and yet it is not being well accounted for in one of the most popular modeling tools in ecology," Frans said.

They noted that modelers haven't had a choice in the matter: geographic data on future human development have been sparse.

"This is an important aspect we must work to improve, since nature and humans are tightly linked, not only locally, but also across long distances" Liu said. "They form metacoupled human and natural systems. We will only be able to make significant and swift progress toward global sustainability when we consider all aspects of our real world."

The article "Gaps and opportunities in modeling human influence on species distributions in the Anthropocene," was funded by the National Science Foundation and Michigan AgBioResearch.
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No bones about it: 100-million-year-old bones reveal new species of pterosaur | ScienceDaily
New Curtin University-led research has identified 100-million-year-old fossilised bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.


						
Unearthed in 2021 by Kronosaurus Korner museum curator Kevin Petersen, the fossilised remains have been found to belong to Haliskia peterseni, a new genus and species of anhanguerian pterosaur.

Based on the shape of its skull, arrangement of teeth and shape of the shoulder bone, a research team led by PhD student Adele Pentland, from Curtin's School of Earth and Planetary Sciences, identified the specimen as an anhanguerian, which is a group of pterosaurs known to have lived across the world, including in what is now Brazil, England, Morocco, China, Spain and the United States.

"With a wingspan of approximately 4.6m, Haliskia would have been a fearsome predator around 100 million years ago when much of central western Queensland was underwater, covered by a vast inland sea and globally positioned about where Victoria's southern coastline is today," Ms Pentland said.

"Careful preparation by Mr Petersen has provided the remains of the most complete specimen of an anhanguerian, and of any pterosaur, discovered in Australia to date.

"Haliskia is 22 per cent complete, making it more than twice as complete as the only other known partial pterosaur skeleton found in Australia.

"The specimen includes complete lower jaws, the tip of the upper jaw, 43 teeth, vertebrae, ribs, bones from both wings and part of a leg. Also present are very thin and delicate throat bones, indicating a muscular tongue, which helped during feeding on fish and cephalopods."

Haliskia peterseni joins several significant marine fossil specimens on display at Kronosaurus Korner, including Kronosaurus queenslandicus, the largest marine reptile with a skull at least 2.4m long, the most complete plesiosaur from Australia and bones from the plesiosaur Eromangasaurus and the ichthyosaur Platypterygius.

Mr Petersen said this latest discovery was an exciting boost for science, education and regional tourism.

"I'm thrilled that my discovery is a new species, as my passion lies in helping shape our modern knowledge of prehistoric species," Mr Petersen said.
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Uncovering the nature of emergent magnetic monopoles | ScienceDaily
Magnetic monopoles are elementary particles with isolated magnetic charges in three dimensions. In other words, they behave as isolated north or south poles of a magnet. Magnetic monopoles have attracted continuous research interest since physicist Paul Dirac's first proposal in 1931. However, real magnetic monopoles have not yet been observed and their existence remains an open question. On the other hand, scientists have discovered quasi-particles that mathematically behave as magnetic monopoles in condensed matter systems, resulting in interesting phenomena.


						
Recently, researchers discovered that a material called manganese germanide (MnGe) has a unique periodic structure, formed by special magnetic configurations called hedgehogs and antihedgehogs, which is called a magnetic hedgehog lattice. In these special configurations, the magnetic moments point radially outward (hedgehog) or inward (antihedgehog), resembling the spines of a hedgehog. These hedgehogs and antihedgehogs act like magnetic monopoles and antimonopoles, serving as sources or sinks of emergent magnetic fields. MnGe exhibits what is known as a triple-Q hedgehog lattice. However, recent experiments have shown that the substitution of Ge with Si (MnSi1-xGex) transforms the arrangement into the quadruple-Q hedgehog lattice (4Q-HL). This new arrangement, also found in the perovskite ferrite SrFeO3, provides a promising avenue for studying and controlling the properties of hedgehog lattices. Moreover, these magnetic monopoles can also induce electric fields through moving following Maxwell's laws of electromagnetism. To understand the resulting new physical phenomena, it is essential to study the inherent excitations of hedgehog lattices.

In a recent study, Professor Masahito Mochizuki and Ph.D. course student Rintaro Eto, both from the Department of Applied Physics at Waseda University, theoretically studied the collective excitation modes of 4Q-HLs in MnSi1-xGex and SrFeO3. "Our research clarified the unknown dynamical nature of emergent magnetic monopoles in magnetic materials for the first time. This can inspire future experiments on hedgehog-hosting materials with applications in electronic devices and for bridging particle physics and condensed-matter physics," says Mochizuki. Their study was published in the journal Physical Review Letters on 31 May 2024.

Utilizing the three-dimensional Kondo-lattice model, the researchers reproduced the two distinct 4Q-HLs found in MnSi1-xGexand SrFeO3 and analyzed their dynamical properties. They discovered that the 4Q-HLs have collective excitation modes associated with the oscillation of Dirac strings. A Dirac string is a theoretical concept in quantum mechanics which describes a string that connects a magnetic monopole and a magnetic antimonopole, in this case, a hedgehog and an antihedgehog. The researchers found that the number of these excitation modes depends on the number and configuration of Dirac strings, offering a way to experimentally determine the spatial configuration of hedgehogs and antihedgehogs and their unique topology in real magnets such as MnSi1-xGexand SrFeO3. This finding offers insights into the dynamics of hedgehog lattices in other magnets as well. Moreover, the finding enables us to switch on and off the excitation modes through controlling the presence or absence of the Dirac strings with external magnetic field.

Explaining the significance of their results, Eto remarks, "The collective spin excitation modes revealed in the study are elementary excitations that directly reflect the presence (or absence) of emergent magnetic monopoles. Thus, our findings will be a fundamental guideline for studying more detailed dynamical nature of emergent monopoles in magnetic materials in the future. Moreover, they might become the building blocks of novel field-switchable spintronic devices such as nano-sized power generators, light-voltage converters, and light/microwave filters based on emergent electromagnetism."

These discoveries have the potential to open new research avenues in fundamental physics and lead to the development of new technologies involving emergent magnetic monopoles in magnets.
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Are plants intelligent? It depends on the definition | ScienceDaily
Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?


						
The question is not easy to answer, but Andre Kessler, a chemical ecologist, makes an argument for plant intelligence in a recent paper in the journal Plant Signaling and Behavior.

"There are more than 70 definitions that are published for intelligence and there is no agreement on what it is, even within a given field," said Kessler, professor in the Department of Ecology and Evolutionary Biology in the College of Agriculture and Life Sciences.

Many people believe that intelligence requires a central nervous system, with electrical signals acting as the medium for processing information. Some plant biologists equate plant vascular systems with central nervous systems, and propose that some kind of centralized entity in the plant allows them to process information and respond. But Kessler firmly disagrees with that idea.

"There is no good evidence for any of the homologies with the nervous system, even though we clearly see electrical signaling in plants, but the question is how important is that signaling for a plant's ability to process environmental cues?" He said.

To make their argument for plant intelligence, Kessler and co-author Michael Mueller, a doctoral student in his lab, narrowed their definition down to the most basic elements: "The ability to solve problems, based on the information that you get from the environment, toward a particular goal," Kessler said.

As a case study, Kessler points to his earlier research investigating goldenrod and its responses when eaten by pests. When leaf beetle larvae eat goldenrod leaves, the plant emits a chemical that informs the insect that the plant is damaged and is a poor source of food. These airborne chemicals, called volatile organic compounds (VOCs), are also picked up by neighboring goldenrod plants, prompting them to produce their own defenses against the beetle larvae. In this way, goldenrod move herbivores on to neighbors, and distribute damage.




In a 2022 paper in the journal Plants, Kessler and co-author Alexander Chauta, Ph.D. '21, ran experiments to show that goldenrod can also perceive higher far-red light ratios reflected off leaves of neighboring plants. When neighbors are present and goldenrods are eaten by beetles, they invest more into tolerating the herbivore by growing faster yet also start producing defensive compounds that help the plants fight off insect pests. When no neighbors are present, the plants don't resort to accelerated growth when eaten and the chemical responses to herbivores are markedly different, though they still tolerate quite high amounts of herbivory.

"This would fit our definition of intelligence," Kessler said. "Depending on the information it receives from the environment, the plant changes its standard behavior."

Neighboring goldenrod also exhibit intelligence when they perceive VOCs that signal the presence of a pest. "The volatile emission coming from a neighbor is predictive of future herbivory," Kessler said. "They can use an environmental cue to predict a future situation, and then act on that."

Applying the concept of intelligence to plants can inspire fresh hypotheses about the mechanisms and functions of plant chemical communication, while also shifting people's thinking about what intelligence really means, Kessler said.

The latter idea is timely, as artificial intelligence is a current topic of interest. For example, he said, artificial intelligence doesn't solve problems toward a goal, at least not yet. "Artificial intelligence, by our definition of intelligence, is not even intelligent," he said. It is instead based on the patterns it identifies in information it can access.

An idea that interests Kessler came from mathematicians in the 1920s who proposed that perhaps plants functioned more like beehives. In this case, each cell operates like an individual bee, and the entire plant is analogous to a hive.




"What that means is, the brain in the plant is the entire plant without the need of central coordination," Kessler said.

Instead of electrical signaling, there is chemical signaling throughout the superorganism. Studies by other researchers have shown that every plant cell has broad light spectrum perception and sensory molecules to detect very specific volatile compounds coming from neighboring plants.

"They can smell out their environment very precisely; every single cell can do it, as far as we know," he said. Cells might be specialized, but they also all perceive the same things, and they communicate via chemical signaling to trigger a collective response in growth or metabolism. "That idea is very appealing to me," he said.

The paper was supported by a grant from the New Phytologist Fund.
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Nasal microbiota is potential diagnostic biomarker for sepsis | ScienceDaily
The nasal microbiota of intensive care unit (ICU) patients effectively distinguishes sepsis from non-septic cases and outperforms analyzing the gut microbiota to predict sepsis, according to a new study published in Microbiology Spectrum, a journal of the American Society for Microbiology.


						
"These findings have implications for the development of diagnostic strategies and advancements in critical care medicine," said corresponding study author Xiaolong He, M.D., Ph.D., a professor at the Microbiome Medicine Center, Department of Laboratory Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, Guangdong, China. "In the past, we have paid more attention to the intestinal microbiota of sepsis patients, and the respiratory microbiota also deserves our attention."

Sepsis is a severe illness with a high mortality rate between 29.9% to 57.5%. Despite the establishment of the third international consensus definition of sepsis and septic shock (Sepsis-3) in 2016, there are still many aspects of sepsis that warrant further exploration to improve its diagnosis. The evolution of the diagnostic criteria from Sepsis-1 to Sepsis-3 shows the need for continued investigation. Additionally, sepsis diagnostic criteria have shifted from focusing solely on the inflammatory response to also including organ failure caused by infection. While considerable progress has been made in the diagnosis of sepsis, no biological indicators with strong sensitivity and specificity have been identified. Furthermore, the low culture positivity rate and the presence of few culturable microorganisms limit the diagnosis of clinical sepsis. Therefore, the identification of a new, effective and reliable biomarker for sepsis has been a goal of researchers.

In the new study, researchers recruited 157 subjects (89 with sepsis) of both sexes at the affiliated hospital of Southern Medical University. They collected nasal swabs and fecal specimens from septic and non-septic patients in the ICU and Department of Respiratory and Critical Care Medicine. The scientists extracted and sequenced DNA using Illumina technology. Bioinformatics analysis, statistical processing, and machine learning techniques were used to differentiate between septic and non-septic patients.

He and colleagues discovered that nasal microbiota of septic patients exhibited significantly lower community richness (P=0.002) and distinct compositions (P=0.001) compared to non-septic patients. Corynebacterium, Staphylococcus, Acinetobacter and Pseudomonas were identified as enriched genera in the nasal microbiota of septic patients.

"Looking forward, we suggest the potential for further research, possibly through animal models or larger patient cohorts, to deepen our understanding of microbiota's role in sepsis beyond the antibiotic effect," He said.
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Boosting CAR-T cell therapies from under the skin | ScienceDaily
CAR-T cell therapies are transforming the treatment of previously incurable blood cancers. Six approved CAR-T products have been administered to more than 20,000 people, and more than 500 clinical trials are underway. However, according to a recent study out of the Massachusetts General Hospital, among 100 patients suffering from lymphomas, myelomas or B-cell acute lymphoblastic leukemias that were treated with CAR-T cell therapies, 24% only had partial responses, and 20% were not responsive at all -- and these are typical success rates for patients treated with CAR-T therapies.


						
CAR-T cells are created from a patient's own immune T cells by introducing so-called "chimeric antigen receptors" (CARs) to their molecular repertoires that enable them to seek out and kill specific cancer cells. Following their laborious and costly engineering and amplification outside the body, they are re-administered to the same patient as a living therapeutic.

Oncological researchers suspect that disappointing treatment results can be the result of several circumstances, including poor quality of the CAR-T cell products that are administered to patients, or the CAR-T cells not persisting sufficiently long in patients or becoming exhausted in their tumor-fighting abilities. New therapeutic strategies are urgently needed that can help overcome these shortcomings and further boost the quality and efficacy of CAR-T cells during their manufacturing or even in the patients' bodies.

Now, a research team at the Wyss Institute for Biologically Inspired Engineering at Harvard University and Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) has developed a simple intervention in the form of a biodegradable scaffold material that can be locally injected under the skin and used to restimulate CAR-T cells after their administration to increase their therapeutic efficacy. In mice that developed an aggressive blood tumor and were treated with a non-curative dose of CAR-T cells, the team's "T-cell enhancing scaffolds" (TES) significantly curbed tumor growth and prolonged the animals' survival. The improved therapeutic efficacy of the CAR-T cells was due to TES' ability to increase the numbers of CAR-T cells in the blood circulation, as well as steer their differentiation into tumor-killing subtypes of T cells. The findings are published in Nature Biomedical Engineering.

"Although our strategy needs to be translated to human needs and settings, it potentially offers a safe, and simple avenue on which to further improve CAR-T cell therapies in patients with poor responses," said Wyss Founding Core Faculty member David Mooney, Ph.D., who led the study. "It also could have future potential to simplify the extremely arduous and expensive manufacturing of CAR-T cell by transferring part of the process into patients' bodies." Mooney is also the Robert P. Pinkas Family Professor of Bioengineering at SEAS.

A number of CAR-T cell-stimulating approaches have been developed that, besides introducing CAR receptors, made other genetic modifications to patients' T cells to better maintain their therapeutic efficacies (cell-intrinsic) or that, inspired by vaccines, target other parts of the immune system to support CAR-T cells in their tumor cell attack (cell-extrinsic). However, most of them involve new challenges, including even more complex cell manipulations during CAR-T cell manufacturing and control of the resulting cells' behavior in the case of cell-intrinsic methods, or unintended side-effects in the body in the case of cell-extrinsic methods.

Creating a pseudo-lymph node under the skin

"Previously, our team had designed biomaterial scaffolds that enabled the expansion of T-cells for immunotherapies in a culture dish by mimicking antigen-presenting cells (APCs), which normally reprogram T-cells in lymph nodes by presenting tumor antigens to them. We hypothesized that this basic concept could also be applied to potently stimulate CAR-T cells in the body -- TES could essentially function as pseudo-lymph nodes," said co-first author David Zhang, who obtained his Ph.D. working in Mooney's group.




TES biomaterial scaffolds consist of tiny biodegradable mesoporous silica rods (MSRs) that self-assemble into a 3D, cell-permeable scaffold structures when injected under the skin, and connect themselves to the blood circulation via small blood vessels. TES are loaded with a soluble molecule known as interleukin-2 (IL-2), which is continuously released and stimulates the multiplication of T cells entering the TES from the blood circulation. In addition, the MSRs are coated with a double layer of lipids that mimics the outer cell membrane of an APC a T-cell would encounter in a lymph node. This lipid layer presents two antibody molecules, anti-CD3 and anti-CD28, to the T-cell receptor on the surface of T cells in a way similar to how APC-presented tumor antigens normally stimulate the receptors. This then induces the CAR-T cells to increase their numbers and differentiate into tumor-killing subtypes of T cells.

First, the researchers determined optimal anti-CD3:anti-CD28 antibody ratios and quantities in TES that helped recruit maximum numbers of cultured CAR-T cells and induce them to become "effector T-cells" with tumor cell-killing potential. When injected under the skin of mice, TES connected themselves with the animals' vasculature and remained traceable as vascularized nodules for more than three weeks. More than 60% of the cells permeating their porous network were neutrophils, a type of white blood cell that acts as the immune system's first line of defense, while a much smaller but significant proportion consisted of T cells that usually are part of delayed and much more target-specific tumor cell (or pathogen)-directed immune defenses.

The researchers think that "by causing some minor inflammation, TES scaffolds stimulate their vascularization and help attract certain classes of immune cells, which would add to the immune cells traveling passively through TES," said co-first Joshua Brockman, Ph.D., who was a Postdoctoral Fellow on Mooney's team and now is an Assistant Professor at the University of Wisconsin-Madison. "By removing the injected scaffolds again at different time points, culturing them with CAR-T cells, and measuring the cells' activation level, we were able to conclude that TES could stimulate CAR-T cells for at least seven days following their injection."

TESting in tumors

To test TES' potential as therapy boosters, the team used a clinically-relevant mouse model of human Burkitt's lymphoma, a blood cancer caused by B-cells becoming cancerous and impacting many organs. They first administered human lymphoma cells to the mice and then gave them a curative dose of CAR-T cells developed against this tumor before injecting TES under the skin of the animals. Importantly, TES that contained the full complement of IL-2, anti-CD3 and anti-CD28 factors, increased the numbers of circulating CAR-T cells more than five-fold over blank TES lacking the three factors, and more CAR-T cells had acquired a tumor cell-killing potential. When lower doses of CAR-T cells that were not sufficient to cure the cancer (subcurative doses) were used in otherwise the same settings, CAR-T cells multiplied even more.

"TES took up CAR-T cells into their porous structure, where they boosted their proliferation, activation, and differentiation, and eventually their exit into the blood stream to carry out their tumor-killing functions," summarized Zhang. "And, importantly, while lymphoma-bearing animals that received subcurative doses of CAR-T cells and blank TES succumbed quickly to the spreading cancer, animals injected with CAR-T cells plus fully functional TES survived for much longer."

Brockman added that "this aggressive lymphoma mouse model was an ideal tool to provide proof-of-concept. However, it corresponds to a cancer patient at late stages of the disease whose treatment requires a lot of cytotoxic T cell potential. In translating TES further toward human patients, even longer-lasting and more balanced approaches might be called for that also enhance the CAR-T cells' memory of tumors."




"This study by Dave Mooney's group demonstrates the power of using engineering to mimic multicellular interactions that are central to our immune system's ability to fight off cancers. This technology could go a long way in changing the lives of many cancer patients receiving CAR-T therapies who are not yet benefitting from them," said Wyss Founding Director Donald Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at Harvard Medical School and Boston Children's Hospital, and the Hansjorg Wyss Professor of Bioinspired Engineering at SEAS.

Other authors on the study are Kwasi Adu-Berchie, Yutong Liu, Yoav Binenbaum, Irene de Lazaro, Miguel Sobral, and Rea Tresa. The study was funded by the Wyss Institute at Harvard University, Food and Drug Administration (under award# 5F01FD006589), and National Institutes of Health (under award# 1R01EB015498, #R01 CA276459, and U01CA214369).
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An AI-powered wearable system tracks the 3D movement of smart pills in the gut | ScienceDaily
Scientists at the University of Southern California have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings. This work appears June 12 in the journal Cell Reports Physical Science.


						
"Ingestibles are like Fitbits for the gut," says author Yasser Khan, assistant professor of electrical and computer engineering at the University of Southern California. "But tracking them once swallowed has been a significant challenge."

Gas that is formed in the intestines when bacteria break down food can offer insights into a person's health. Currently, to measure GI tract gases, physicians either use direct methods such as flatus collection and intestinal tube collection, or indirect methods such as breath testing and stool analysis. Ingestible capsules -- devices that a user swallows -- offer a promising alternative, but no such technologies have been developed for precise gas sensing.

To tackle this problem, Khan and colleagues developed a system that includes a wearable coil, which the user can conceal under a t-shirt or other clothing. The coil creates a magnetic field, which interacts with sensors embedded in an ingestible pill after it has been swallowed. AI analyzes the signals the pill receives, pinpointing where the device is located in the gut within less than a few millimeters. In addition, the system monitors 3D real-time concentrations of ammonia, a proxy for a bacteria linked with ulcers and gastric cancer, via the device's optical gas-sensing membranes.

While previous attempts to track ingestibles as they journey through the gut have relied on bulky desktop coils, the wearable coil can be used anywhere, says Khan. The technology may also have other applications beyond measuring GI tract gases, such as identifying inflammation in the gut caused by Crohn's disease and delivering drugs to precisely these regions.

The researchers tested the system's performance in a variety of mediums that mimic the GI tract, including a simulated cow intestine and liquids designed to replicate stomach and intestinal fluids.

"During these tests, the device demonstrated its ability to pinpoint its location and measure levels of oxygen and ammonia gases," says Khan. "Any ingestible device can utilize the technology we've developed."

However, there are still improvements to be made to the device, says Khan, such as designing it to be smaller and to use less power. Next, as they continue to hone the device, Khan and colleagues plan to test it in pigs in order to study its safety and effectiveness in an organism with human-like biology.

"Successful outcomes from these trials will bring the device nearer to readiness for human clinical trials," says Khan. "We are optimistic about the practicality of the system and believe it will soon be applicable for use in humans."
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Study shows role of fathers in seeding the microbiota of newborns and confirms benefits of maternal fecal microbiota transplants | ScienceDaily
A mother's contribution to the makeup of a newborn baby's microbiota has been well documented. Now a new paper published June 12 in Cell Host & Microbe shows the important contributions that fathers make to the composition of microorganisms colonizing a baby's gut as well. Furthermore, the study confirmed that maternal fecal microbiota transfer (FMT) in babies born by caesarean section can help to correct the microbiota disturbances often observed in babies who are not born vaginally.


						
Fetuses have sterile gastrointestinal tracts, and babies' bodies are colonized during and shortly after birth. About half of the strains found in infants' bodies can be traced to the maternal gut. This led the researchers to hypothesize that other people who have close contact with the infant could contribute to the rest, providing a stable source of microbial strains associated with good health.

"This study provides significant insight into how a newborn is colonized," says lead author Willem M. de Vos, of Wageningen University and the University of Helsinki. "The role of the father may be small, but it is not to be neglected. It is likely that the same holds for others who have close contact with the newborn."

"We are very happy to have found this connection," says co-author Nicola Segata of the University of Trento in Italy. "This highlights the importance of studying other microbial contributions as well, such as those from siblings and from daycare peers." Segata's group provided computational analysis, while de Vos's group designed the study.

Inspired by his own experiences as a parent, for many years de Vos has studied the microbiota of infants and how babies' gastrointestinal tracts become colonized after birth. In October 2020, he and colleagues published a proof-of-concept study in Cellthat confirmed exposing caesarian-born newborns to their mother's microbiota just after birth was both safe and effective at giving the babies a microbial makeup that looks more similar to babies born vaginally. The babies were fed a small amount of their mothers' fecal microbiota shortly after birth.

This new paper provides follow-up data on that study as well as new research looking at the contributions of fathers to infants' microbial makeups. The authors say that because caesarian births now account for about one-quarter of births worldwide, there should be an increased focus on creating a healthy balance of gut microbiota in these infants.

The investigators performed metagenomic analysis of fecal samples from newborns and their parents. They looked for the presence of a wide range of bacterial strains over time. For the babies who were part of the earlier study, they confirmed through follow-up analysis that maternal FMT reduced the levels of potential pathogenetic bacterial strains significantly for up to a year.




For the newer study, they compared the fecal microbiomes of 73 infants; 21 were born by caesarian section and 52 were born vaginally. They longitudinally collected samples for over a year and compared the microbiota of the babies to those of both their mothers and fathers. The researchers discovered that many of the strains found in the babies at 3 weeks, 3 months, and 12 months originated in the father, not in the mother. These include Bifidobacterium longum strains, which are known to utilize mother's milk oligosaccharides but counterintuitively may originate from the father rather than the mother.

"Knowing that the father substantially contributes to a baby's developing microbiome underlies the important role of physical and social interactions between the newborn and their father, as well as with other family members," Segata says. "We hope this study will help to create awareness of those important contributions."

The investigators in Helsinki have completed another maternal FMT trial, this one a double-blind placebo-controlled trial in babies born by caesarian (trial NCT04173208). They are now conducting long-term follow-up with those infants, studying not only the microbiome but many other health and immune functions.

Another study also published June 12 in Cell Host & Microbe by some of the same authors shows that where an infant is born -- whether at home or at a hospital -- affects transmission of gut microbiota as well. Birth location affects the timing of transmission, except for Bifidobacterium longum, which are transmitted consistently regardless of the setting.

This work was supported by the Netherlands Organization for Scientific Research, Business Finland, the Academy of Finland, the European Research Council, EMBO, the European H2020 programme, the National Cancer Institute of the National Institutes of Health, and the Premio Internazionale Lombardia e Ricerca 2019.
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AI-powered simulation training improves human performance in robotic exoskeletons | ScienceDaily
Researchers at North Carolina State University have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.


						
"This work proposes and demonstrates a new machine-learning framework that bridges the gap between simulation and reality to autonomously control wearable robots to improve mobility and health of humans," says Hao Su, corresponding author of a paper on the work which will be published June 12 in the journal Nature.

"Exoskeletons have enormous potential to improve human locomotive performance," says Su, who is an associate professor of mechanical and aerospace engineering at North Carolina State University. "However, their development and broad dissemination are limited by the requirement for lengthy human tests and handcrafted control laws.

"The key idea here is that the embodied AI in a portable exoskeleton is learning how to help people walk, run or climb in a computer simulation, without requiring any experiments," says Su.

Specifically, the researchers focused on improving autonomous control of embodied AI systems -- which are systems where an AI program is integrated into a physical robot technology. This work focused on teaching robotic exoskeletons how to assist able-bodied people with various movements. Normally, users have to spend hours "training" an exoskeleton so that the technology knows how much force is needed -- and when to apply that force -- to help users walk, run or climb stairs. The new method allows users to utilize the exoskeletons immediately.

"This work is essentially making science fiction reality -- allowing people to burn less energy while conducting a variety of tasks," says Su.

"We have developed a way to train and control wearable robots to directly benefit humans," says Shuzhen Luo, first author of the paper and a former postdoctoral researcher at NC State. Luo is now an assistant professor at Embry-Riddle Aeronautical University.




For example, in testing with human subjects, the researchers found that study participants used 24.3% less metabolic energy when walking in the robotic exoskeleton than without the exoskeleton. Participants used 13.1% less energy when running in the exoskeleton, and 15.4% less energy when climbing stairs.

"It's important to note that these energy reductions are comparing the performance of the robotic exoskeleton to that of a user who is not wearing an exoskeleton," Su says. "That means it's a true measure of how much energy the exoskeleton saves."

While this study focused on the researchers' work with able-bodied people, the new method also applies to robotic exoskeleton applications aimed at helping people with mobility impairments.

"Our framework may offer a generalizable and scalable strategy for the rapid development and widespread adoption of a variety of assistive robots for both able-bodied and mobility-impaired individuals," Su says.

"We are in the early stages of testing the new method's performance in robotic exoskeletons being used by older adults and people with neurological conditions, such as cerebral palsy. And we are also interested in exploring how the method could improve the performance of robotic prosthetic devices for amputee populations."

This research was done with support from the National Science Foundation under awards 1944655 and 2026622; the National Institute on Disability, Independent Living, and Rehabilitation Research, under award 90DPGE0019 and Switzer Research Fellowship SFGE22000372; and the National Institutes of Health, under award 1R01EB035404.

Shuzhen Luo and Hao Su are co-inventors on intellectual property related to the controller discussed in this work. Su is also a co-founder of, and has a financial interest in, Picasso Intelligence, LLC, which develops exoskeletons.
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New technique reveals earliest signs of genetic mutations | ScienceDaily
Mutations are changes in the molecular "letters" that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.


						
The study authors say their technique -- HiDEF-seq, short for Hairpin Duplex Enhanced Fidelity Sequencing -- could advance our understanding of the basic causes of mutations, in both healthy cells and in cancer, and how genetic changes naturally accumulate in human cells as people age.

Led by a team of researchers at NYU Langone Health, with collaborators across North America and in Denmark, the work helps to resolve the earliest steps in how mutations occur in DNA.

The new study is based on the understanding that DNA is made up of two strands of molecular letters, or bases. Each strand is composed of four types of letters: adenine (A), thymine (T), guanine (G), and cytosine (C). The bases of each strand pair with bases in the other strand in a specific pattern, with As pairing with Ts and Gs pairing with Cs. This allows the DNA code to be replicated and passed down accurately from one generation of cells to the next. Importantly, mutations are changes in the DNA code that are present in both strands of DNA. For example, a base pair of G and C, with a G on one strand paired with a C on the other strand, can mutate to an A and T base pair.

However, researchers say, most mutations have their origins in DNA changes that are present in only one of the two DNA strands, and these single-strand changes, such as a mismatched G and T base pair, cannot be accurately identified using previous testing techniques. These changes can occur when a DNA strand is not copied correctly during replication, as a cell divides into two cells, or when one of the two DNA strands is damaged by heat or by other chemicals in the body. If these single-strand DNA changes are not repaired by the cell, then the changes are at risk of becoming permanent double-strand mutations.

Publishing in the journal Nature online June 12, the HiDEF-seq technique was shown to detect double-strand mutations with extremely high accuracy, with an estimate of one recording error per 100 trillion base pairs analyzed. Moreover, HiDEF-seq detected changes in the DNA letter code while they were present on just one of the two strands of DNA, before they become permanent double-strand mutations.

"Our new HiDEF-seq sequencing technique allows us to see the earliest fingerprints of molecular changes in DNA when the changes are only in single strands of DNA," said senior study author Gilad Evrony, MD, PhD, a core member of the Center for Human Genetics & Genomics at NYU Grossman School of Medicine.




Because people with genetic syndromes linked to cancer are known to have higher rates of mutations in their cells than cells in people with no cancer predisposition, researchers began their experiments by describing the DNA changes in healthy cells from people with these syndromes. Specifically, investigators worked with healthy cells from people with polymerase proofreading-associated polyposis (PPAP), a hereditary condition linked to an increased risk for colorectal cancer, and congenital mismatch repair deficiency (CMMRD), another hereditary condition that increases the likelihood of several cancers in children.

Using HiDEF-seq, researchers found a higher number of single-strand DNA changes in their cells, such as a T paired with a C in place of the original G paired with a C, than in the cells from people who did not have either syndrome. Moreover, the pattern of these single-strand changes was similar to the pattern observed in the double-strand DNA mutations for people with either syndrome.

Subsequent experiments were performed in human sperm, which are known to have among the lowest double-strand mutation rates of any human cell type. Researchers found that the pattern of chemical damage, called cytosine deamination, observed by HiDEF-seq in single stands of DNA in sperm, closely matched the damage observed in blood DNA intentionally damaged by heat. This, the researchers say, suggests that the two patterns of chemical damage to DNA, one natural and the other induced, occur through a similar process.

"Our study lays the foundation for using the HiDEF-seq technique in future experiments to transform our understanding of how DNA damage and mutations arise," said Evrony, who is also an assistant professor in the Department of Pediatrics and the Department of Neuroscience and Physiology at NYU Grossman School of Medicine. Single-strand changes in DNA occur continually as cells divide and multiply, and while layers of repair mechanisms fix most changes, some get through and become mutations.

"Our long-term goal is to use HiDEF-seq to create a comprehensive catalogue of single-strand DNA mismatch and damage patterns that will help explain the known double-strand mutation patterns," said Evrony. "In the future, we hope to combine profiling of single-strand DNA lesions, as obtained from HiDEF-seq, with the lesions' resulting double-strand mutations to better understand and monitor the everyday effects on DNA from environmental exposures."

Geneticists estimate that there are approximately 12 billion bases or individual DNA letters that can be damaged or mismatched in each human cell, as there are two copies of the genetic code, with one copy inherited from each parent. Each of these copies comprisea double-stranded DNA spanning 3 billion base pairs. Evrony says that every base position in the genetic code is likely damaged or mutated at some point during an individual's lifetime in at least some cells.




Funding for the study was provided by National Institutes of Health grants UG3NS132024, R21HD105910, DP5OD028158, T32AG052909, F32AG076287, and P30CA016087. Additional funding support was provided by the Sontag Foundation, the Pew Foundation, and the Jacob Goldfield Foundation.

Evrony and NYU have a patent application pending on the HiDEF-seq method.

Evrony owns equity in DNA-sequencing companies Illumina, Pacific Biosciences, and Oxford Nanopore Technologies, some of whose products were adapted for use in this study. All of these arrangements are being managed in accordance with the policies and practices of NYU Langone Health.

Besides Evrony, other NYU Langone researchers involved in this study are co-lead authors Mei-Hong Liu and Benjamin Costa, and co-authors Emilia Bianchini, Una Choi, Rachel Bandler, Marta Gronska-Peski, Adam Schwing, Zachary Murphy, Caitlin Loh, and Tina Truong. Other study co-investigators include Emilie Lassen, Daniel Rosenkjaer, Anne-Bine Skytte, at the Cryos International Sperm and Egg Bank in Copenhagen, Denmark; Shany Picciotto and Jonathan Shoag, at Case Western Reserve University in Cleveland, Ohio; Vanessa Bianchi, Lucie Stengs, Melissa Edwards, Nuno Miguel Nunes, and Uri Tabori, at The Hospital for Sick Children in Toronto, Canada; Randall Brand, at the University of Pittsburgh in Pennsylvania; Tomi Pastinen, at Children's Mercy Kansas City in Missouri; and Richard Wagner, at the Universite de Sherbrooke in Canada.
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Origin and spread of malaria | ScienceDaily
Malaria, one of the world's deadliest infectious diseases, is caused by several species of single-celled parasites that are transmitted via the bite of infected Anopheles mosquitoes. Despite major control and eradication efforts, nearly half of the world's population still lives in regions where they are at risk of contracting malaria, and the World Health Organization estimates that malaria causes nearly 250 million infections and more than 600,000 deaths each year.


						
Beyond this massive modern impact, malaria has strongly shaped our human evolutionary history. "Although largely a tropical disease today, only a century ago the pathogen's range covered half the world's land surface, including parts of the northern USA, southern Canada, Scandinavia, and Siberia," says lead author Megan Michel, a doctoral researcher at the Max Planck-Harvard Research Center for the a research collaboration between the Max Planck Institute for Evolutionary Anthropology (MPI-EVA) and the Initiative for the Science of the Human Past at Harvard University. "Malaria's legacy is written in our very genomes: genetic variants responsible for devastating blood disorders such as sickle cell disease are thought to persist in human populations because they confer partial resistance to malaria infection."

Despite this evolutionary impact, the origins and spread of the two deadliest species of malaria parasites, Plasmodium falciparum and Plasmodium vivax, remain shrouded in mystery. Malaria infections leave no clear visible traces in human skeletal remains, and scant references in historical texts can be difficult to decipher. However, recent advances in the ancient DNA field have revealed that human teeth can preserve traces of pathogens present in a person's blood at the time of death, providing an opportunity to study illnesses that are normally invisible in the archaeological record.

To explore malaria's enigmatic history, an international team of researchers representing 80 institutions and 21 countries reconstructed ancient Plasmodium genome-wide data from 36 malaria-infected individuals spanning 5,500 years of human history on five continents. These ancient malaria cases provide an unprecedented opportunity to reconstruct the worldwide spread of malaria and its historical impact at global, regional, and even individual scales.

Following biomolecular breadcrumbs in the Americas

Malaria is endemic in tropical regions of the Americas today, and scientists have long debated whether P. vivax, a malaria species adapted to survive in temperate climates, may have arrived via the Bering Strait with the peopling of the continent or traveled in the wake of European colonization. To track the parasites' journey into the Americas, the team analyzed ancientDNA from a malaria-infected individual from Laguna de los Condores, a high-altitude site situated in the remote cloud forests of the eastern Peruvian Andes. Genomic analysis revealed remarkable similarity between the Laguna de los Condores P. vivax strain and ancient European P. vivax, strongly suggesting that European colonizers spread this species to the Americas within the first century or so after contact. "Amplified by the effects of warfare, enslavement, and population displacement, infectious diseases, including malaria, devastated Indigenous peoples of the Americas during the colonial period, with mortality rates as high as 90 percent in some places," says coauthor Evelyn Guevara, a postdoctoral researcher at the University of Helsinki and the MPI-EVA.

Remarkably, the team also uncovered genetic links between the Laguna de los Condores strain and modern Peruvian P. vivax populations 400 to 500 years later. "In addition to showing that malaria spread rapidly into what is a relatively remote region today, our data suggest that the pathogen thrived there, establishing an endemic focus and giving rise to parasites that are still infecting people in Peru today," says co-author Eirini Skourtanioti, postdoctoral researcher at MPI-EVA and MHAAM.




Malaria on the march in Europe

While the role of colonialism in the spread of malaria is evident in the Americas, the team uncovered military activities that shaped the regional spread of malaria on the other side of the Atlantic. The cemetery at the Gothic cathedral of St. Rombout's in Mechelen, Belgium was located adjacent to the first permanent military hospital (1567-1715 CE) in early modern Europe. Ancient human and pathogen DNA identified local cases of P. vivax among the general population buried before the construction of the military hospital, while individuals buried after its construction included cases of the more virulent P. falciparum malaria. "Most interestingly, we observe more cases of malaria in non-local male individuals from the military hospital period," explains co-author Federica Pierini, postdoctoral researcher at the MPI-EVA. "We also identified several individuals infected with P. falciparum, a species that thrived in Mediterranean climates before eradication but was not thought to be endemic north of the Alps during this period."

These virulent cases were found in non-local male individuals of diverse Mediterranean origins, who were likely soldiers recruited from northern Italy, Spain, and other Mediterranean regions to fight in the Hapsburg Army of Flanders during the 80 Years' War. "We find that the large-scale troop movements played an important role in the spread of malaria during this period, similar to cases of so-called airport malaria in temperate Europe today," explains Alexander Herbig, Group Leader of Computational Pathogenomics at the MPI-EVA. "In our globalized world, infected travelers carry Plasmodium parasites back to regions where malaria is now eradicated, and mosquitoes capable of transmitting these parasites can even lead to cases of ongoing local transmission. Although the landscape of malaria infection in Europe is radically different today than it was 500 years ago, we see parallels in the ways in which human mobility shapes malaria risk."

Himalayan trade and a surprising high-altitude infection

On the other side of the world, the team unexpectedly identified the earliest known case of P. falciparum malaria at the high Himalayan site of Chokhopani (ca. 800 BCE), located along the Kali Gandaki River Valley in the Mustang District of Nepal. At 2800 meters above sea level, the site lies far outside the habitat range for both the malaria parasite and the Anopheles mosquito. "The region surrounding Chokhopani is cold and quite dry," said co-author Christina Warinner, Associate Professor of Anthropology at Harvard University and Group Leader at the MPI-EVA. "Neither the parasite nor the mosquitoes capable of transmitting malaria can survive at this altitude. For us this raised a key question: how did the Chokhopani individual acquire the malaria infection that may have ultimately led to his death?"

Human genetic analysis revealed that the infected individual was a local male with genetic adaptations for life at high altitude. However, archaeological evidence at Chokhopani and other nearby sites suggests that these Himalayan populations were actively engaged in long-distance trade. "We think of these regions today as remote and inaccessible, but in fact the Kali Gandaki River Valley served as a kind of trans-Himalayan highway connecting people on the Tibetan Plateau with the Indian subcontinent," says co-author Mark Aldenderfer, Distinguished Professor Emeritus at the University of California, Merced, whose excavations in the region have revealed its long-distance trade connections. "Copper artifacts recovered from Chokhopani's burial chambers prove that the ancient inhabitants of Mustang were part of larger exchange networks that included northern India, and you don't have to travel very far to reach the low-lying, poorly drained regions of the Nepalese and Indian Terai where malaria is endemic today." The team believes that the man likely traveled to a lower-altitude malaria-endemic region, possibly for trade or other purposes, before returning or being brought back to Chokhopani, where he was later buried. The intimate details revealed by ancient DNA give clues to the myriad ways that infectious diseases like malaria spread in the past, giving rise to our current disease landscape.

Past and future of a dynamic disease

Today, the human experience of malaria is at a crossroads. Thanks to advances in mosquito control and concerted public health campaigns, malaria deaths reached an all-time low in the 2010s. However, the emergence of antimalarial drug-resistant parasites and insecticide-resistant vectors threatens to reverse decades of progress, while climate change and environmental destruction are making new regions vulnerable to malaria vector species. The team hopes that ancient DNA may provide an additional tool for understanding and even combating this public health threat.

"For the first time, we are able to explore the ancient diversity of parasites from regions like Europe, where malaria is now eradicated," says senior author Johannes Krause, Director of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology. "We see how mobility and population displacement spread malaria in the past, just as modern globalization makes malaria-free countries and regions vulnerable to reintroduction today. We hope that studying ancient diseases like malaria will provide a new window into understanding these organisms that continue to shape the world we live in today."
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Ritual sacrifice at Chichen Itza | ScienceDaily
Rising to power in the wake of the Classic Maya collapse, Chichen Itza was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. In a new study in Nature, researchers discover a practice of ritual child sacrifice focused exclusively on males. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh. Further comparison to Maya populations today reveals the genetic impact of colonial-era epidemics.


						
Located in the heart of Mexico's Yucatan peninsula, the ancient Maya city of Chichen Itza is one of North America's most iconic and enigmatic archaeological sites. It rose to power in the aftermath of the Classic Maya collapse and was a populous and powerful political center in the centuries preceding the arrival of the Spanish. Chichen Itza's influence extended throughout the Maya region and deep into the heart of Central Mexico. Famed for its monumental architecture, including more than a dozen ballcourts and numerous temples, among them the massive temple of El Castillo adorned with feathered serpents, it has been under archaeological investigation for more than a century.

Chichen Itza is perhaps best known for its extensive evidence of ritual killing, which includes both the physical remains of sacrificed individuals and representations in monumental art. The controversial dredging of the site's Sacred Cenote in the early 20th century identified the remains of hundreds of individuals, and a full-scale stone representation of a massive tzompantli (skull rack) in the site's core point to the centrality of sacrifice within the ritual life at Chichen Itza. Despite its notoriety, however, the role and context of ritual killing at the site remain poorly understood.

A large proportion of sacrificed individuals at the site are children and adolescents. Although there is a widespread belief that females were the primary focus of sacrifice at the site, sex is difficult to determine from juvenile skeletal remains by physical examination alone, and more recent anatomical analyses suggest that many of the older juveniles may in fact be male. In 1967, a subterranean chamber was discovered near the Sacred Cenote that contained the scattered remains of more than a hundred young children. The chamber, which was likely a repurposed chultun (water cistern), had been enlarged to connect to a small cave. Among the ancient Maya, caves, cenotes (natural sinkholes), and chultuns have long been associated with child sacrifice, and such subterranean features were widely viewed as connection points to the underworld.

To better understand ritual life and the context of child sacrifice at Chichen Itza, an international team of researchers from institutions including the Max Planck Institutes for Evolutionary Anthropology (MPI-EVA, Leipzig) and Geoanthropology (MPI-GEA, Jena), the National School of Anthropology and History (ENAH, Mexico City), the National Institute of Anthropology and History (INAH-Yucatan, Merida), and Harvard University (Cambridge) conducted an in-depth genetic investigation of the remains of 64 children ritually interred within the chutun at Chichen Itza.

A ritual sacrifice focused on males and close kin

Dating of the remains revealed that the chultun was used for mortuary purposes for more than 500 years, from the 7th to 12th centuries AD, but that most of the children were interred during the 200-year period of Chichen Itza's political apex between 800 to 1,000 AD. Unexpectedly, genetic analysis revealed that all 64 tested individuals were male. Further genetic analysis revealed that the children had been drawn from local Maya populations, and that at least a quarter of the children were closely related to at least one other child in the chultun. These young relatives had consumed similar diets, suggesting they were raised in the same household. "Our findings showcase remarkably similar dietary patterns among individuals exhibiting a first- or second-degree familial connection," says co-author Patxi Perez-Ramallo, postdoctoral researcher at the Department of Archaeology and Cultural History, NTNU University Museum, Trondheim, Norway and the MPI-GEA.




"Most surprisingly, we identified two pairs of identical twins," says Kathrin Nagele, co-author and group leader at the MPI-EVA. "We can say this with certainty because our sampling strategy ensured we would not duplicate individuals." Taken together, the findings indicate that related male children were likely being selected in pairs for ritual activities associated with the chultun.

"The similar ages and diets of the male children, their close genetic relatedness, and the fact that they were interred in the same place for more than 200 years point to the chultun as a post-sacrificial burial site, with the sacrificed individuals having been selected for a specific reason," says Oana Del Castillo-Chavez, co-author and researcher in the Physical Anthropology Section at the Centro INAH Yucatan.

Connections to the Popol Vuh

Twins hold a special place in the origin stories and spiritual life of the ancient Maya. Twin sacrifice is a central theme in the sacred K'iche' Mayan Book of Council, known as the Popol Vuh, a colonial-era book whose antecedents can be traced back more than 2,000 years in the Maya region. In the Popol Vuh, the twins Hun Hunahpu and Vucub Hunahpu descend into the underworld and are sacrificed by the gods following defeat in a ballgame. The twin sons of Hun Hunahpu, known as the Hero Twins Hunahpu and Xbalanque, then go on to avenge their father and uncle by undergoing repeated cycles of sacrifice and resurrection in order to outwit the gods of the underworld. The Hero Twins and their adventures are amply represented in Classic Maya art, and because subterranean structures were viewed as entrances to the underworld, the interment of twins and pairs of close kin within the chultun at Chichen Itza may recall rituals involving the Hero Twins.

"Early 20th century accounts falsely popularized lurid tales of young women and girls being sacrificed at the site," says Christina Warinner, John L. Loeb Associate Professor of the Social Sciences and Anthropology at Harvard University and a group leader at the MPI-EVA. "This study, conducted as a close international collaboration, turns that story on its head and reveals the deep connections between ritual sacrifice and the cycles of human death and rebirth described in sacred Maya texts."

The enduring genetic legacy of colonial epidemics

The detailed genetic information obtained at Chichen Itza has also allowed researchers to investigate another major outstanding question in Mesoamerica: the long-term genetic impact of colonial-era epidemics on Indigenous populations. Working closely with residents of the local Maya community of Tixcacaltuyub, researchers found evidence of genetic positive selection in immunity-related genes, and specifically selection for genetic variants that are protective against Salmonella infection. During the 16th century in Mexico, wars, famines, and epidemics caused a population decline as high as 90 percent, and among the most serious epidemics was the 1545 cocoliztli epidemic, recently identified as being caused by the pathogen Salmonella enterica Paratyphi C.

"The present-day Maya carry the genetic scars of these colonial-era epidemics," says lead author Rodrigo Barquera, immunogeneticist and postdoctoral researcher at the MPI-EVA. "Multiple lines of evidence point to specific genetic changes in the immune genes of present-day Mexicans of Indigenous and mixed-ancestry descent that are linked to enhanced resistance to Salmonella enterica infection."

The study of ancient DNA is increasingly allowing more detailed and complex questions to be asked about the past. "The new information gained from ancient DNA has not only allowed us to dispel outdated hypotheses and assumptions and to gain new insights into the biological consequences of past events, it has given us a glimpse into the cultural lives of the ancient Maya," says senior author Johannes Krause, Director of the Department of Archaeogenetics at the MPI-EVA. Such studies also empower Indigenous researchers to shape narratives of the past and set priorities for the future. "It is significant to me as a research professor of indigenous origin that I can contribute to the construction of knowledge," says Maria Ermila Moo-Mezeta, Mayan co-author of the study and researcher at the Autonomous University of Yucatan (UADY). "I consider the preservation of the historical memory of the Mayan people to be important."
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Just thinking about a location activates mental maps in the brain | ScienceDaily
As you travel your usual route to work or the grocery store, your brain engages cognitive maps stored in your hippocampus and entorhinal cortex. These maps store information about paths you have taken and locations you have been to before, so you can navigate whenever you go there.


						
New research from MIT has found that such mental maps also are created and activated when you merely think about sequences of experiences, in the absence of any physical movement or sensory input. In an animal study, the researchers found that the entorhinal cortex harbors a cognitive map of what animals experience while they use a joystick to browse through a sequence of images. These cognitive maps are then activated when thinking about these sequences, even when the images are not visible.

This is the first study to show the cellular basis of mental simulation and imagination in a nonspatial domain through activation of a cognitive map in the entorhinal cortex.

"These cognitive maps are being recruited to perform mental navigation, without any sensory input or motor output. We are able to see a signature of this map presenting itself as the animal is going through these experiences mentally," says Mehrdad Jazayeri, an associate professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, and the senior author of the study.

McGovern Institute Research Scientist Sujaya Neupane is the lead author of the paper, which will appear in Nature. Ila Fiete, a professor of brain and cognitive sciences at MIT, a member of MIT's McGovern Institute for Brain Research, director of the K. Lisa Yang Integrative Computational Neuroscience Center, is also an author of the paper.

Mental maps

A great deal of work in animal models and humans has shown that representations of physical locations are stored in the hippocampus, a small seahorse-shaped structure, and the nearby entorhinal cortex. These representations are activated whenever an animal moves through a space that it has been in before, just before it traverses the space, or when it is asleep.




"Most prior studies have focused on how these areas reflect the structures and the details of the environment as an animal moves physically through space," Jazayeri says. "When an animal moves in a room, its sensory experiences are nicely encoded by the activity of neurons in the hippocampus and entorhinal cortex."

In the new study, Jazayeri and his colleagues wanted to explore whether these cognitive maps are also built and then used during purely mental run-throughs or imagining of movement through nonspatial domains.

To explore that possibility, the researchers trained animals to use a joystick to trace a path through a sequence of images ("landmarks") spaced at regular temporal intervals. During the training, the animals were shown only a subset of pairs of images but not all the pairs. Once the animals had learned to navigate through the training pairs, the researchers tested if animals could handle the new pairs they had never seen before.

One possibility is that animals do not learn a cognitive map of the sequence, and instead solve the task using a memorization strategy. If so, they would be expected to struggle with the new pairs. Instead, if the animals were to rely on a cognitive map, they should be able to generalize their knowledge to the new pairs.

"The results were unequivocal," Jazayeri says. "Animals were able to mentally navigate between the new pairs of images from the very first time they were tested. This finding provided strong behavioral evidence for the presence of a cognitive map. But how does the brain establish such a map?"

To address this question, the researchers recorded from single neurons in the entorhinal cortex as the animals performed this task. Neural responses had a striking feature: As the animals used the joystick to navigate between two landmarks, neurons featured distinctive bumps of activity associated with the mental representation of the intervening landmarks.




"The brain goes through these bumps of activity at the expected time when the intervening images would have passed by the animal's eyes, which they never did," Jazayeri says. "And the timing between these bumps, critically, was exactly the timing that the animal would have expected to reach each of those, which in this case was 0.65 seconds."

The researchers also showed that the speed of the mental simulation was related to the animals' performance on the task: When they were a little late or early in completing the task, their brain activity showed a corresponding change in timing. The researchers also found evidence that the mental representations in the entorhinal cortex don't encode specific visual features of the images, but rather the ordinal arrangement of the landmarks.

A model of learning

To further explore how these cognitive maps may work, the researchers built a computational model to mimic the brain activity that they found and demonstrate how it could be generated. They used a type of model known as a continuous attractor model, which was originally developed to model how the entorhinal cortex tracks an animal's position as it moves, based on sensory input.

The researchers customized the model by adding a component that was able to learn the activity patterns generated by sensory input. This model was then able to learn to use those patterns to reconstruct those experiences later, when there was no sensory input.

"The key element that we needed to add is that this system has the capacity to learn bidirectionally by communicating with sensory inputs. Through the associational learning that the model goes through, it will actually recreate those sensory experiences," Jazayeri says.

The researchers now plan to investigate what happens in the brain if the landmarks are not evenly spaced, or if they're arranged in a ring. They also hope to record brain activity in the hippocampus and entorhinal cortex as the animals first learn to perform the navigation task.

"Seeing the memory of the structure become crystallized in the mind, and how that leads to the neural activity that emerges, is a really valuable way of asking how learning happens," Jazayeri says.

The research was funded by the Natural Sciences and Engineering Research Council of Canada, the Quebec Research Funds, the National Institutes of Health, and the Paul and Lilah Newton Brain Science Award.
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Obesity-cancer connection discovery suggests strategies for improving immunotherapy | ScienceDaily
Immune system cells called macrophages play an unexpected role in the complicated connection between obesity and cancer, a Vanderbilt University Medical Center-led research team has discovered.


						
Obesity increases the frequency of macrophages in tumors and induces their expression of the immune checkpoint protein PD-1 -- a target of cancer immunotherapies. The findings, published June 12 in the journal Nature, provide a mechanistic explanation for how obesity can contribute to both increased cancer risk and enhanced responses to immunotherapy. They may also suggest strategies for improving immunotherapy and for identifying patients who will respond best to such treatments.

"Obesity is the second leading modifiable risk factor for cancer, behind only smoking, and obese individuals have a greater risk for worse outcomes. But they also can respond better to immunotherapy," said Jeffrey Rathmell, PhD, Cornelius Vanderbilt Professor of Immunobiology and director of the Vanderbilt Center for Immunobiology. "How is it that there can be this worse outcome on one hand, but better outcome on another? That's an interesting question."

Postdoctoral fellow Jackie Bader, PhD, led the studies to examine the influence of obesity on cancer and to explore this "obesity paradox" -- that obesity can contribute to cancer progression but also improve response to immunotherapy.

In a mouse model, the researchers found striking differences between the macrophages isolated from tumors in obese versus lean mice. While the protein PD-1 is an immunotherapy target normally thought to act on T cells, they discovered that the macrophages in tumors from obese mice expressed higher levels of PD-1, and that PD-1 acted directly on the macrophages to suppress their function.

In tumor samples from patients with kidney cancer, the researchers also found PD-1-expressing macrophages, and in human endometrial tumor biopsies from patients before and after 10% weight loss, they showed that PD-1 expression on tumor-associated macrophages decreased following weight loss.

"We were very fortunate to have collaborators that provided us with samples from the same patients before and after weight loss that reinforced the findings from our mouse models," Bader said.




Blocking PD-1 with an immunotherapy drug in the mouse models increased tumor-associated macrophage activity, including their ability to stimulate T cells.

Cancer immunotherapy studies have largely focused on T cells, because they are the immune cells that can kill cancer cells, Bader and Rathmell said. But macrophages play important roles in influencing what T cells do.

"I've always been 'team macrophage,'" Bader said. "Macrophages are thought of as being like a garbage truck: They clean up the mess. But they have a huge spectrum of activity to enhance the immune response, and they're more plastic and manipulatable than other immune cells, which makes them really interesting."

The presence of more macrophages expressing PD-1 in tumors in an obese setting provides a mechanistic explanation for the obesity paradox, Bader and Rathmell said. Increased PD-1 expression suppresses immune surveillance by macrophages -- and subsequently suppresses the killer T cells -- allowing tumors to grow (the increased cancer risk of obesity). PD-1 blockade with immunotherapy allows the increased number of PD-1-expressing macrophages to act (the enhanced response to immunotherapy).

Currently, immune checkpoint inhibitors work in only 20%-30% of patients.

"We clearly want to find ways to make immunotherapies work better, and in the obese setting, they naturally work better," Rathmell said. "Understanding how these processes are working biologically may give us clues about how to improve immunotherapy in general."

The findings also suggest that examining levels of PD-1-expressing tumor macrophages may help identify patients who will respond better to immunotherapy.

"It could be that the greater the proportion of PD-1-expressing macrophages a tumor has, the better the response to immunotherapy will be," Rathmell said.

The research was supported by the National Institutes of Health (grants K00CA234920, F31CA261049, F30CA239367, F30CA247202, K00CA253718, F99CA274695, T32DK007314, R01CA217987, T32GM007753, K08CA241351, R01CA238263, R01DK105550, T32GM007347, K12 CA090625, T32DK101003), American Association for Cancer Research and Vanderbilt-Incyte Alliance.
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Smartwatches offer window into Parkinson's disease progression | ScienceDaily
Ubiquitous wearable technologies, like smartwatches, could help researchers better understand progressive neurological disorders like Parkinson's disease and speed up the approval of new therapies, a critical need given that no drugs exist to slow progression of the world's fastest growing brain disease.


						
New research appearing today in the journal njp Parkinson's Disease adds to growing evidence that widely used and user-friendly consumer devices, in this instance an Apple Watch paired with an iPhone, can detect changes in Parkinson's symptoms over time in individuals in the early stages of the disease.

"Digital measures hold the promise to provide objective, sensitive, real-world measures of disease progression in Parkinson's disease," said Jamie Adams, MD, an associate professor of Neurology at the University of Rochester Medical Center, the Center for Health + Technology, and lead author of the study. "This study shows that data generated by smartwatches and smartphones can remotely monitor and detect changes in multiple domains of the disease. These digital assessments could help evaluate the efficacy of future therapies."

"On behalf of Critical Path Institute, we are delighted to see the astounding progress of this unique project," said Diane Stephenson, PhD, executive director of Critical Path for Parkinson's consortium and co-author of the study. "The early and often feedback from regulators have shaped this study in ways that now can link the clinical meaningfulness of symptoms measured by digital health technologies to the voice of people with lived experience. By partnering with patients, regulators, industry, and academic experts this project is serving as a precedent for other disease areas to follow."

Parkinson's is a complex disease, and the onset and severity of symptoms and progression varies widely from patient to patient. Traditional tools employed to track the disease are often subjective and collect information episodically during clinic visits. As a result, these tools do not adequately portray the day-to-day experience of individuals with Parkinson's, limitations that have contributed to the slow pace of new therapies.

In contrast, smartwatches and smartphones can passively monitor many of the symptoms of the disease, such as gait and tremor. Additional information can be collected through tasks such as finger tapping and voice recording to measure speech-related symptoms. Adams and her colleagues recently demonstrated the devices could detect differences between individuals with early, untreated Parkson's and age-matched controls.

In the new study, called WATCH-PD, the researchers followed participants with early-stage Parkinson's for 12 months. Over the course of the year, the data collected by the devices showed that participants with early Parkinson's experienced significant declines in measures of gait, an increase in tremor, and modest changes in speech. The smartwatch was able to detect decreases in arm swing, a common clinical feature of the disease, and activity in the form of the number of daily steps. The progression of symptoms in individuals in the study was consistent with other long-term studies of the disease.

The study was designed to replicate a multi-center clinical trial in individuals with early and untreated Parkinson's disease and involved the participation and input from the pharmaceutical industry, regulators, investigators, and individuals with disease. The WATCH-PD study has recently been extended with support from the Michael J. Fox Foundation and will follow participants for an additional 18 months.

"This study brings us closer to having meaningful digital measures for future use in Parkinson's clinical trials, which may speed up therapeutic development and get treatments to our patients faster." said Adams.

Additional authors include Ray Dorsey, Melissa Kostrzebski, Peggy Auinger, Peter Wilmot, Yvonne Pohlson, and Stella Jensen-Roberts with URMC; Tairmae Kangarloo, Yishu Gong, Vahe Khachadourian, Brian Tracey, Dmitri Volfson, and Robert Latzman with Takeda Pharmaceuticals; Martijn Muller with the Critical Path Institute; Joshua Cosman with AbbVie Pharmaceuticals; Jeremy Edgerton with Biogen; David Anderson and Allen Best with Clinical Ink; and the Parkinson Study Group Watch-PD Study investigators and collaborators including Christopher Tarolli from URMC. The research was supported with funding from Biogen, Takeda, and the members of the Critical Path for Parkinson's Consortium.
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Hybrid work is a 'win-win-win' for companies, workers | ScienceDaily
It is one of the most hotly debated topics in today's workplace: Is allowing employees to log in from home a few days a week good for their productivity, careers, and job satisfaction?


						
Nicholas Bloom, a Stanford economist and one of the foremost researchers on work-from-home policies, has uncovered compelling evidence that hybrid schedules are a boon to both employees and their bosses.

In a study, newly published in the journal Nature, of an experiment on more than 1,600 workers at Trip.com -- a Chinese company that is one of the world's largest online travel agencies -- Bloom finds that employees who work from home for two days a week are just as productive and as likely to be promoted as their fully office-based peers.

On a third key measure, employee turnover, the results were also encouraging. Resignations fell by 33 percent among workers who shifted from working full-time in the office to a hybrid schedule. Women, non-managers, and employees with long commutes were the least likely to quit their jobs when their treks to the office were cut to three days a week. Trip.com estimates that reduced attrition saved the company millions of dollars.

"The results are clear: Hybrid work is a win-win-win for employee productivity, performance, and retention," says Bloom, who is the William D. Eberle Professor of Economics at the Stanford School of Humanities and Sciences and also a senior fellow at the Stanford Institute for Economic Policy Research (SIEPR).

The findings are especially significant given that, by Bloom's count, about 100 million workers worldwide now spend a mix of days at home and in the office each week, more than four years after COVID-19 pandemic lockdowns upended how and where people do their jobs. Many of these hybrid workers are lawyers, accountants, marketers, software engineers and other with a college degree or higher.

Over time, though, working outside the office has come under attack from high-profile business leaders like Elon Musk, the head of Tesla, SpaceX, and X (formerly Twitter), and Jamie Dimon, CEO of JPMorgan Chase, who argue that the costs of remote work outweigh any benefits. Opponents say that employee training and mentoring, innovation, and company culture suffer when workers are not on site five days a week.




Blooms says that critics often confuse hybrid for fully remote, in part because most of the research into working from home has focused on workers who aren't required to come into an office and on a specific type of job, like customer support or data entry. The results of these studies have been mixed, though they tend to skew negative. This suggests to Bloom that problems with fully remote work arise when it's not managed well.

As one of the few randomized control trials to analyze hybrid arrangements -- where workers are offsite two or three days a week and are in the office the rest of the time -- Bloom says his findings offer important lessons for other multinationals, many of which share similarities with Trip.com.

"This study offers powerful evidence for why 80 percent of U.S. companies now offer some form of remote work," Bloom says, "and for why the remaining 20 percent of firms that don't are likely paying a price."

The research is also the largest to date of hybrid work involving university-trained professionals that relies on the gold standard in research, the randomized controlled trial. This allowed Bloom and his co-authors to show that the benefits they identify resulted from Trip.com's hybrid experiment and not something else.

In addition to Bloom, the study's authors are Ruobing Han, an assistant professor at The Chinese University of Hong Kong, and James Liang, an economics professor at Peking University and co-founder of Trip.com. Han and Liang both earned their PhDs in economics from Stanford.

The hybrid approach: Only winners

Trip.com didn't have a hybrid work policy when it undertook the 6-month experiment starting in 2021 that is at the heart of the study. In all, 395 managers and 1,217 non-managers with undergraduate degrees -- all of whom worked in engineering, marketing, accounting, and finance in the company's Shanghai office -- participated. Employees whose birthdays fell on an even-numbered day of the month were told to come to the office five days a week. Workers with odd-numbered birthdays were allowed to work from home two days a week.




Of the study participants, 32 percent also had postgraduate degrees, mostly in computer science, accounting or finance. Most were in their mid-30s, half had children, and 65 percent were male.

In finding that hybrid work not only helps employees, but also companies, the researchers relied on various company data and worker surveys, including performance reviews and promotions for up to two years after the experiment. Trip.com's thorough performance review process includes evaluations of an employee's contributions to innovation, leadership, and mentoring.

The study authors also compared the quality and amount of computer code written by Trip.com software engineers who were hybrid against code produced by peers who were in the office full-time.

In finding that hybrid work had zero effect on workers' productivity or career advancement and dramatically boosted retention rates, the study authors highlight some important nuances. Resignations, for example, fell only among non-managers; managers were just as likely to quit whether they were hybrid or not.

Bloom and his coauthors identify misconceptions held by workers and their bosses. Workers, especially women, were reluctant to sign up as volunteers for Trip.com's hybrid trial -- likely for fear that they would be judged negatively for not coming into the office five days a week, Bloom says. In addition, managers predicted on average that remote working would hurt productivity, only to change their minds by the time the experiment ended.

For business leaders, Bloom says the study confirms that concerns that hybrid work does more harm than good are overblown.

"If managed right, letting employees work from home two or three days a week still gets you the level of mentoring, culture-building, and innovation that you want," Bloom says. "From an economic policymaking standpoint, hybrid work is one of the few instances where there aren't major trade-offs with clear winners and clear losers. There are almost only winners."

Trip.com was sold: It now allows hybrid work company-wide.
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Inherited genetic factors may predict the pattern of X chromosome loss in older women | ScienceDaily


						Researchers have identified inherited genetic variants that may predict the loss of one copy of a woman's two X chromosomes as she ages, a phenomenon known as mosaic loss of chromosome X, or mLOX. These genetic variants may play a role in promoting abnormal blood cells (that have only a single copy of chromosome X) to multiply, which may lead to several health conditions, including cancer. The study, co-led by researchers at the National Cancer Institute, part of the National Institutes of Health, was published June 12, 2024, in Nature.


						
To better understand the causes and effects of mLOX, researchers analyzed circulating white blood cells of nearly 900,000 women across eight biobanks, of whom 12% had the condition. The researchers identified 56 common genetic variants -- located near genes associated with autoimmune diseases and cancer susceptibility -- that influenced whether mLOX developed. In addition, rare variants in a gene known as FBXO10 were associated with a doubling in the risk of mLOX.

In women with mLOX, the investigators also identified a set of inherited genetic variants on the X chromosome that were more frequently observed on the retained X chromosome than on the one that was lost. These variants could one day be used to predict which copy of the X chromosome is retained when mLOX occurs. This is important because the copy of the X chromosome with these variants may have a growth advantage that could elevate the woman's risk for blood cancer.

The researchers also looked for associations of mLOX with more than 1,200 diseases and confirmed previous findings of an association with increased risk of leukemia and susceptibility to infections that cause pneumonia.

The scientists suggest that future research should focus on how mLOX interacts with other types of genetic variation and age-related changes to potentially alter disease risk.
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Study on fruit flies could benefit eggs of older women | ScienceDaily
A Dartmouth study conducted on fruit flies reports the first evidence in any organism that oocytes -- the cells that become eggs -- regularly rejuvenate the critical protein linkages that bind chromosomes together. The findings are a potentially important step toward helping women reduce their risk of pregnancy complications as they age, the researchers report in the journal Current Biology. 


						
Women are born with the oocytes they will have for life, and the cohesive linkages that connect chromosomes are established in those cells prenatally. When they reach childbearing age, ovulation triggers the oocyte to divide, resulting in the formation of an egg that can be fertilized by a sperm. Cohesive linkages must be present in the dividing oocyte to form an egg that contains the correct number of chromosomes.

As a woman ages, so do her oocytes. The loss of cohesive linkages as oocytes age is one factor that increases the likelihood of miscarriages and conditions such as Down syndrome for older women, a phenomenon known as the maternal age effect. The risk of cell division producing an egg with the wrong number of chromosomes goes up significantly after the age of 30.

But the Dartmouth researchers discovered that in fruit fly oocytes, new cohesive linkages form on the chromosomes to replace the originals. They monitored specific proteins within the cohesin complex -- the group of proteins that mediate the linkages between chromosomes -- and found that this rejuvenation process occurs throughout the development of the fly oocyte.

"Our work is the first in the field to demonstrate that cohesive linkages in oocytes can form after the original linkages are generated," says Sharon Bickel, professor of biological sciences at Dartmouth and the paper's corresponding author.

"Whether organisms other than fruit flies utilize cohesion rejuvenation in oocytes is not known," Bickel says. "But it is hard to understand why rejuvenation would be necessary to keep cohesion intact for six days in fruit fly oocytes, but not in human oocytes that undergo decades of aging."

The researchers propose in their paper that if human oocytes do have the ability to rejuvenate cohesive linkages, this mechanism may become less efficient because of oxidative damage brought on by aging. A decline in rejuvenation could lead to an overall loss in chromosome linkages, Bickel says.




The Bickel Lab uses fruit flies as a model for investigating the molecular mechanisms underlying chromosome cohesion. They have found that the effects of aging on fruit fly oocytes are similar to that seen in humans. In 2008, the lab reported a method for "aging" fruit fly oocytes that provided evidence that aging causes a loss of cohesive linkages. A 2016 paper showed that increasing oxidative damage in fruit fly oocytes also results in the loss of cohesive linkages, while a 2019 paper from the lab reported that decreasing oxidative damage in aging oocytes improves cell division outcomes.

"If we can identify the proteins and the mechanisms that underlie cohesion rejuvenation in this system, that could inform the development of therapeutic strategies designed to enhance rejuvenation in the eggs of older women and slow the loss of cohesion," Bickel says.

Muhammad Haseeb, a postdoctoral researcher in Bickel's lab and the paper's first author, says that evidence for turnover in cohesive linkages has proven elusive for researchers. To date, experiments performed in mice have reported no signs of rejuvenation.

The Dartmouth researchers took several different approaches, says Haseeb, who began the project as a graduate student in Dartmouth's Molecular and Cellular Biology program. Some of the fly strains the team utilized were generated by co-author Katherine Weng when she was a graduate student in Bickel's lab.

The tools available for fruit fly experiments allowed the researchers to manipulate proteins at an earlier stage in oocytes, but still after the original cohesive linkages had formed. They also used two different methods to monitor a protein that exists in all varieties of the cohesin complex found in fruit fly oocytes, Haseeb says. Researchers working in mice focused on a single protein present in only a subset of cohesin complexes in mouse oocytes, he says.

"It is possible that one or both of these differences account for our findings," Haseeb says. The paper may help facilitate further experiments in mouse oocytes that could help forge a clearer path to discovering and understanding this process in humans, he says.

"Interestingly, two of the regulatory proteins that we know are required for rejuvenation in fly oocytes also are present on mouse oocyte chromosomes -- after the original cohesive linkages are formed," Haseeb says. "That is consistent with them playing a role in rejuvenation in mammals."

Bickel and Haseeb take the study one step further in a paper published June 8 in the journal G3 with co-authors Alana Bernys '20 and Erin Dikert '21, who worked on the project as Dartmouth undergraduate students. In it, the researchers identify proteins required for rejuvenation so that the molecular pathway or pathways can be better understood.

An additional project ongoing in the Bickel Lab is testing whether nutritional supplements can reduce the risk of chromosome errors in fly oocytes that have undergone aging.
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Painful truth about knee osteoarthritis: Why inactivity may be more complex than we think | ScienceDaily
Knee osteoarthritis (OA) is a common cause of pain and joint stiffness. And while physical activity is known to ease symptoms, only one in 10 people regularly exercise.


						
Understanding what contributes to patients' inactivity is the focus of a world first study from the University of South Australia. Here, researchers have found that people with knee OA unconsciously believe that activity may be dangerous to their condition, despite medical advice telling them otherwise.

The study found that of those surveyed, 69% of people with knee pain had stronger implicit (unconscious) beliefs that exercise was dangerous than the average person without pain.

It's an interesting finding that not only highlights the conflicted nature of pain and exercise, but also that what people say and what people think, deep down, may be entirely different things.

Lead researcher, and UniSA PhD candidate based at SAHMRI, Brian Pulling, says the research provides valuable insights for clinicians treating people with knee OA.

"Research shows that physical activity is good for people with knee OA, but most people with this condition do not move enough to support joint or general health," Pulling says.

"To understand why people with OA might not be active, research studies typically use questionnaires to assess fear of moving. But unfortunately, questionnaires are limited -- what we feel deep down (and how our system naturally reacts to something that is threatening) may be different to what we report. And we still know that many people are avoiding exercise, so we wanted to know why."

To assess this, the researchers developed a tool that can detect and evaluate people's implicit beliefs about exercise; that is, whether they unconsciously think activity is dangerous for their condition.




"We found that that even among those who said they were not fearful about exercise, they held unconscious beliefs that movement was dangerous," Pulling says.

"Our research shows that people have complicated beliefs about exercise, and that they sometimes say one thing if asked directly yet hold a completely different implicit belief.

"People are not aware that what they say doesn't match what they choose on the new task; they are not misrepresenting their beliefs.

"This research suggests that to fully understand how someone feels about an activity, we must go beyond just asking directly, because their implicit beliefs can sometimes be a better predictor of actual behaviour than what people report. That's where our tool is useful."

The online implicit association test presents a series of words and images to which a participant must quickly associate with being either safe or dangerous. The tool intentionally promotes instant responses to avoid deliberation and other influencing factors (such as responding how they think they should respond).

Associate Professor Tasha Stanton says that the new tool has the potential to identify a group of people who may have challenges increasing their activity levels and undertaking exercise.




"What people say and what people do are often two different things, Assoc Prof Stanton says.

"Having access to more accurate and insightful information will help health professionals better support their patients to engage with activity and exercise. It may also open opportunities for pain science education, exposure-based therapy, or cognitive functional therapy...things that would not usually be considered for someone who said that they were not scared to exercise."

Researchers are now looking to see if implicit beliefs are directly associated with behaviour and are asking for people to complete the Implicit Association Test (takes seven minutes). At the end of the test participants are given their results in comparison to the rest of the population.

To take the test, please click here: https://unisasurveys.qualtrics.com/jfe/form/SV_0OZKUqzBNtiKGF0
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Significant increase in nitrous-oxide emissions from human activities, jeopardizing climate goals | ScienceDaily

The new report 'Global nitrous oxide budget (1980-2020)' is published in the journal Earth System Science Data. It is the most comprehensive accounting to date of nitrous-oxide emissions from human activities and natural sources.

It was led by researchers from Boston College in the US and involved an international team of scientists including researchers from the University of East Anglia (UEA), UK, under the umbrella of the Global Carbon Project. In total, the team was comprised of 58 researchers from 55 organizations in 15 different countries.

The report reveals that nitrous-oxide emissions from human activities have increased by 40 per cent (3 million metric tons of N2O per year) in the past four decades, resulting in accelerating atmospheric accumulation of this potent greenhouse gas. Observed atmospheric growth rates over the past three years (2020-2022) have been higher than any previous observed year since 1980, when reliable measurements began.

Like carbon-dioxide (CO2), nitrous-oxide is a long-lived greenhouse gas and contributor to climate change. It also plays an important role in the destruction of the stratospheric ozone layer, which protects the Earth from the Sun's harmful ultraviolet radiation.

The report reveals that the largest source of nitrous-oxide emissions from human activities comes from agricultural production -- this is attributed mainly to the use of commercial nitrogen fertilizers and the use of animal waste on croplands. In addition, the increased levels of nitrogen runoff from fields pollutes inland waters and rivers, and increases N2O emissions from lakes, ponds, and coastal ecosystems.

Agricultural emissions of nitrous-oxide reached 8 million metric tons in 2020 and contributed 74 per cent of the total N2O emissions from human activities in the last decade. Improved practices in agriculture involving the efficient use of nitrogen fertilizers and animal manure will help to reduce nitrous-oxide emissions and water pollution.




The report's lead author, Hanqin Tian, the Schiller Institute Professor of Global Sustainability at Boston College, said: "Nitrous oxide emissions from human activities must decline in order to limit global temperature rise to 2degC as established by the Paris Agreement. Reducing N2O emissions is the only solution since at this point no technologies exist that can remove N2O from the atmosphere."

The study draws on millions of N2O measurements taken during the past four decades, as well as on a combination of detailed models of the global nitrogen cycle in land-based systems, oceans and freshwater systems, and the atmosphere.

Prof Parv Suntharalingam, of UEA's School of Environmental Sciences, is the lead UK author and led on the ocean model component of the report. She said: "The significant growth in N2O emissions in recent years has resulted in observed atmospheric concentrations exceeding the most pessimistic scenarios used in recent IPCC assessments.

"N2O emissions from natural sources, such as the oceans and soils, have remained relatively stable over recent decades. This report highlights that human activities are the most important factor in the observed atmospheric increase, emphasizing the need for effective emissions reduction strategies."

The concentration of atmospheric N2O reached 336 parts per billion in 2022, a 25 per cent increase over pre-industrial levels that far outpaces predictions previously developed by the Intergovernmental Panel on Climate Change, said Prof Tian.

He added: "This emission increase is taking place when the global greenhouse gases should be rapidly declining towards net zero emissions if we have any chances to avoid the worst effects of climate change."

Some countries have seen success implementing policies and practices to reduce N2O emissions, according to the report. Emissions in China have slowed since the mid-2010s, as have emissions in Europe during the past few decades. In the US, agricultural emissions continue to creep up while industrial emissions have declined slightly, leaving overall emissions rather flat.




Established in 2001, The Global Carbon Project analyzes the impact of human activity on greenhouse gas emissions and Earth systems, producing global budgets for the three dominant greenhouse gases (carbon dioxide, methane, and N2O). These assessments of greenhouse gas emissions and sinks inform further research, policy, and international action.

"While there have been some successful nitrogen reduction initiatives in different regions, we found an acceleration in the rate of N2O accumulation in the atmosphere in this decade," said Global Carbon Project Executive Director Josep Canadell, who is also a research scientist at CSIRO, Australia's national science agency.

"The growth rates of atmospheric N2O in 2020 and 2021 were higher than any previous observed year and more than 30 per cent higher than the average rate of increase in the previous decade."

The researchers say there is a need for more frequent assessments so mitigation efforts can be targeted to high-emission regions and economic activities. An improved inventory of sources and sinks will also be required if progress is going to be made toward the objectives of the Paris Agreement.
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Preparing for a world where Alzheimer's disease is treatable | ScienceDaily
Drugs with the potential to change the course of Alzheimer's disease are expected to be approved by mid-year in the UK. Healthcare services may need to change to ensure that all patients have equitable access to these new modifying anti-amyloid therapies, according to research led by Queen Mary University of London and University College London (UCL).


						
Alzheimer's disease is the most common cause of dementia. Of the 944,000 people living with dementia in the UK, 60-80% have Alzheimer's. Currently, the only available drugs for Alzheimer's treat symptoms. However, recent clinical trials show that new therapies -- which use monoclonal antibodies to remove amyloid plaques that form on the brain -- may slow down disease progression. Two of these 'disease-modifying therapies' (DMTs) have been granted 'breakthrough therapy' designation in the UK and are likely to become available to patients by mid-2024 (pending regulatory approval).

In the UK, dementia care is mostly centred around psychiatry-led memory clinics in the community. In their current state, it is extremely unlikely that DMTs will be administered in these settings. Delivery of these new treatments will require a major restructure to existing dementia services -- from determining eligibility to delivery of the treatment itself, including follow-up. It will require additional staff and training across imaging, diagnostics and pathology, and other clinical services. It will also require access to laboratories that can carry out biomarker testing to confirm whether a patient is eligible for the treatment.

The potential roll-out of DMTs presents major challenges for services and has real potential to amplify existing inequities in service access. To anticipate and mitigate these challenges, researchers from Queen Mary's Centre for Preventive Neurology, UCL's Dementia Research Centre, and UCL Partners carried out essential research to estimate how many patients are likely to be eligible for DMTs.

The researchers compared clinical case notes from over 1,000 people attending either community memory clinics or specialist cognitive services in England. They found that 32% of those attending memory services and 14% of people attending specialist cognitive services would likely be referred for consideration for the new DMTs. Researchers found that amyloid biomarker tests were available for people attending specialist cognitive services in the form of specialist scans called PET scans and spinal fluid tests. However, fewer than 1% of people attending community memory clinics had undergone biomarker tests.

While a sizeable proportion of patients attending memory clinics may be referred for therapy for Alzheimer's disease, only a minority are likely to be suitable, once they have undergone biomarker testing. The researchers highlight an immediate need for biomarker testing to ensure that the right patients can be identified for these treatments.

First author, Professor Ruth Dobson, Professor of Neurology at Queen Mary University of London, Consultant Neurologist and Dementia Theme Co-Lead for UCL Partners, said: "The development of disease modifying therapies for dementia has the potential to drive significant service changes. We have seen the impact of this in MS and stroke. It is crucial to understand and plan such changes proactively in order to ensure best care for all people living with dementia, regardless of initial treatment availability and eligibility."

Study lead, Professor Rimona Weil, Consultant Neurologist at UCL and the National Hospital for Neurology and Neurosurgery, and Dementia Theme Co-Lead for UCL Partners said: "Working with clinicians running memory clinics was crucial to this work, meaning that we could get real-world estimates for how many people are likely to be referred for these new drugs for the first time."




Study co-lead, Professor Catherine Mummery, Consultant Neurologist at UCL and the National Hospital for Neurology and Neurosurgery, said: "We demonstrate that diagnostic resources affect the accuracy of diagnosis and referral habits, and that a collaborative networked approach is critical to developing a functioning treatment service in preparation for these new therapies."

David Thomas, Head of Policy and Public Affairs at Alzheimer's Research UK, said: "New Alzheimer's drugs are finally on the horizon, but for their full potential to be realised, health systems need to be able to offer people with symptoms of dementia an accurate and early diagnosis to find out whether these treatments could benefit them.

"As this research demonstrates, the NHS is a long way from being able to do this testing routinely. Whoever forms the next government must invest in the NHS urgently, to ensure we have the right diagnostics and workforce in place to help identify people who could benefit from new treatments should they be deemed safe and effective by the regulators. A key part of the solution is cheaper, more scalable diagnostics, such as blood tests, for use in clinical care."

This study was produced by researchers from a network of universities who form the Academic Health Science Centre for UCLPartners and in collaboration with a network of clinicians in memory clinics in London and the South East.
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Millions of insects migrate through 30-meter Pyrenees pass | ScienceDaily
Over 17 million insects migrate each year through a single mountain pass on the border between France and Spain, new research shows.


						
University of Exeter scientists studied migrating insects in the Pass of Bujaruelo, a 30-metre gap between two high peaks in the Pyrenees.

The team visited the pass each autumn for four years, monitoring the vast number and variety of day-flying insects heading south.

The findings for this single pass suggest that billions of insects cross the Pyrenees each year, making it a key location for many migrating species.

The migrating insects begin these journeys further north in Europe, including the UK.

"More than 70 years ago, two ornithologists -- Elizabeth and David Lack -- chanced upon an incredible spectacle of insect migration at the Pass of Bujaruelo," said Will Hawkes, from the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.

"They witnessed remarkable numbers of marmalade hoverflies migrating through the mountains, the first recorded instance of fly migration in Europe.




"In 2018, we went to the same pass to see if this migration still occurred, and to record the numbers, species, weather conditions and ecological roles and impacts of the migrants."

The researchers used a video camera to count the small insects, visual counts to quantify the butterflies, and a flight intercept trap to identify the species migrating.

"What we found was truly remarkable," Hawkes continued.

"Not only were vast numbers of marmalade hoverflies still migrating through the pass, but far more besides.

"These insects would have begun their journeys further north in Europe and continued south into Spain and perhaps beyond for the winter.

"There were some days when the number of flies was well over 3,000 individuals per metre, per minute."

Team leader Dr Karl Wotton said: "To see so many insects all moving purposefully in the same direction at the same time is truly one of the great wonders of nature."




Insect numbers peaked when conditions were warm, sunny and dry, with low windspeed and a headwind to keep the insects low over the pass so they could be counted.

Dr Wotton continued: "The combination of high-altitude mountains and wind patterns render what is normally an invisible high-altitude migration into a this incredibly rare spectacle observable at ground level."

A range of insects were seen, but flies made up 90% of the total.

Butterflies and dragonflies are well-known migratory insects, but these made up less than 2% of the total.

Many of the migrants were well known garden inhabitants such as the cabbage white butterfly (Pieris rapae), the house fly (Musca autumnalis), and even miniscule grass flies (Chloropidae), barely 3mm long.

Hawkes added: "It was magical. I would sweep my net through seemingly empty air and it would be full of the tiniest of flies, all journeying on this unbelievably huge migration."

These migratory insects, especially the flies, are hugely important for our planet.

Nearly 90% of the insects were pollinators and, by migrating, move genetic material great distances between plant populations, improving plant health.

Some of the insects were pest species but many were pest controllers, including the marmalade and pied hoverflies that eat aphids during their larval stage.

Many play a role in decomposition, and all transport nutrients such as phosphorus and nitrogen large distances, which could be important for soil health and plant growth.

Due to the climate crisis and habitat loss, these vital insect migrants are thought to be declining.

Hawkes concluded: "By spreading the knowledge of these remarkable migrants, we can spread interest and determination to protect their habitats.

"Insects are resilient and can bounce back quickly. Together, we can protect these most remarkable migrants of all."
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Wind from black holes may influence development of surrounding galaxies | ScienceDaily
Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.


						
A team of researchers led by University of Wisconsin-Madison astronomy professor Catherine Grier and recent graduate Robert Wheatley revealed the accelerating gas using years of data collected from a quasar, a particularly bright and turbulent kind of black hole, billions of light years away in the constellation Bootes. They presented their findings today at the 244th meeting of the American Astronomical Society in Madison.

Scientists believe black holes are situated at the center of most galaxies. Quasars are supermassive black holes surrounded by disks of matter being pulled in by the black hole's enormous gravitational power.

"The material in that disk is always falling into the black hole, and the friction of that pulling and pulling heats up the disk and makes it very, very hot and very, very bright," says Grier. "These quasars are really luminous, and because there's a large range of temperatures from the interior to the far parts of the disk, their emission covers almost all of the electromagnetic spectrum."

The bright light makes quasars nearly as old as the universe (as many as 13 billion light years away) visible, and the broad range of their radiation makes them particularly useful for astronomers to probe the early universe.

Researchers used more than eight years of observations of a quasar called SBS 1408+544, collected by a program carried out by the Sloan Digital Sky Survey now known as the Black Hole Mapper Reverberation Mapping Project. They tracked winds composed of gaseous carbon by spotting light from the quasar that was missing -- light that was being absorbed by the gas. But instead of being absorbed at exactly the right spot in the spectrum that would indicate carbon, the shadow shifted farther from home with every new look at SBS 1408+544.

"That shift tells us the gas is moving fast, and faster all the time," says Wheatley. "The wind is accelerating because it's being pushed by radiation that is blasted off of the accretion disk."

Scientists, including Grier, have suggested they've observed accelerating winds from black hole accretion disks before, but this had not yet been backed by data from more than a few observations. The new results came from about 130 observations of SBS 1408+544 made over nearly a decade, which allowed the team to solidly identify the increase in velocity with high confidence.




The winds pushing gas out from the quasar are of interest to astronomers because they are a way in which the supermassive black holes might influence the evolution of the galaxies that surround them.

"If they're energetic enough, the winds may travel all the way out into the host galaxy, where they could have a significant impact," Wheatley says.

Depending on the circumstances, a quasar's winds could supply pressure that squeezes gas together and speeds the birth of a star in its host galaxy. Or it could scour away that fuel and keep a potential star from forming.

"Supermassive black holes are big, but they're really tiny compared to their galaxies," says Grier, whose work is supported by the National Science Foundation. "That doesn't mean they can't 'talk' to each other, and this is a way for one to talk to the other that we will have to account for when we model the effects of these kinds of black holes."

The study of SBS 1408+544, published today in The Astrophysical Journal included collaborators at York University, Pennsylvania State University, University of Arizona and others.

This research was funded in part by grants from the National Science Foundation (AST-2310211 and AST-2309930).
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How do supermassive black holes get super massive? | ScienceDaily
By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies. Using this hybrid approach, a research team led by Penn State astronomers derived a complete picture of black-hole growth over 12 billion years, from the Universe's infancy at around 1.8 billion years old to now at 13.8 billion years old.


						
The research comprises two papers, one published in The Astrophysical Journal in April 2024, and one as yet unpublished that will be submitted to the same journal. The results will be presented at the 244th meeting of the American Astronomical Society, held June 9 through June 13 at the Monona Terrace Convention Center in Madison, Wisconsin. 

"Supermassive black holes in galaxy centers have millions-to-billions of times the mass of the Sun," said Fan Zou, a graduate student at Penn State and first author of the papers. "How do they become such monsters? This is a question that astronomers have been studying for decades, but it has been difficult to track all the ways black holes can grow reliably."

Supermassive black holes grow through a combination of two main channels. They consume cold gas from their host galaxy -- a process called accretion -- and they can merge with other supermassive black holes when galaxies collide.

"During the process of consuming gas from their hosting galaxies, black holes radiate strong X-rays, and this is the key to tracking their growth by accretion," said W. Niel Brandt, Eberly Family Chair Professor of Astronomy and Astrophysics and professor of physics at Penn State and a leader of the research team. "We measured the accretion-driven growth using X-ray sky survey data accumulated over more than 20 years from three of the most powerful X-ray facilities ever launched into space."

The research team used complementary data from NASA's Chandra X-ray Observatory, the European Space Agency's X-ray Multi-Mirror Mission-Newton (XMM-Newton), and the Max Planck Institute for Extraterrestrial Physics' eROSITA telescope. In total, they measured the accretion-driven growth in a sample of 1.3 million galaxies that contained over 8,000 rapidly growing black holes.

"All of the galaxies and black holes in our sample are very well characterized at multiple wavelengths, with superb measurements in the infrared, optical, ultraviolet, and X-ray bands," Zou said. "This allows for robust conclusions, and the data show that, at all cosmic epochs, more massive galaxies grew their black holes by accretion faster. With the quality of the data, we were able to quantify this important phenomenon much better than in past works."

The second way that supermassive black holes grow is through mergers, where two supermassive black holes collide and merge together to form a single, even more massive, black hole. To track growth by mergers, the team used IllustrisTNG, a set of supercomputer simulations that model galaxy formation, evolution, and merging from shortly after the Big Bang until the present.




"In our hybrid approach, we combine the observed growth by accretion with the simulated growth through mergers to reproduce the growth history of supermassive black holes," Brandt said. "With this new approach, we believe we have produced the most realistic picture of the growth of supermassive black holes up to the present day."

The researchers found that, in most cases, accretion dominated black-hole growth. Mergers made notable secondary contributions, especially over the past 5 billion years of cosmic time for the most-massive black holes. Overall, supermassive black holes of all masses grew much more rapidly when the Universe was younger. Because of this, the total number of supermassive black holes was almost settled by 7 billion years ago, while earlier in the Universe many new ones kept emerging.

"With our approach, we can track how central black holes in the local universe most likely grew over cosmic time," Zou said. "As an example, we considered the growth of the supermassive black hole in the center of our Milky Way Galaxy, which has a mass of 4 million solar masses. Our results indicate that our Galaxy's black hole most likely grew relatively late in cosmic time."

In addition to Zou and Brandt, the research team includes Zhibo Yu, graduate student at Penn State; Hyungsuk Tak, assistant professor of statistics and of astronomy and astrophysics at Penn State; Elena Gallo at the University of Michigan; Bin Luo at Nanjing University in China; Qingling Ni at the Max Planck Institute for Extraterrestrial Physics in Germany; Yongquan Xue at the University of Science and Technology of China; and Guang Yang at the University of Groningen in the Netherlands.

Funding from the U.S. National Science Foundation, the Chandra X-ray Center, and Penn State supported this work. The work was also made possible by the sharing of the IllustrisTNG simulation results with the scientific community.
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        Pacific coast gray whales have gotten 13% shorter in the past 20-30 years, Oregon State study finds
        Gray whales that spend their summers feeding in the shallow waters off the Pacific Northwest coast have undergone a significant decline in body length since around the year 2000, a new study found.

      

      
        Western agricultural communities need water conservation strategies to adapt to future shortages
        The Western U.S. is heavily reliant on mountain snowpacks and their gradual melt for water storage and supply, and climate change is expected to upend the reliability of this natural process. Many agricultural communities in this part of the country are examining ways to adapt to a future with less water, and new research shows that a focus on supplementing water supply by expanding reservoir capacity won't be enough to avert future water crises.

      

      
        NASA's Roman mission gets cosmic 'sneak peek' from supercomputers
        Researchers used supercomputers to create nearly 4 million simulated images depicting the cosmos.

      

      
        Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
        Engineers have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.

      

      
        What the geologic record reveals about how oceans were oxygenated 2.3 billion years ago
        Geochemists used thallium isotopes to track the rise and fall of free oxygen on Earth between 2.5 and 2.2 billion years ago, the process that enabled life as we know it.

      

      
        To heal skin, scientists invent living bioelectronics
        Engineers have created a patch that combines sensors and bacteria to interact with the body.

      

      
        Towards a new era in flexible piezoelectric sensors for both humans and robots
        Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in m...

      

      
        No bones about it: 100-million-year-old bones reveal new species of pterosaur
        New research has identified 100-million-year-old fossilized bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.

      

      
        Are plants intelligent? It depends on the definition
        Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?

      

      
        An AI-powered wearable system tracks the 3D movement of smart pills in the gut
        Scientists have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings.

      

      
        AI-powered simulation training improves human performance in robotic exoskeletons
        Researchers have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.

      

      
        New technique reveals earliest signs of genetic mutations
        Mutations are changes in the molecular 'letters' that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.

      

      
        Ritual sacrifice at Chichen Itza
        Rising to power in the wake of the Classic Maya collapse, Chichen Itz was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh.

      

      
        Just thinking about a location activates mental maps in the brain
        Researchers found that mental representations known as cognitive maps, located in the hippocampus and entorhinal cortex, are activated when the brain performs mental simulations of a navigational route.

      

      
        Inherited genetic factors may predict the pattern of X chromosome loss in older women
        Researchers have identified inherited genetic variants that may predict the loss of one copy of a woman's two X chromosomes as she ages, a phenomenon known as mosaic loss of chromosome X, or mLOX. These genetic variants may play a role in promoting abnormal blood cells (that have only a single copy of chromosome X) to multiply, which may lead to several health conditions, including cancer.

      

      
        Wind from black holes may influence development of surrounding galaxies
        Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.

      

      
        How do supermassive black holes get super massive?
        By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies.

      

      
        From seashells to cement, nature inspires tougher building material
        Inspired by the material that makes up oyster and abalone shells, engineers have created a new cement composite that is 17 times more crack-resistant than standard cement and 19 times more able to stretch and deform without breaking. The findings could eventually help increase the crack resistance of a wide range of brittle ceramic materials from concrete to porcelain.

      

      
        3D-printed mini-actuators can move small soft robots, lock them into new shapes
        Researchers have demonstrated miniature soft hydraulic actuators that can be used to control the deformation and motion of soft robots that are less than a millimeter thick. The researchers have also demonstrated that this technique works with shape memory materials, allowing users to repeatedly lock the soft robots into a desired shape and return to the original shape as needed.

      

      
        Scientists spot more Milky Way-like galaxies in early universe
        Scientists are peering into the past and uncovering new clues about the early universe. Since light takes a long time to travel through space, they are now able to see how galaxies looked billions of years ago. The astronomers have discovered that spiral galaxies were more common in the early universe than previously thought. The scientists found that nearly 30% of galaxies have a spiral structure about 2 billion years after the universe formed. The discovery provides a significant update to the ...

      

      
        Origins of fast radio bursts come into focus through polarized light
        What scientists previously thought about where Fast Radio Bursts (FRBs) come from is just the tip of the iceberg. A new study details the properties of polarized light from 128 non-repeating FRBs and reveals mysterious cosmic explosions that originated in far-away galaxies, similar to our own Milky Way.

      

      
        Algae offer real potential as a renewable electricity source
        The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.

      

      
        Would astronauts' kidneys survive a roundtrip to Mars?
        The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.

      

      
        Trash-sorting robot mimics complex human sense of touch
        Researchers are breaking through the difficulties of robotic recognition of various common, yet complex, items. Their layered sensor is equipped with material detection at the surface and pressure sensitivity at the bottom, with a porous middle layer sensitive to thermal changes. An efficient cascade classification algorithm rules out object types in order, from easy to hard, starting with simple categories like empty cartons before moving on to orange peels or scraps of cloth.

      

      
        Detecting early linguistic signs of dementia by studying the natural speech of seniors
        A study led by linguists has found that early linguistic signs of dementia can be detected through the study of the natural speech of senior Singaporeans. The novel study revealed that participants with memory-related mild cognitive impairment spoke less and used fewer, but more abstract, nouns that is consistent with the speech pattern of Alzheimer's patients.

      

      
        How did a satellite galaxy of the Milky Way come to be?
        Crater 2, located approximately 380,000 light years from Earth, is one of the largest satellite galaxies of the Milky Way. Extremely cold and with slow-moving stars, Crater 2 has low surface brightness. How this galaxy originated remains unclear. A team of physicists now offers an explanation.

      

      
        Major milestone in cutting harmful gases that deplete ozone layer and worsen global warming
        A new study has revealed significant progress in the drive to reduce levels in the atmosphere of chemicals that destroy Earth's ozone layer, confirming the success of historic regulations limiting their production.

      

      
        New discovery reveals unexpected ocean algae help cool Earth
        A common type of ocean algae plays a significant role in producing a massively abundant compound that helps cool the Earth's climate, new research has discovered.

      

      
        Lone Star State: Tracking a low-mass star as it speeds across the Milky Way
        Astronomers have discovered a rare hypervelocity L subdwarf star racing through the Milky Way. More remarkably, this star may be on a trajectory that causes it to leave the Milky Way altogether.

      

      
        Brain's structure hangs in 'a delicate balance'
        Researchers examined anatomy of neurons from humans, mice and fruit flies. They discovered that the cellular structure of the brain is at a critical point, poised between two phases. New insights could help design computational models of the brain's complexity.

      

      
        Researchers engineer new approach for controlling thermal emission
        If a material absorbs light, it will heat up. That heat must go somewhere, and the ability to control where and how much heat is emitted can protect or even hide such devices as satellites. An international team of researchers has published a novel method for controlling this thermal emission in Science.

      

      
        Four-legged, dog-like robot 'sniffs' hazardous gases in inaccessible environments
        Nightmare material or truly man's best friend? A team of researchers equipped a dog-like quadruped robot with a mechanized arm that takes air samples from potentially treacherous situations, such as an abandoned building or fire. The robot dog walks samples to a person who screens them for potentially hazardous compounds.

      

      
        Two can play that game: juvenile dolphins who play together are more successful as adults
        Juvenile social play predicts adult reproductive success in male bottlenose dolphins, a new study has found.

      

      
        Protocol for creating 'wired miniature brains'
        Researchers have developed -- and shared -- a process for creating brain cortical organoids -- essentially miniature artificial brains with functioning neural networks.

      

      
        Hubble finds surprises around a star that erupted 40 years ago
        Astronomers have used new data from NASA's Hubble Space Telescope and the retired SOFIA (Stratospheric Observatory for Infrared Astronomy) as well as archival data from other missions to revisit one of the strangest binary star systems in our galaxy -- 40 years after it burst onto the scene as a bright and long-lived nova. A nova is a star that suddenly increases its brightness tremendously and then fades away to its former obscurity, usually in a few months or years.

      

      
        Researchers demonstrate the first chip-based 3D printer
        Researchers have demonstrated the first chip-based 3D printer, a tiny device that emits reconfigurable beams of visible light into a well of resin that rapidly cures into a solid shape. The advance could enable a 3D printer small enough to fit in the palm of a person's hand.

      

      
        Webb telescope reveals asteroid collision in neighboring star system
        Astronomers have captured what appears to be a snapshot of a massive collision of giant asteroids in Beta Pictoris, a neighboring star system known for its early age and tumultuous planet-forming activity.

      

      
        Optimism wards off procrastination
        People with an optimistic outlook on the future are less likely to be severe procrastinators, according to new research. While procrastinators often admonish themselves for their 'bad habit,' it turns out that their worries for the future are more to blame. Through a survey of nearly 300 young people, researchers found that those who had a positive view about their stress levels decreasing in the future, compared to the past or present, were less likely to experience severe procrastination. Views...

      

      
        Improved prime editing system makes gene-sized edits in human cells at therapeutic levels
        Scientists have improved a gene-editing technology that is now capable of inserting or substituting entire genes in the genome in human cells efficiently enough to be potentially useful for therapeutic applications. The advance could one day help researchers develop a single gene therapy for diseases such as cystic fibrosis that are caused by one of hundreds or thousands of different mutations in a gene. Using this new approach, they would insert a healthy copy of the gene at its native location ...

      

      
        The solar system may have passed through dense interstellar clouds 2 million years ago, altering Earth's climate
        Astrophysicists calculate the likelihood that Earth was exposed to cold, harsh interstellar clouds, a phenomenon not previously considered in geologic climate models.

      

      
        Planetary Health Diet associated with lower risk of premature death, lower environmental impact
        People who eat a healthy, sustainable diet may substantially lower their risk of premature death in addition to their environmental impact, according to a new study. This large study directly evaluates the impacts of adherence to recommendations in the landmark 2019 EAT-Lancet report. The researchers have named the dietary pattern outlined in the report -- which emphasizes a variety of minimally processed plant foods but allows for modest consumption of meat and dairy foods -- the Planetary Healt...

      

      
        Novel Genetic Clock discovers oldest known marine plant
        An international research team has discovered the oldest known marine plant using a novel genetic clock. This 1400-year-old seagrass clone from the Baltic Sea dates back to the Migration Period. The research project is a significant step towards better understanding and protecting marine ecosystems.

      

      
        Benefits of failure are overrated
        The platitude that failure leads to success may be both inaccurate and damaging to society, according to new research.

      

      
        Statins for heart disease prevention could be recommended for far fewer Americans if new risk equation is adopted
        If national guidelines are revised to incorporate a new risk equation, about 40% fewer people could meet criteria for cholesterol-lowering statins to prevent heart disease. The study examines the potential impact of widespread adoption of the PREVENT equations, which were released by the American Heart Association in November 2023 to update physicians' go-to calculators for assessing patients' 10-year risk of heart attack or stroke.

      

      
        Elephants have names for each other like people do, new study shows
        Wild African elephants address each other with name-like calls, a rare ability among nonhuman animals, according to a new study. Researchers used machine learning to confirm that elephant calls contained a name-like component identifying the intended recipient, a behavior they suspected based on observation. The study suggests elephants do not imitate the receiver's call to address one another but instead use arbitrary vocal labels like humans.

      

      
        In a significant first, researchers detect water frost on solar system's tallest volcanoes
        An international team of planetary scientists has detected patches of water frost sitting atop the Tharsis volcanoes on Mars, which are not only the tallest volcanic mountains on the Red Planet but in the entire solar system.

      

      
        Galactic bloodlines: Many nearby star clusters originate from only three 'families'
        Astronomers have deciphered the formation history of young star clusters, some of which we can see with the naked eye at night. The team reports that most nearby young star clusters belong to only three families, which originate from very massive star-forming regions. This research also provides new insights into the effects of supernovae (violent explosions at the end of the life of very massive stars) on the formation of giant gas structures in galaxies like our Milky Way.

      

      
        Tiny new species of great ape lived in Germany 11 million years ago
        Ancient apes in Germany co-existed by partitioning resources in their environment, according to a new study.

      

      
        A new study reveals that marine cyanobacteria communicate
        A breakthrough study changes the way we understand cyanobacteria, which are essential for the sustenance of life. The study shows that these organisms do not operate in isolation, but rather physically interact through membrane-nanotubes, which function as exchange bridges between cells.

      

      
        Researchers upend theory about the formation of the Milky Way Galaxy
        Research reveals a shocking discovery about the history of our universe: the Milky Way Galaxy's last major collision occurred billions of years later than previously thought.
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Pacific coast gray whales have gotten 13% shorter in the past 20-30 years, Oregon State study finds | ScienceDaily
Gray whales that spend their summers feeding in the shallow waters off the Pacific Northwest coast have undergone a significant decline in body length since around the year 2000, a new Oregon State University study found.


						
The smaller size could have major consequences for the health and reproductive success of the affected whales, and also raises alarm bells about the state of the food web in which they coexist, researchers say.

"This could be an early warning sign that the abundance of this population is starting to decline, or is not healthy," said K.C. Bierlich, co-author on the study and an assistant professor at OSU's Marine Mammal Institute in Newport. "And whales are considered ecosystem sentinels, so if the whale population isn't doing well, that might say a lot about the environment itself."

The study, published in Global Change Biology, looked at the Pacific Coast Feeding Group (PCFG), a small subset of about 200 gray whales within the larger Eastern North Pacific (ENP) population of around 14,500. This subgroup stays closer to shore along the Oregon coast, feeding in shallower, warmer waters than the Arctic seas where the bulk of the gray whale population spends most of the year.

Recent studies from OSU have shown that whales in this subgroup are smaller and in overall worse body condition than their ENP counterparts. The current study reveals that they've been getting smaller in recent decades.

The Marine Mammal Institute's Geospatial Ecology of Marine Megafauna (GEMM) Lab has been studying this subgroup of gray whales since 2016, including flying drones over the whales to measure their size. Using images from 2016-2022 of 130 individual whales with known or estimated age, researchers determined that a full-grown gray whale born in 2020 is expected to reach an adult body length that is 1.65 meters (about 5 feet, 5 inches) shorter than a gray whale born prior to 2000. For PCFG gray whales that grow to be 38-41 feet long at full maturity, that accounts for a loss of more than 13% of their total length.

If the same trend were to happen in humans, that would be like the height of the average American woman shrinking from 5 feet, 4 inches to 4 feet, 8 inches tall over the course of 20 years.




"In general, size is critical for animals," said Enrico Pirotta, lead author on the study and a researcher at the University of St. Andrews in Scotland. "It affects their behavior, their physiology, their life history, and it has cascading effects for the animals and for the community they're a part of."

Whale calves that are smaller at weaning age may be unable to cope with the uncertainty that comes with being newly independent, which can affect survival rates, Pirotta said.

For adult gray whales, one of the biggest concerns is reproductive success.

"With them being smaller, there are questions of how effectively these PCFG gray whales can store and allocate energy toward growing and maintaining their health. Importantly, are they able to put enough energy toward reproduction and keep the population growing?" Bierlich said.

Scarring on PCFG whales from boat strikes and fishing gear entanglement also makes the team concerned that smaller body size with lower energy reserves may make the whales less resilient to injuries.

The study also examined the patterns of the ocean environment that likely regulate food availability for these gray whales off the Pacific coast by tracking cycles of "upwelling" and "relaxation" in the ocean. Upwelling sweeps nutrients from deeper to shallower regions, while relaxation periods then allow those nutrients to remain in shallower areas where light allows for growth of plankton and other tiny organisms, including the prey of gray whales.




"Without a balance between upwelling and relaxation, the ecosystem may not be able to produce enough prey to support the large size of these gray whales," said co-author Leigh Torres, associate professor and director of the GEMM Lab at OSU.

The data show that whale size declined concurrently with changes in the balance between upwelling and relaxation, Pirotta said.

"We haven't looked specifically at how climate change is affecting these patterns, but in general we know that climate change is affecting the oceanography of the Northeast Pacific through changes in wind patterns and water temperature," he said. "And these factors and others affect the dynamics of upwelling and relaxation in the area."

Now that they know the PCFG gray whales' body size is declining, researchers say they have a lot of new questions about downstream consequences of that decline and the factors that could be contributing to it.

"We're heading into our ninth field season studying this PCFG subgroup," Bierlich said. "This is a powerful dataset that allows us to detect changes in body condition each year, so now we're examining the environmental drivers of those changes."

The other co-authors on the paper were Lisa Hildebrand, Clara Bird and Alejandro Ajo at OSU and Leslie New at Ursinus College in Pennsylvania.
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Western agricultural communities need water conservation strategies to adapt to future shortages | ScienceDaily
The Western U.S. is heavily reliant on mountain snowpacks and their gradual melt for water storage and supply, and climate change is expected to upend the reliability of this natural process. Many agricultural communities in this part of the country are examining ways to adapt to a future with less water, and new research shows that a focus on supplementing water supply by expanding reservoir capacity won't be enough to avert future water crises.


						
Led by scientists at the Desert Research Institute (DRI), the study published June 11 in Earth's Future. By identifying agricultural communities considered at-risk from looming changes in snowfall and snowmelt patterns, the researchers found that water conservation measures like changes in crop type and extent were more stable adaptive strategies than changes to reservoir capacity. By the end of the century, many areas could have less than half the water they have historically relied on to refill their reservoirs, but changing the types and extent of their crops could help by restoring an average of about 20% of reservoir capacity.

The research team included scientists with the diversity of expertise needed to capture the complexities of water systems while balancing concerns for locally focused adaptation. Beatrice Gordon, lead author of the study and sociohydrologist and postdoctoral researcher at DRI, says the research is needed to inform water management at the local level, where most decisions are made. Gordon herself grew up on a ranch in Wyoming, where she learned firsthand the challenges that face water-insecure communities -- an experience that helped lead to her research focus on agriculture and water in the Western U.S.

"A lot of decisions about water are made at the local level, but there's this big disconnect between that reality and the macro-scale level of most research on this topic," Gordon says. "We really wanted to understand what the future could look like at the scale that most communities manage their water resources. What are the levers that folks in these communities have when it comes to a future with less snow?"

Mountain snowpacks have historically acted as nature's water towers across much of the region by storing winter precipitation and releasing it downstream during drier months. Water management systems were designed with this process in mind, but climate change is altering snowmelt patterns in ways that will make it difficult for existing systems to meet the needs of downstream water users. As the world's largest user of freshwater, irrigated agriculture is at particularly high risk from these changes.

Strategies for addressing water shortages that focus on augmenting supply include expanding reservoirs and replenishing groundwater with surplus water, but these approaches become less effective as the timing and availability of precipitation become more unpredictable. In contrast, water conservation strategies such as reducing total crop acreage, periodic crop fallowing, and shifting toward higher value crops can help manage these risks.

To find out how risk management practices could work on a community-level scale, the researchers built a comprehensive risk assessment framework based on guidance from the Intergovernmental Panel on Climate Change (IPCC). For each of 13 communities, they gathered historical data on irrigation water supply, agricultural water demand, snow storage and snowmelt patterns, and more. They then used projections for the future climate through 2100 to understand how supply and demand dynamics may change in the near future.




"We gathered all these data together and looked at the picture of risk, and then also the ways that adaptation could reduce risk," Gordon says. "Our goal was really to make this as relevant as possible for the people who are actually making decisions on the ground."

"Dr. Gordon assembled a very impressive and unprecedented dataset for this paper linking agricultural water supply and demand across the Western United States," says study co-author Gabrielle Boisrame, assistant research professor at DRI.

The Western agricultural communities the researchers selected are located in headwaters areas, making them both subject to significant changes in future climate and sentinels for the future of the West. Several of them are located in the Upper Colorado River Basin, which feeds into the main stem of the river -- a water system that supports more than 40 million people.

"A lot of these areas are providing downstream water to other communities," Gordon says. "So, if they have an increase in demand and a decrease in supply, it impacts not only that area, but also the areas that rely on that water downstream."

The study results show that there will be a stark decline in how much many of these communities will be able to refill their reservoirs in just a few decades, with some seeing declines to about half of the water they were historically able to store. A drop that significant is particularly acute in many of the smaller reservoirs that can only hold about a year's worth of water.

"It shows how important it is to dedicate effort -- now, not in 20 to 50 years -- to figuring out how we, as scientists, can provide better information about water conservation," Gordon says. "And I think that there's an opportunity to really think about how we support communities in these efforts, especially small communities in headwaters regions that might be fully dependent on agriculture."

"Our results indicate the importance of water conservation as an adaptive strategy in a warmer future with less snow," she continues. "And that's broadly true across a lot of different places in the Western U.S."
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NASA's Roman mission gets cosmic 'sneak peek' from supercomputers | ScienceDaily
Researchers are diving into a synthetic universe to help us better understand the real one. Using supercomputers at the U.S. DOE's (Department of Energy's) Argonne National Laboratory in Illinois, scientists have created nearly 4 million simulated images depicting the cosmos as NASA's Nancy Grace Roman Space Telescope and the Vera C. Rubin Observatory, jointly funded by NSF (the National Science Foundation) and DOE, in Chile will see it.


						
Michael Troxel, an associate professor of physics at Duke University in Durham, North Carolina, led the simulation campaign as part of a broader project called OpenUniverse. The team is now releasing a 10-terabyte subset of this data, with the remaining 390 terabytes to follow this fall once they've been processed.

"Using Argonne's now-retired Theta machine, we accomplished in about nine days what would have taken around 300 years on your laptop," said Katrin Heitmann, a cosmologist and deputy director of Argonne's High Energy Physics division who managed the project's supercomputer time. "The results will shape Roman and Rubin's future attempts to illuminate dark matter and dark energy while offering other scientists a preview of the types of things they'll be able to explore using data from the telescopes."

A Cosmic Dress Rehearsal

For the first time, this simulation factored in the telescopes' instrument performance, making it the most accurate preview yet of the cosmos as Roman and Rubin will see it once they start observing. Rubin will begin operations in 2025, and NASA's Roman will launch by May 2027.

The simulation's precision is important because scientists will comb through the observatories' future data in search of tiny features that will help them unravel the biggest mysteries in cosmology.

Roman and Rubin will both explore dark energy -- the mysterious force thought to be accelerating the universe's expansion. Since it plays a major role in governing the cosmos, scientists are eager to learn more about it. Simulations like OpenUniverse help them understand signatures that each instrument imprints on the images and iron out data processing methods now so they can decipher future data correctly. Then scientists will be able to make big discoveries even from weak signals.




"OpenUniverse lets us calibrate our expectations of what we can discover with these telescopes," said Jim Chiang, a staff scientist at DOE's SLAC National Accelerator Laboratory in Menlo Park, California, who helped create the simulations. "It gives us a chance to exercise our processing pipelines, better understand our analysis codes, and accurately interpret the results so we can prepare to use the real data right away once it starts coming in."

Then they'll continue using simulations to explore the physics and instrument effects that could reproduce what the observatories see in the universe.

Telescopic Teamwork

It took a large and talented team from several organizations to conduct such an immense simulation.

"Few people in the world are skilled enough to run these simulations," said Alina Kiessling, a research scientist at NASA's Jet Propulsion Laboratory (JPL) in Southern California and the principal investigator of OpenUniverse. "This massive undertaking was only possible thanks to the collaboration between the DOE, Argonne, SLAC, and NASA, which pulled all the right resources and experts together."

And the project will ramp up further once Roman and Rubin begin observing the universe.




"We'll use the observations to make our simulations even more accurate," Kiessling said. "This will give us greater insight into the evolution of the universe over time and help us better understand the cosmology that ultimately shaped the universe."

The Roman and Rubin simulations cover the same patch of the sky, totaling about 0.08 square degrees (roughly equivalent to a third of the area of sky covered by a full Moon). The full simulation to be released later this year will span 70 square degrees, about the sky area covered by 350 full Moons.

Overlapping them lets scientists learn how to use the best aspects of each telescope -- Rubin's broader view and Roman's sharper, deeper vision. The combination will yield better constraints than researchers could glean from either observatory alone.

"Connecting the simulations like we've done lets us make comparisons and see how Roman's space-based survey will help improve data from Rubin's ground-based one," Heitmann said. "We can explore ways to tease out multiple objects that blend together in Rubin's images and apply those corrections over its broader coverage."

Scientists can consider modifying each telescope's observing plans or data processing pipelines to benefit the combined use of both.

"We made phenomenal strides in simplifying these pipelines and making them usable," Kiessling said. A partnership with Caltech/IPAC's IRSA (Infrared Science Archive) makes simulated data accessible now so when researchers access real data in the future, they'll already be accustomed to the tools. "Now we want people to start working with the simulations to see what improvements we can make and prepare to use the future data as effectively as possible."
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Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice | ScienceDaily
Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.


						
The findings are detailed in a paper published on June 12 in Science Advances.

The microrobots are an ingenious combination of biology and nanotechnology. They are a joint effort between the labs of Joseph Wang and Liangfang Zhang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering.

To create the microrobots, researchers chemically attached drug-filled nanoparticles to the surface of green algae cells. The algae, which provide the microrobots with their movement, enable the nanoparticles to efficiently swim around in the lungs and deliver their therapeutic payload to tumors.

The nanoparticles are made of tiny biodegradable polymer spheres, which are loaded with the chemotherapeutic drug doxorubicin and coated with red blood cell membranes. This coating serves a critical function: it protects the nanoparticles from the immune system, allowing them to stay in the lungs long enough to exert their anti-tumor effects. "It acts as a camouflage," said study co-first author Zhengxing Li, who is a nanoengineering Ph.D. student in both Wang and Zhang's research groups. "This coating makes the nanoparticle look like a red blood cell from the body, so it will not trigger an immune response."

This formulation of nanoparticle-carrying algae is safe, the researchers noted. The materials used to make the nanoparticles are biocompatible while the green algae employed, Chlamydomonas reinhardtii, are recognized as safe for use by the U.S. Food and Drug Administration.

This study builds on prior work by Wang and Zhang's teams using similar microrobots to treat deadly pneumonia in mice. "Those were the first microrobots to be safely tested in the lungs of live animals," said Wang.




In previous work, the microrobots fought the spread of pneumonia-causing bacteria using a different drug and cell membrane combination for the nanoparticles. By tweaking these components, the team has now tailored the microrobots to fight the spread of cancer cells in the lungs. "We demonstrate that this is a platform technology that can actively and efficiently deliver therapeutics throughout the entire lung tissue to combat different types of deadly diseases in the lungs," said Zhang.

In the current study, mice with melanoma that had metastasized to the lungs were treated with the microrobots, which were administered to the lungs through a small tube inserted into the windpipe. Treated mice experienced a median survival time of 37 days, an improvement over the 27-day median survival time observed in untreated mice, as well as mice that received either the drug alone or drug-filled nanoparticles without algae.

"The active swimming motion of the microrobots significantly improved distribution of the drug to the deep lung tissue, while prolonging retention time," said Li. "This enhanced distribution and prolonged retention time allowed us to reduce the required drug dosage, potentially reducing side effects while maintaining high survival efficacy."

Moving forward, the team is working on advancing this microrobot treatment to trials in larger animals, with the ultimate goal of human clinical trials.

Paper: "Biohybrid microrobots locally and actively deliver drug-loaded nanoparticles to inhibit the progression of lung metastasis." Co-authors of the study include Fangyu Zhang*, Zhongyuan Guo*, Zhengxing Li*, Hao Luan, Yiyan Yu, Audrey T. Zhu, Shichao Ding, Weiwei Gao and Ronnie H. Fang.

*These authors contributed equally to this work.

This work was supported by the Defense Threat Reduction Agency Joint Science and Technology Office for Chemical and Biological Defense (HDTRA1-21-1-0010) and the National Institutes of Health (R21AI175904).
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What the geologic record reveals about how oceans were oxygenated 2.3 billion years ago | ScienceDaily

Scientists refers to this phenomenon as the Great Oxidation Event, or GOE for short. But the initial accumulation of O2 on Earth was not nearly as straightforward as that moniker suggests, according to new research led by a University of Utah geochemist.

This "event" lasted at least 200 million years. And tracking the accumulation of O2 in the oceans has been very difficult until now, said Chadlin Ostrander, an assistant professor in the Department of Geology and Geophysics.

"Emerging data suggest that the initial rise of O2 in Earth's atmosphere was dynamic, unfolding in fits-and-starts until perhaps 2.2. billion years ago," said Ostrander, lead author on the study published June 12 in the journal Nature. "Our data validate this hypothesis, even going one step further by extending these dynamics to the ocean."

His international research team, which is supported by the NASA Exobiology program, focused on marine shales from South Africa's Transvaal Supergroup, yielding insights into the dynamics of ocean oxygenation during this crucial period in Earth's history. By analyzing stable thallium (Tl) isotope ratios and redox-sensitive elements, they uncovered evidence of fluctuations in marine O2 levels that coincided with changes in atmospheric oxygen.

These findings help advance the understanding of the complex processes that shaped Earth's O2 levels during a critical period in the planet's history that paved the way for the evolution of life as we know it.

"We really don't know what was going on in the oceans, where Earth's earliest lifeforms likely originated and evolved," said Ostrander, who joined the U faculty last year from the Woods Hole Oceanographic Institution in Massachusetts. "So knowing the O2 content of the oceans and how that evolved with time is probably more important for early life than the atmosphere."

The research builds on the work of Ostrander's co-authors Simon Poulton of the University of Leeds in the U.K and Andrey Bekker of the University of California, Riverside. In a 2021 study, their team of scientists discovered that O2 did not become a permanent part of the atmosphere until about 200 million years after the global oxygenation process began, much later than previously thought.




The "smoking gun" evidence of an anoxic atmosphere is the presence of rare, mass-independent sulfur isotope signatures in sedimentary records before the GOE. Very few processes on Earth can generate these sulfur isotope signatures, and from what is known their preservation in the rock record almost certainly requires an absence of atmospheric O2.

For the first half of Earth's existence, its atmosphere and oceans were largely devoid of O2. This gas was being produced by cyanobacteria in the ocean before the GOE, it seems, but in these early days the O2 was rapidly destroyed in reactions with exposed minerals and volcanic gasses. Poulton, Bekker and colleagues discovered that the rare sulfur isotope signatures disappear but then reappear, suggesting multiple O2 rises and falls in the atmosphere during the GOE. This was no single 'event.'

"Earth wasn't ready to be oxygenated when oxygen starts to be produced. Earth needed time to evolve biologically, geologically and chemically to be conducive to oxygenation," Ostrander said. "It's like a teeter totter. You have oxygen production, but you have so much oxygen destruction, nothing's happening. We're still trying to figure out when we've completely tipped the scales and Earth could not go backwards to an anoxic atmosphere."

To map O2 levels in the ocean during the GOE, the research team relied on Ostrander's expertise with stable thallium isotopes.

Isotopes are atoms of the same element that have an unequal number of neutrons, giving them slightly different weights. Ratios of a particular element's isotopes have powered discoveries in archaeology, geochemistry and many other fields.

Advances in mass spectrometry have enabled scientists to accurately analyze isotope ratios for elements farther and farther down the Periodic Table, such as thallium. Luckily for Ostrander and his team, thallium isotope ratios are sensitive to manganese oxide burial on the seafloor, a process that requires O2 in seawater. The team examined thallium isotopes in the same marine shales recently shown to track atmospheric O2 fluctuations during the GOE with rare sulfur isotopes.

In the shales, Ostrander and his team found noticeable enrichments in the lighter-mass thallium isotope (203Tl), a pattern best explained by seafloor manganese oxide burial, and hence accumulation of O2 in seawater. These enrichments were found in the same samples lacking the rare sulfur isotope signatures, and hence when the atmosphere was no longer anoxic. The icing on the cake: the 203Tl enrichments disappear when the rare sulfur isotope signatures return. These findings were corroborated by redox-sensitive element enrichments, a more classical tool for tracking changes in ancient O2.

"When sulfur isotopes say the atmosphere became oxygenated, thallium isotopes say that the oceans became oxygenated. And when the sulfur isotopes say the atmosphere flipped back to anoxic again, the thallium isotopes say the same for the ocean," Ostrander said. "So the atmosphere and ocean were becoming oxygenated and deoxygenated together. This is new and cool information for those interested in ancient Earth."
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To heal skin, scientists invent living bioelectronics | ScienceDaily
For much of his childhood, Simiao Niu was troubled by psoriasis, a chronic, often painful skin condition, mostly on his arms.


						
Sometimes, the prescribed ointment worked and treated the inflamed, red areas produced by the disease. But he was never sure if he was using enough, whether the skin irritation was healing and when he should stop treatment.

Years later, as an engineer on the team at Apple Inc. that devised the electronics in Apple watches monitoring heart rhythm, Niu had a revelation: Could a similar wearable electronic device be developed to treat skin ailments such as psoriasis and provide patients with continuous feedback?

Now, Niu, an assistant professor of biomedical engineering in the School of Engineering at Rutgers-New Brunswick, has played a crucial role in the development of the kind of device that he dreamed of: a unique prototype of what he and his research collaborators are calling a "living bioelectronic" designed to treat psoriasis.

Describing the advance in Science magazine, Niu and collaborators, including scientists at the University of Chicago led by Bozhi Tian and Columbia University, reported developing a patch -- a combination of advanced electronics, living cells and hydrogel -- that is showing efficacy in experiments in mice.

The patch represents not only a potential treatment for psoriasis, but a new technology platform to deliver treatments for medical needs as diverse as wounds and, potentially, various skin cancers, Niu said.

"We were looking for a new type of device that combines sensing and treatment for managing skin inflammation diseases like psoriasis," Niu said. "We found that by combining living bacteria, flexible electronics and adhesive skin interface materials, we were able to create a new type of device."

The circular patch is about 1 inch in diameter and wafer thin. The patch contains electronic chips, bacterial cells and a gel made from starch and gelatin. Tests in mice conducted by the research team showed that the device could continuously monitor and improve psoriasis-like symptoms without irritating skin.




The device, Niu said, is a leap forward from conventional bioelectronics, which are generally composed of electronic components that are encased in a soft synthetic layer that reduces irritation when in contact with the body. The patches placed on a patient's chest for an electrocardiogram are examples of conventional devices.

Niu's invention could be seen as a "living drug," he said, in that it incorporates living cells as part of its therapy. S. epidermidis, which lives on human skin and has been shown to reduce inflammation, is incorporated into the device's gel casing. A thin, flexible printed circuit forms the skeleton of the device.

When the device is placed on skin, the bacteria secrete compounds that reduce inflammation, while sensors in the flexible circuits monitor the skin for signals indicating healing, such as skin impedance, temperature and humidity. The data collected by the circuits is beamed wirelessly to a computer or a cell phone, a process that would allow patients to monitor their healing process.

During his years at Apple, before he joined Rutgers faculty in 2022, Niu and other engineers were forwarded hundreds of thank-you notes that had been sent to the chief executive's office. The customers wrote to credit their Apple watches with saving their lives, Niu said. The watches' built-in heart rate monitors pointed to a condition -- an arrhythmia known as atrial fibrillation -- the customers said they didn't know they had. Atrial fibrillation can lead to strokes if left untreated.

"When you produce the kinds of things that positively affect people's lives, you feel very proud," Niu said. "That is something that inspires me a lot and motivates me to do my current research."

Clinical trials to test the device on human patients must come next, Niu said, as the first step toward commercialization. Once there is evidence of positive results with minimum side effects, the inventors would apply for FDA approval in order to bring the device to market, Niu said.

Other authors of the study from Rutgers included Fuying Dong and Chi Han, two graduate students at the Department of Biomedical Engineering in the School of Engineering.
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Towards a new era in flexible piezoelectric sensors for both humans and robots | ScienceDaily
Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers from Japan tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in medicine, healthcare, and robotics.


						
The world is accelerating rapidly towards the intelligent era -- a stage in history marked by increased automation and interconnectivity by leveraging technologies such as artificial intelligence and robotics. As a sometimes-overlooked foundational requirement in this transformation, sensors represent an essential interface between humans, machines, and their environment.

However, now that robots are becoming more agile and wearable electronics are no longer confined to science fiction, traditional silicon-based sensors won't make the cut in many applications. Thus, flexible sensors, which provide better comfort and higher versatility, have become a very active area of study. Piezoelectric sensors are particularly important in this regard, as they can convert mechanical stress and stretching into an electrical signal. Despite numerous promising approaches, there remains a lack of environmentally sustainable methods for mass-producing flexible, high-performance piezoelectric sensors at a low cost.

Against this backdrop, a research team from Shinshu University, Japan, decided to step up to the challenge and improve flexible piezoelectric sensor design using a well-established manufacturing technique: electrospinning. Their latest study, which was led by Distinguished Professor Ick Soo Kim in association with Junpeng Xiong, Ling Wang, Mayakrishnan Gopiraman, and Jian Shi, was published on 2 May, 2024, in the journal Nature Communications.

The proposed flexible sensor design involves the stepwise electrospinning of a composite 2D nanofiber membrane. First, polyvinylidene fluoride (PVDF) nanofibers with diameters in the order of 200 nm are spun, forming a strong uniform network that acts as the base for the piezoelectric sensor. Then, ultrafine PVDF nanofibers with diameters smaller than 35 nm are spun onto the preexisting base. These fibers become automatically interweaved between the gaps of the base network, creating a particular 2D topology.

After characterization via experiments, simulations, and theoretical analyses, the researchers found that the resulting composite PVDF network had enhanced beta crystal orientation. By enhancing this polar phase, which is responsible for the piezoelectric effect observed in PVDF materials, the piezoelectric performance of the sensors was significantly improved. To increase the stability of the material further, the researchers introduced dopamine (DA) during the electrospinning process, which created a protective core-shell structure.

"Sensor fabricated from using PVDF/DA composite membranes exhibited superb performance, including a wide response range of 1.5-40 N, high sensitivity of 7.29 V/N to weak forces in the range of 0-4 N, and excellent operational durability," remarks Kim. These exceptional qualities were demonstrated practically using wearable sensors to measure a wide variety of human movements and actions. More specifically, the proposed sensors, when worn by a human, could produce an easily distinguishable voltage response to natural motions and physiological signals. This included finger tapping, knee and elbow bending, foot stamping, and even speaking and wrist pulses.

Given the potential low-cost mass production of these piezoelectric sensors, combined with their use of environmentally friendly organic materials instead of harmful inorganics, this study could have important technological implications not only for health monitoring and diagnostics, but also robotics. "Despite the current challenges, humanoid robots are poised to play an increasingly integral role in the very near future. For instance, the well-known Tesla robot 'Optimus' can already mimic human motions and walk like a human," muses Kim, "Considering high-tech sensors are currently being used to monitor robot motions, our proposed nanofiber-based superior piezoelectric sensors hold much potential not only for monitoring human movements, but also in the field of humanoid robotics."

To make the adoption of these sensors easier, the research team will be focusing on improving the material's electrical output properties so that flexible electronic components can be driven without the need for an external power source. Hopefully, further progress in this area will accelerate our stride towards the intelligent era, leading to more comfortable and sustainable lives.
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No bones about it: 100-million-year-old bones reveal new species of pterosaur | ScienceDaily
New Curtin University-led research has identified 100-million-year-old fossilised bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.


						
Unearthed in 2021 by Kronosaurus Korner museum curator Kevin Petersen, the fossilised remains have been found to belong to Haliskia peterseni, a new genus and species of anhanguerian pterosaur.

Based on the shape of its skull, arrangement of teeth and shape of the shoulder bone, a research team led by PhD student Adele Pentland, from Curtin's School of Earth and Planetary Sciences, identified the specimen as an anhanguerian, which is a group of pterosaurs known to have lived across the world, including in what is now Brazil, England, Morocco, China, Spain and the United States.

"With a wingspan of approximately 4.6m, Haliskia would have been a fearsome predator around 100 million years ago when much of central western Queensland was underwater, covered by a vast inland sea and globally positioned about where Victoria's southern coastline is today," Ms Pentland said.

"Careful preparation by Mr Petersen has provided the remains of the most complete specimen of an anhanguerian, and of any pterosaur, discovered in Australia to date.

"Haliskia is 22 per cent complete, making it more than twice as complete as the only other known partial pterosaur skeleton found in Australia.

"The specimen includes complete lower jaws, the tip of the upper jaw, 43 teeth, vertebrae, ribs, bones from both wings and part of a leg. Also present are very thin and delicate throat bones, indicating a muscular tongue, which helped during feeding on fish and cephalopods."

Haliskia peterseni joins several significant marine fossil specimens on display at Kronosaurus Korner, including Kronosaurus queenslandicus, the largest marine reptile with a skull at least 2.4m long, the most complete plesiosaur from Australia and bones from the plesiosaur Eromangasaurus and the ichthyosaur Platypterygius.

Mr Petersen said this latest discovery was an exciting boost for science, education and regional tourism.

"I'm thrilled that my discovery is a new species, as my passion lies in helping shape our modern knowledge of prehistoric species," Mr Petersen said.
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Are plants intelligent? It depends on the definition | ScienceDaily
Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?


						
The question is not easy to answer, but Andre Kessler, a chemical ecologist, makes an argument for plant intelligence in a recent paper in the journal Plant Signaling and Behavior.

"There are more than 70 definitions that are published for intelligence and there is no agreement on what it is, even within a given field," said Kessler, professor in the Department of Ecology and Evolutionary Biology in the College of Agriculture and Life Sciences.

Many people believe that intelligence requires a central nervous system, with electrical signals acting as the medium for processing information. Some plant biologists equate plant vascular systems with central nervous systems, and propose that some kind of centralized entity in the plant allows them to process information and respond. But Kessler firmly disagrees with that idea.

"There is no good evidence for any of the homologies with the nervous system, even though we clearly see electrical signaling in plants, but the question is how important is that signaling for a plant's ability to process environmental cues?" He said.

To make their argument for plant intelligence, Kessler and co-author Michael Mueller, a doctoral student in his lab, narrowed their definition down to the most basic elements: "The ability to solve problems, based on the information that you get from the environment, toward a particular goal," Kessler said.

As a case study, Kessler points to his earlier research investigating goldenrod and its responses when eaten by pests. When leaf beetle larvae eat goldenrod leaves, the plant emits a chemical that informs the insect that the plant is damaged and is a poor source of food. These airborne chemicals, called volatile organic compounds (VOCs), are also picked up by neighboring goldenrod plants, prompting them to produce their own defenses against the beetle larvae. In this way, goldenrod move herbivores on to neighbors, and distribute damage.




In a 2022 paper in the journal Plants, Kessler and co-author Alexander Chauta, Ph.D. '21, ran experiments to show that goldenrod can also perceive higher far-red light ratios reflected off leaves of neighboring plants. When neighbors are present and goldenrods are eaten by beetles, they invest more into tolerating the herbivore by growing faster yet also start producing defensive compounds that help the plants fight off insect pests. When no neighbors are present, the plants don't resort to accelerated growth when eaten and the chemical responses to herbivores are markedly different, though they still tolerate quite high amounts of herbivory.

"This would fit our definition of intelligence," Kessler said. "Depending on the information it receives from the environment, the plant changes its standard behavior."

Neighboring goldenrod also exhibit intelligence when they perceive VOCs that signal the presence of a pest. "The volatile emission coming from a neighbor is predictive of future herbivory," Kessler said. "They can use an environmental cue to predict a future situation, and then act on that."

Applying the concept of intelligence to plants can inspire fresh hypotheses about the mechanisms and functions of plant chemical communication, while also shifting people's thinking about what intelligence really means, Kessler said.

The latter idea is timely, as artificial intelligence is a current topic of interest. For example, he said, artificial intelligence doesn't solve problems toward a goal, at least not yet. "Artificial intelligence, by our definition of intelligence, is not even intelligent," he said. It is instead based on the patterns it identifies in information it can access.

An idea that interests Kessler came from mathematicians in the 1920s who proposed that perhaps plants functioned more like beehives. In this case, each cell operates like an individual bee, and the entire plant is analogous to a hive.




"What that means is, the brain in the plant is the entire plant without the need of central coordination," Kessler said.

Instead of electrical signaling, there is chemical signaling throughout the superorganism. Studies by other researchers have shown that every plant cell has broad light spectrum perception and sensory molecules to detect very specific volatile compounds coming from neighboring plants.

"They can smell out their environment very precisely; every single cell can do it, as far as we know," he said. Cells might be specialized, but they also all perceive the same things, and they communicate via chemical signaling to trigger a collective response in growth or metabolism. "That idea is very appealing to me," he said.

The paper was supported by a grant from the New Phytologist Fund.
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An AI-powered wearable system tracks the 3D movement of smart pills in the gut | ScienceDaily
Scientists at the University of Southern California have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings. This work appears June 12 in the journal Cell Reports Physical Science.


						
"Ingestibles are like Fitbits for the gut," says author Yasser Khan, assistant professor of electrical and computer engineering at the University of Southern California. "But tracking them once swallowed has been a significant challenge."

Gas that is formed in the intestines when bacteria break down food can offer insights into a person's health. Currently, to measure GI tract gases, physicians either use direct methods such as flatus collection and intestinal tube collection, or indirect methods such as breath testing and stool analysis. Ingestible capsules -- devices that a user swallows -- offer a promising alternative, but no such technologies have been developed for precise gas sensing.

To tackle this problem, Khan and colleagues developed a system that includes a wearable coil, which the user can conceal under a t-shirt or other clothing. The coil creates a magnetic field, which interacts with sensors embedded in an ingestible pill after it has been swallowed. AI analyzes the signals the pill receives, pinpointing where the device is located in the gut within less than a few millimeters. In addition, the system monitors 3D real-time concentrations of ammonia, a proxy for a bacteria linked with ulcers and gastric cancer, via the device's optical gas-sensing membranes.

While previous attempts to track ingestibles as they journey through the gut have relied on bulky desktop coils, the wearable coil can be used anywhere, says Khan. The technology may also have other applications beyond measuring GI tract gases, such as identifying inflammation in the gut caused by Crohn's disease and delivering drugs to precisely these regions.

The researchers tested the system's performance in a variety of mediums that mimic the GI tract, including a simulated cow intestine and liquids designed to replicate stomach and intestinal fluids.

"During these tests, the device demonstrated its ability to pinpoint its location and measure levels of oxygen and ammonia gases," says Khan. "Any ingestible device can utilize the technology we've developed."

However, there are still improvements to be made to the device, says Khan, such as designing it to be smaller and to use less power. Next, as they continue to hone the device, Khan and colleagues plan to test it in pigs in order to study its safety and effectiveness in an organism with human-like biology.

"Successful outcomes from these trials will bring the device nearer to readiness for human clinical trials," says Khan. "We are optimistic about the practicality of the system and believe it will soon be applicable for use in humans."
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AI-powered simulation training improves human performance in robotic exoskeletons | ScienceDaily
Researchers at North Carolina State University have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.


						
"This work proposes and demonstrates a new machine-learning framework that bridges the gap between simulation and reality to autonomously control wearable robots to improve mobility and health of humans," says Hao Su, corresponding author of a paper on the work which will be published June 12 in the journal Nature.

"Exoskeletons have enormous potential to improve human locomotive performance," says Su, who is an associate professor of mechanical and aerospace engineering at North Carolina State University. "However, their development and broad dissemination are limited by the requirement for lengthy human tests and handcrafted control laws.

"The key idea here is that the embodied AI in a portable exoskeleton is learning how to help people walk, run or climb in a computer simulation, without requiring any experiments," says Su.

Specifically, the researchers focused on improving autonomous control of embodied AI systems -- which are systems where an AI program is integrated into a physical robot technology. This work focused on teaching robotic exoskeletons how to assist able-bodied people with various movements. Normally, users have to spend hours "training" an exoskeleton so that the technology knows how much force is needed -- and when to apply that force -- to help users walk, run or climb stairs. The new method allows users to utilize the exoskeletons immediately.

"This work is essentially making science fiction reality -- allowing people to burn less energy while conducting a variety of tasks," says Su.

"We have developed a way to train and control wearable robots to directly benefit humans," says Shuzhen Luo, first author of the paper and a former postdoctoral researcher at NC State. Luo is now an assistant professor at Embry-Riddle Aeronautical University.




For example, in testing with human subjects, the researchers found that study participants used 24.3% less metabolic energy when walking in the robotic exoskeleton than without the exoskeleton. Participants used 13.1% less energy when running in the exoskeleton, and 15.4% less energy when climbing stairs.

"It's important to note that these energy reductions are comparing the performance of the robotic exoskeleton to that of a user who is not wearing an exoskeleton," Su says. "That means it's a true measure of how much energy the exoskeleton saves."

While this study focused on the researchers' work with able-bodied people, the new method also applies to robotic exoskeleton applications aimed at helping people with mobility impairments.

"Our framework may offer a generalizable and scalable strategy for the rapid development and widespread adoption of a variety of assistive robots for both able-bodied and mobility-impaired individuals," Su says.

"We are in the early stages of testing the new method's performance in robotic exoskeletons being used by older adults and people with neurological conditions, such as cerebral palsy. And we are also interested in exploring how the method could improve the performance of robotic prosthetic devices for amputee populations."

This research was done with support from the National Science Foundation under awards 1944655 and 2026622; the National Institute on Disability, Independent Living, and Rehabilitation Research, under award 90DPGE0019 and Switzer Research Fellowship SFGE22000372; and the National Institutes of Health, under award 1R01EB035404.

Shuzhen Luo and Hao Su are co-inventors on intellectual property related to the controller discussed in this work. Su is also a co-founder of, and has a financial interest in, Picasso Intelligence, LLC, which develops exoskeletons.
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New technique reveals earliest signs of genetic mutations | ScienceDaily
Mutations are changes in the molecular "letters" that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.


						
The study authors say their technique -- HiDEF-seq, short for Hairpin Duplex Enhanced Fidelity Sequencing -- could advance our understanding of the basic causes of mutations, in both healthy cells and in cancer, and how genetic changes naturally accumulate in human cells as people age.

Led by a team of researchers at NYU Langone Health, with collaborators across North America and in Denmark, the work helps to resolve the earliest steps in how mutations occur in DNA.

The new study is based on the understanding that DNA is made up of two strands of molecular letters, or bases. Each strand is composed of four types of letters: adenine (A), thymine (T), guanine (G), and cytosine (C). The bases of each strand pair with bases in the other strand in a specific pattern, with As pairing with Ts and Gs pairing with Cs. This allows the DNA code to be replicated and passed down accurately from one generation of cells to the next. Importantly, mutations are changes in the DNA code that are present in both strands of DNA. For example, a base pair of G and C, with a G on one strand paired with a C on the other strand, can mutate to an A and T base pair.

However, researchers say, most mutations have their origins in DNA changes that are present in only one of the two DNA strands, and these single-strand changes, such as a mismatched G and T base pair, cannot be accurately identified using previous testing techniques. These changes can occur when a DNA strand is not copied correctly during replication, as a cell divides into two cells, or when one of the two DNA strands is damaged by heat or by other chemicals in the body. If these single-strand DNA changes are not repaired by the cell, then the changes are at risk of becoming permanent double-strand mutations.

Publishing in the journal Nature online June 12, the HiDEF-seq technique was shown to detect double-strand mutations with extremely high accuracy, with an estimate of one recording error per 100 trillion base pairs analyzed. Moreover, HiDEF-seq detected changes in the DNA letter code while they were present on just one of the two strands of DNA, before they become permanent double-strand mutations.

"Our new HiDEF-seq sequencing technique allows us to see the earliest fingerprints of molecular changes in DNA when the changes are only in single strands of DNA," said senior study author Gilad Evrony, MD, PhD, a core member of the Center for Human Genetics & Genomics at NYU Grossman School of Medicine.




Because people with genetic syndromes linked to cancer are known to have higher rates of mutations in their cells than cells in people with no cancer predisposition, researchers began their experiments by describing the DNA changes in healthy cells from people with these syndromes. Specifically, investigators worked with healthy cells from people with polymerase proofreading-associated polyposis (PPAP), a hereditary condition linked to an increased risk for colorectal cancer, and congenital mismatch repair deficiency (CMMRD), another hereditary condition that increases the likelihood of several cancers in children.

Using HiDEF-seq, researchers found a higher number of single-strand DNA changes in their cells, such as a T paired with a C in place of the original G paired with a C, than in the cells from people who did not have either syndrome. Moreover, the pattern of these single-strand changes was similar to the pattern observed in the double-strand DNA mutations for people with either syndrome.

Subsequent experiments were performed in human sperm, which are known to have among the lowest double-strand mutation rates of any human cell type. Researchers found that the pattern of chemical damage, called cytosine deamination, observed by HiDEF-seq in single stands of DNA in sperm, closely matched the damage observed in blood DNA intentionally damaged by heat. This, the researchers say, suggests that the two patterns of chemical damage to DNA, one natural and the other induced, occur through a similar process.

"Our study lays the foundation for using the HiDEF-seq technique in future experiments to transform our understanding of how DNA damage and mutations arise," said Evrony, who is also an assistant professor in the Department of Pediatrics and the Department of Neuroscience and Physiology at NYU Grossman School of Medicine. Single-strand changes in DNA occur continually as cells divide and multiply, and while layers of repair mechanisms fix most changes, some get through and become mutations.

"Our long-term goal is to use HiDEF-seq to create a comprehensive catalogue of single-strand DNA mismatch and damage patterns that will help explain the known double-strand mutation patterns," said Evrony. "In the future, we hope to combine profiling of single-strand DNA lesions, as obtained from HiDEF-seq, with the lesions' resulting double-strand mutations to better understand and monitor the everyday effects on DNA from environmental exposures."

Geneticists estimate that there are approximately 12 billion bases or individual DNA letters that can be damaged or mismatched in each human cell, as there are two copies of the genetic code, with one copy inherited from each parent. Each of these copies comprisea double-stranded DNA spanning 3 billion base pairs. Evrony says that every base position in the genetic code is likely damaged or mutated at some point during an individual's lifetime in at least some cells.




Funding for the study was provided by National Institutes of Health grants UG3NS132024, R21HD105910, DP5OD028158, T32AG052909, F32AG076287, and P30CA016087. Additional funding support was provided by the Sontag Foundation, the Pew Foundation, and the Jacob Goldfield Foundation.

Evrony and NYU have a patent application pending on the HiDEF-seq method.

Evrony owns equity in DNA-sequencing companies Illumina, Pacific Biosciences, and Oxford Nanopore Technologies, some of whose products were adapted for use in this study. All of these arrangements are being managed in accordance with the policies and practices of NYU Langone Health.

Besides Evrony, other NYU Langone researchers involved in this study are co-lead authors Mei-Hong Liu and Benjamin Costa, and co-authors Emilia Bianchini, Una Choi, Rachel Bandler, Marta Gronska-Peski, Adam Schwing, Zachary Murphy, Caitlin Loh, and Tina Truong. Other study co-investigators include Emilie Lassen, Daniel Rosenkjaer, Anne-Bine Skytte, at the Cryos International Sperm and Egg Bank in Copenhagen, Denmark; Shany Picciotto and Jonathan Shoag, at Case Western Reserve University in Cleveland, Ohio; Vanessa Bianchi, Lucie Stengs, Melissa Edwards, Nuno Miguel Nunes, and Uri Tabori, at The Hospital for Sick Children in Toronto, Canada; Randall Brand, at the University of Pittsburgh in Pennsylvania; Tomi Pastinen, at Children's Mercy Kansas City in Missouri; and Richard Wagner, at the Universite de Sherbrooke in Canada.
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Ritual sacrifice at Chichen Itza | ScienceDaily
Rising to power in the wake of the Classic Maya collapse, Chichen Itza was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. In a new study in Nature, researchers discover a practice of ritual child sacrifice focused exclusively on males. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh. Further comparison to Maya populations today reveals the genetic impact of colonial-era epidemics.


						
Located in the heart of Mexico's Yucatan peninsula, the ancient Maya city of Chichen Itza is one of North America's most iconic and enigmatic archaeological sites. It rose to power in the aftermath of the Classic Maya collapse and was a populous and powerful political center in the centuries preceding the arrival of the Spanish. Chichen Itza's influence extended throughout the Maya region and deep into the heart of Central Mexico. Famed for its monumental architecture, including more than a dozen ballcourts and numerous temples, among them the massive temple of El Castillo adorned with feathered serpents, it has been under archaeological investigation for more than a century.

Chichen Itza is perhaps best known for its extensive evidence of ritual killing, which includes both the physical remains of sacrificed individuals and representations in monumental art. The controversial dredging of the site's Sacred Cenote in the early 20th century identified the remains of hundreds of individuals, and a full-scale stone representation of a massive tzompantli (skull rack) in the site's core point to the centrality of sacrifice within the ritual life at Chichen Itza. Despite its notoriety, however, the role and context of ritual killing at the site remain poorly understood.

A large proportion of sacrificed individuals at the site are children and adolescents. Although there is a widespread belief that females were the primary focus of sacrifice at the site, sex is difficult to determine from juvenile skeletal remains by physical examination alone, and more recent anatomical analyses suggest that many of the older juveniles may in fact be male. In 1967, a subterranean chamber was discovered near the Sacred Cenote that contained the scattered remains of more than a hundred young children. The chamber, which was likely a repurposed chultun (water cistern), had been enlarged to connect to a small cave. Among the ancient Maya, caves, cenotes (natural sinkholes), and chultuns have long been associated with child sacrifice, and such subterranean features were widely viewed as connection points to the underworld.

To better understand ritual life and the context of child sacrifice at Chichen Itza, an international team of researchers from institutions including the Max Planck Institutes for Evolutionary Anthropology (MPI-EVA, Leipzig) and Geoanthropology (MPI-GEA, Jena), the National School of Anthropology and History (ENAH, Mexico City), the National Institute of Anthropology and History (INAH-Yucatan, Merida), and Harvard University (Cambridge) conducted an in-depth genetic investigation of the remains of 64 children ritually interred within the chutun at Chichen Itza.

A ritual sacrifice focused on males and close kin

Dating of the remains revealed that the chultun was used for mortuary purposes for more than 500 years, from the 7th to 12th centuries AD, but that most of the children were interred during the 200-year period of Chichen Itza's political apex between 800 to 1,000 AD. Unexpectedly, genetic analysis revealed that all 64 tested individuals were male. Further genetic analysis revealed that the children had been drawn from local Maya populations, and that at least a quarter of the children were closely related to at least one other child in the chultun. These young relatives had consumed similar diets, suggesting they were raised in the same household. "Our findings showcase remarkably similar dietary patterns among individuals exhibiting a first- or second-degree familial connection," says co-author Patxi Perez-Ramallo, postdoctoral researcher at the Department of Archaeology and Cultural History, NTNU University Museum, Trondheim, Norway and the MPI-GEA.




"Most surprisingly, we identified two pairs of identical twins," says Kathrin Nagele, co-author and group leader at the MPI-EVA. "We can say this with certainty because our sampling strategy ensured we would not duplicate individuals." Taken together, the findings indicate that related male children were likely being selected in pairs for ritual activities associated with the chultun.

"The similar ages and diets of the male children, their close genetic relatedness, and the fact that they were interred in the same place for more than 200 years point to the chultun as a post-sacrificial burial site, with the sacrificed individuals having been selected for a specific reason," says Oana Del Castillo-Chavez, co-author and researcher in the Physical Anthropology Section at the Centro INAH Yucatan.

Connections to the Popol Vuh

Twins hold a special place in the origin stories and spiritual life of the ancient Maya. Twin sacrifice is a central theme in the sacred K'iche' Mayan Book of Council, known as the Popol Vuh, a colonial-era book whose antecedents can be traced back more than 2,000 years in the Maya region. In the Popol Vuh, the twins Hun Hunahpu and Vucub Hunahpu descend into the underworld and are sacrificed by the gods following defeat in a ballgame. The twin sons of Hun Hunahpu, known as the Hero Twins Hunahpu and Xbalanque, then go on to avenge their father and uncle by undergoing repeated cycles of sacrifice and resurrection in order to outwit the gods of the underworld. The Hero Twins and their adventures are amply represented in Classic Maya art, and because subterranean structures were viewed as entrances to the underworld, the interment of twins and pairs of close kin within the chultun at Chichen Itza may recall rituals involving the Hero Twins.

"Early 20th century accounts falsely popularized lurid tales of young women and girls being sacrificed at the site," says Christina Warinner, John L. Loeb Associate Professor of the Social Sciences and Anthropology at Harvard University and a group leader at the MPI-EVA. "This study, conducted as a close international collaboration, turns that story on its head and reveals the deep connections between ritual sacrifice and the cycles of human death and rebirth described in sacred Maya texts."

The enduring genetic legacy of colonial epidemics

The detailed genetic information obtained at Chichen Itza has also allowed researchers to investigate another major outstanding question in Mesoamerica: the long-term genetic impact of colonial-era epidemics on Indigenous populations. Working closely with residents of the local Maya community of Tixcacaltuyub, researchers found evidence of genetic positive selection in immunity-related genes, and specifically selection for genetic variants that are protective against Salmonella infection. During the 16th century in Mexico, wars, famines, and epidemics caused a population decline as high as 90 percent, and among the most serious epidemics was the 1545 cocoliztli epidemic, recently identified as being caused by the pathogen Salmonella enterica Paratyphi C.

"The present-day Maya carry the genetic scars of these colonial-era epidemics," says lead author Rodrigo Barquera, immunogeneticist and postdoctoral researcher at the MPI-EVA. "Multiple lines of evidence point to specific genetic changes in the immune genes of present-day Mexicans of Indigenous and mixed-ancestry descent that are linked to enhanced resistance to Salmonella enterica infection."

The study of ancient DNA is increasingly allowing more detailed and complex questions to be asked about the past. "The new information gained from ancient DNA has not only allowed us to dispel outdated hypotheses and assumptions and to gain new insights into the biological consequences of past events, it has given us a glimpse into the cultural lives of the ancient Maya," says senior author Johannes Krause, Director of the Department of Archaeogenetics at the MPI-EVA. Such studies also empower Indigenous researchers to shape narratives of the past and set priorities for the future. "It is significant to me as a research professor of indigenous origin that I can contribute to the construction of knowledge," says Maria Ermila Moo-Mezeta, Mayan co-author of the study and researcher at the Autonomous University of Yucatan (UADY). "I consider the preservation of the historical memory of the Mayan people to be important."
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Just thinking about a location activates mental maps in the brain | ScienceDaily
As you travel your usual route to work or the grocery store, your brain engages cognitive maps stored in your hippocampus and entorhinal cortex. These maps store information about paths you have taken and locations you have been to before, so you can navigate whenever you go there.


						
New research from MIT has found that such mental maps also are created and activated when you merely think about sequences of experiences, in the absence of any physical movement or sensory input. In an animal study, the researchers found that the entorhinal cortex harbors a cognitive map of what animals experience while they use a joystick to browse through a sequence of images. These cognitive maps are then activated when thinking about these sequences, even when the images are not visible.

This is the first study to show the cellular basis of mental simulation and imagination in a nonspatial domain through activation of a cognitive map in the entorhinal cortex.

"These cognitive maps are being recruited to perform mental navigation, without any sensory input or motor output. We are able to see a signature of this map presenting itself as the animal is going through these experiences mentally," says Mehrdad Jazayeri, an associate professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, and the senior author of the study.

McGovern Institute Research Scientist Sujaya Neupane is the lead author of the paper, which will appear in Nature. Ila Fiete, a professor of brain and cognitive sciences at MIT, a member of MIT's McGovern Institute for Brain Research, director of the K. Lisa Yang Integrative Computational Neuroscience Center, is also an author of the paper.

Mental maps

A great deal of work in animal models and humans has shown that representations of physical locations are stored in the hippocampus, a small seahorse-shaped structure, and the nearby entorhinal cortex. These representations are activated whenever an animal moves through a space that it has been in before, just before it traverses the space, or when it is asleep.




"Most prior studies have focused on how these areas reflect the structures and the details of the environment as an animal moves physically through space," Jazayeri says. "When an animal moves in a room, its sensory experiences are nicely encoded by the activity of neurons in the hippocampus and entorhinal cortex."

In the new study, Jazayeri and his colleagues wanted to explore whether these cognitive maps are also built and then used during purely mental run-throughs or imagining of movement through nonspatial domains.

To explore that possibility, the researchers trained animals to use a joystick to trace a path through a sequence of images ("landmarks") spaced at regular temporal intervals. During the training, the animals were shown only a subset of pairs of images but not all the pairs. Once the animals had learned to navigate through the training pairs, the researchers tested if animals could handle the new pairs they had never seen before.

One possibility is that animals do not learn a cognitive map of the sequence, and instead solve the task using a memorization strategy. If so, they would be expected to struggle with the new pairs. Instead, if the animals were to rely on a cognitive map, they should be able to generalize their knowledge to the new pairs.

"The results were unequivocal," Jazayeri says. "Animals were able to mentally navigate between the new pairs of images from the very first time they were tested. This finding provided strong behavioral evidence for the presence of a cognitive map. But how does the brain establish such a map?"

To address this question, the researchers recorded from single neurons in the entorhinal cortex as the animals performed this task. Neural responses had a striking feature: As the animals used the joystick to navigate between two landmarks, neurons featured distinctive bumps of activity associated with the mental representation of the intervening landmarks.




"The brain goes through these bumps of activity at the expected time when the intervening images would have passed by the animal's eyes, which they never did," Jazayeri says. "And the timing between these bumps, critically, was exactly the timing that the animal would have expected to reach each of those, which in this case was 0.65 seconds."

The researchers also showed that the speed of the mental simulation was related to the animals' performance on the task: When they were a little late or early in completing the task, their brain activity showed a corresponding change in timing. The researchers also found evidence that the mental representations in the entorhinal cortex don't encode specific visual features of the images, but rather the ordinal arrangement of the landmarks.

A model of learning

To further explore how these cognitive maps may work, the researchers built a computational model to mimic the brain activity that they found and demonstrate how it could be generated. They used a type of model known as a continuous attractor model, which was originally developed to model how the entorhinal cortex tracks an animal's position as it moves, based on sensory input.

The researchers customized the model by adding a component that was able to learn the activity patterns generated by sensory input. This model was then able to learn to use those patterns to reconstruct those experiences later, when there was no sensory input.

"The key element that we needed to add is that this system has the capacity to learn bidirectionally by communicating with sensory inputs. Through the associational learning that the model goes through, it will actually recreate those sensory experiences," Jazayeri says.

The researchers now plan to investigate what happens in the brain if the landmarks are not evenly spaced, or if they're arranged in a ring. They also hope to record brain activity in the hippocampus and entorhinal cortex as the animals first learn to perform the navigation task.

"Seeing the memory of the structure become crystallized in the mind, and how that leads to the neural activity that emerges, is a really valuable way of asking how learning happens," Jazayeri says.

The research was funded by the Natural Sciences and Engineering Research Council of Canada, the Quebec Research Funds, the National Institutes of Health, and the Paul and Lilah Newton Brain Science Award.
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Inherited genetic factors may predict the pattern of X chromosome loss in older women | ScienceDaily


						Researchers have identified inherited genetic variants that may predict the loss of one copy of a woman's two X chromosomes as she ages, a phenomenon known as mosaic loss of chromosome X, or mLOX. These genetic variants may play a role in promoting abnormal blood cells (that have only a single copy of chromosome X) to multiply, which may lead to several health conditions, including cancer. The study, co-led by researchers at the National Cancer Institute, part of the National Institutes of Health, was published June 12, 2024, in Nature.


						
To better understand the causes and effects of mLOX, researchers analyzed circulating white blood cells of nearly 900,000 women across eight biobanks, of whom 12% had the condition. The researchers identified 56 common genetic variants -- located near genes associated with autoimmune diseases and cancer susceptibility -- that influenced whether mLOX developed. In addition, rare variants in a gene known as FBXO10 were associated with a doubling in the risk of mLOX.

In women with mLOX, the investigators also identified a set of inherited genetic variants on the X chromosome that were more frequently observed on the retained X chromosome than on the one that was lost. These variants could one day be used to predict which copy of the X chromosome is retained when mLOX occurs. This is important because the copy of the X chromosome with these variants may have a growth advantage that could elevate the woman's risk for blood cancer.

The researchers also looked for associations of mLOX with more than 1,200 diseases and confirmed previous findings of an association with increased risk of leukemia and susceptibility to infections that cause pneumonia.

The scientists suggest that future research should focus on how mLOX interacts with other types of genetic variation and age-related changes to potentially alter disease risk.
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Wind from black holes may influence development of surrounding galaxies | ScienceDaily
Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.


						
A team of researchers led by University of Wisconsin-Madison astronomy professor Catherine Grier and recent graduate Robert Wheatley revealed the accelerating gas using years of data collected from a quasar, a particularly bright and turbulent kind of black hole, billions of light years away in the constellation Bootes. They presented their findings today at the 244th meeting of the American Astronomical Society in Madison.

Scientists believe black holes are situated at the center of most galaxies. Quasars are supermassive black holes surrounded by disks of matter being pulled in by the black hole's enormous gravitational power.

"The material in that disk is always falling into the black hole, and the friction of that pulling and pulling heats up the disk and makes it very, very hot and very, very bright," says Grier. "These quasars are really luminous, and because there's a large range of temperatures from the interior to the far parts of the disk, their emission covers almost all of the electromagnetic spectrum."

The bright light makes quasars nearly as old as the universe (as many as 13 billion light years away) visible, and the broad range of their radiation makes them particularly useful for astronomers to probe the early universe.

Researchers used more than eight years of observations of a quasar called SBS 1408+544, collected by a program carried out by the Sloan Digital Sky Survey now known as the Black Hole Mapper Reverberation Mapping Project. They tracked winds composed of gaseous carbon by spotting light from the quasar that was missing -- light that was being absorbed by the gas. But instead of being absorbed at exactly the right spot in the spectrum that would indicate carbon, the shadow shifted farther from home with every new look at SBS 1408+544.

"That shift tells us the gas is moving fast, and faster all the time," says Wheatley. "The wind is accelerating because it's being pushed by radiation that is blasted off of the accretion disk."

Scientists, including Grier, have suggested they've observed accelerating winds from black hole accretion disks before, but this had not yet been backed by data from more than a few observations. The new results came from about 130 observations of SBS 1408+544 made over nearly a decade, which allowed the team to solidly identify the increase in velocity with high confidence.




The winds pushing gas out from the quasar are of interest to astronomers because they are a way in which the supermassive black holes might influence the evolution of the galaxies that surround them.

"If they're energetic enough, the winds may travel all the way out into the host galaxy, where they could have a significant impact," Wheatley says.

Depending on the circumstances, a quasar's winds could supply pressure that squeezes gas together and speeds the birth of a star in its host galaxy. Or it could scour away that fuel and keep a potential star from forming.

"Supermassive black holes are big, but they're really tiny compared to their galaxies," says Grier, whose work is supported by the National Science Foundation. "That doesn't mean they can't 'talk' to each other, and this is a way for one to talk to the other that we will have to account for when we model the effects of these kinds of black holes."

The study of SBS 1408+544, published today in The Astrophysical Journal included collaborators at York University, Pennsylvania State University, University of Arizona and others.

This research was funded in part by grants from the National Science Foundation (AST-2310211 and AST-2309930).
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How do supermassive black holes get super massive? | ScienceDaily
By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies. Using this hybrid approach, a research team led by Penn State astronomers derived a complete picture of black-hole growth over 12 billion years, from the Universe's infancy at around 1.8 billion years old to now at 13.8 billion years old.


						
The research comprises two papers, one published in The Astrophysical Journal in April 2024, and one as yet unpublished that will be submitted to the same journal. The results will be presented at the 244th meeting of the American Astronomical Society, held June 9 through June 13 at the Monona Terrace Convention Center in Madison, Wisconsin. 

"Supermassive black holes in galaxy centers have millions-to-billions of times the mass of the Sun," said Fan Zou, a graduate student at Penn State and first author of the papers. "How do they become such monsters? This is a question that astronomers have been studying for decades, but it has been difficult to track all the ways black holes can grow reliably."

Supermassive black holes grow through a combination of two main channels. They consume cold gas from their host galaxy -- a process called accretion -- and they can merge with other supermassive black holes when galaxies collide.

"During the process of consuming gas from their hosting galaxies, black holes radiate strong X-rays, and this is the key to tracking their growth by accretion," said W. Niel Brandt, Eberly Family Chair Professor of Astronomy and Astrophysics and professor of physics at Penn State and a leader of the research team. "We measured the accretion-driven growth using X-ray sky survey data accumulated over more than 20 years from three of the most powerful X-ray facilities ever launched into space."

The research team used complementary data from NASA's Chandra X-ray Observatory, the European Space Agency's X-ray Multi-Mirror Mission-Newton (XMM-Newton), and the Max Planck Institute for Extraterrestrial Physics' eROSITA telescope. In total, they measured the accretion-driven growth in a sample of 1.3 million galaxies that contained over 8,000 rapidly growing black holes.

"All of the galaxies and black holes in our sample are very well characterized at multiple wavelengths, with superb measurements in the infrared, optical, ultraviolet, and X-ray bands," Zou said. "This allows for robust conclusions, and the data show that, at all cosmic epochs, more massive galaxies grew their black holes by accretion faster. With the quality of the data, we were able to quantify this important phenomenon much better than in past works."

The second way that supermassive black holes grow is through mergers, where two supermassive black holes collide and merge together to form a single, even more massive, black hole. To track growth by mergers, the team used IllustrisTNG, a set of supercomputer simulations that model galaxy formation, evolution, and merging from shortly after the Big Bang until the present.




"In our hybrid approach, we combine the observed growth by accretion with the simulated growth through mergers to reproduce the growth history of supermassive black holes," Brandt said. "With this new approach, we believe we have produced the most realistic picture of the growth of supermassive black holes up to the present day."

The researchers found that, in most cases, accretion dominated black-hole growth. Mergers made notable secondary contributions, especially over the past 5 billion years of cosmic time for the most-massive black holes. Overall, supermassive black holes of all masses grew much more rapidly when the Universe was younger. Because of this, the total number of supermassive black holes was almost settled by 7 billion years ago, while earlier in the Universe many new ones kept emerging.

"With our approach, we can track how central black holes in the local universe most likely grew over cosmic time," Zou said. "As an example, we considered the growth of the supermassive black hole in the center of our Milky Way Galaxy, which has a mass of 4 million solar masses. Our results indicate that our Galaxy's black hole most likely grew relatively late in cosmic time."

In addition to Zou and Brandt, the research team includes Zhibo Yu, graduate student at Penn State; Hyungsuk Tak, assistant professor of statistics and of astronomy and astrophysics at Penn State; Elena Gallo at the University of Michigan; Bin Luo at Nanjing University in China; Qingling Ni at the Max Planck Institute for Extraterrestrial Physics in Germany; Yongquan Xue at the University of Science and Technology of China; and Guang Yang at the University of Groningen in the Netherlands.

Funding from the U.S. National Science Foundation, the Chandra X-ray Center, and Penn State supported this work. The work was also made possible by the sharing of the IllustrisTNG simulation results with the scientific community.
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From seashells to cement, nature inspires tougher building material | ScienceDaily
Inspired by the material that makes up oyster and abalone shells, engineers at Princeton have created a new cement composite that is 17 times more crack-resistant than standard cement and 19 times more able to stretch and deform without breaking. The findings could eventually help increase the crack resistance of a wide range of brittle ceramic materials, from concrete to porcelain.


						
"If we can engineer concrete to resist crack propagation, we can make it tougher, safer and more durable," said researcher Shashank Gupta, a graduate student in Reza Moini's lab in the Department of Civil and Environmental Engineering.

In an article published June 10 in the journal Advanced Functional Materials, the research team led by Moini, an assistant professor of civil and environmental engineering, reported that creating alternating layers of tabulated cement paste and thin polymer can significantly increase crack resistance and the ability to deform without completely breaking (ductility).

Moini's lab often looks to biology for inspiration in its work on building materials. In this case, the team developed a composite inspired by a natural material called nacre, or mother of pearl, which is found inside certain shells. Gupta said that at the microscopic level, nacre consists of hexagonal tablets of the hard mineral aragonite glued together by a soft biopolymer.

The aragonite tablets contribute significantly to nacre's strength, while the biopolymer adds flexibility and crack resistance. The toughening mechanism involves the aragonite tablets sliding under stress, which, along with other mechanisms, allows the nacre to dissipate energy. This sliding action, combined with the crack deflection and biopolymer deformation, enables nacre to endure substantial mechanical stress while maintaining its structural integrity, making it both strong and resilient.

"This synergy between the hard and soft components is crucial to nacre's remarkable mechanical properties," Gupta said.

The Princeton team has developed innovative composites inspired by nacre, utilizing conventional construction materials like Portland cement paste combined with a limited amount of polymer. They alternated layers of cement paste sheets with a highly stretchable polymer, polyvinyl siloxane. The researchers created multi-layered small beams by alternating cement paste sheets with thin layers of polymer. These beams were then subjected to a notched three-point bending test, where each beam was tested under flexure to evaluate crack resistance (or fracture toughness).




In the experiment, the researchers produced three types of beams. The first type consisted of alternating layers of cement paste sheets and thin polymer. For the second type, they used a laser to engrave hexagonal grooves into the cement paste sheets. These grooved sheets were then stacked with thin polymer layers in between. The third type was similar to the third, but the researchers cut through the cement completely, creating separated hexagonal tablets connected by the polymer layer. These cement-paste tablets lay atop the polymer layer similarly to how aragonite lies on the biopolymer layer in nacre. These three types were compared against a reference solid (monolithic) cast cement paste counterpart.

The experiments revealed that the failure of the reference beams was brittle -- meaning that the beams broke suddenly and completely upon reaching their failure point, with no ductility. The beams with alternating layers, both grooved and non-grooved, demonstrated increased ductility and resistance to cracking.

The most significant results were observed in the beams with completely separated hexagonal tablets, which are similar to nacre. These beams exhibited 19 times the ductility and 17 times the fracture toughness while retaining nearly the same strength as the solid cement paste beam.

"Our bio-inspired approach is not to simply mimic nature's microstructure but to learn from the underlying principles and use that to inform the engineering of human-made materials. One of the key mechanisms that makes a nacreous shell tough is the sliding of the tablet at the nanometer level. Here, we focus on the mechanism of tablet sliding by engineering the built-in tabulated structure of cement paste in balance with the properties of the polymer and the interface between them." Moini said. "In other words, we intentionally engineer defects in the brittle materials as a way to make them stronger by design."

The researchers noted that the findings are based on lab conditions and that it would take additional work and research to develop the techniques for use in the field. They are working to determine whether the structures' fracture toughness and ductility apply to other ceramic materials beyond cement paste, such as concrete.

"We are only scratching the surface; there will be numerous design possibilities to explore and engineer the constitutive hard and soft material properties, the interfaces, and the geometric aspects that play into the fundamental size effects in construction materials," Moini said.
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3D-printed mini-actuators can move small soft robots, lock them into new shapes | ScienceDaily
Researchers from North Carolina State University have demonstrated miniature soft hydraulic actuators that can be used to control the deformation and motion of soft robots that are less than a millimeter thick. The researchers have also demonstrated that this technique works with shape memory materials, allowing users to repeatedly lock the soft robots into a desired shape and return to the original shape as needed.


						
"Soft robotics holds promise for many applications, but it is challenging to design the actuators that drive the motion of soft robots on a small scale," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at NC State. "Our approach makes use of commercially available multi-material 3D printing technologies and shape memory polymers to create soft actuators on a microscale that allow us to control very small soft robots, which allows for exceptional control and delicacy."

The new technique relies on creating soft robots that consist of two layers. The first layer is a flexible polymer that is created using 3D printing technologies and incorporates a pattern of microfluidic channels -- essentially very small tubes running through the material. The second layer is a flexible shape memory polymer. Altogether, the soft robot is only 0.8 millimeters thick.

By pumping fluid into the microfluidic channels, users create hydraulic pressure that forces the soft robot to move and change shape. The pattern of microfluidic channels controls the motion and shape change of the soft robot -- whether it bends, twists, or so on. In addition, the amount of fluid being introduced, and how quickly it is introduced, controls how quickly the soft robot moves and the amount of force the soft robot exerts.

If users wish to 'freeze' the soft robot's shape, they can apply moderate heat (64C, or 147F), and then let the robot cool briefly. This prevents the soft robot from reverting to its original shape, even after the liquid in the microfluidic channels is pumped out. If users want to return the soft robot to its original shape, they simply apply the heat again after pumping out the liquid, and the robot relaxes to its original configuration.

"A key factor here is fine-tuning the thickness of the shape memory layer relative to the layer that contains the microfluidic channels," says Yinding Chi, co-lead author of the paper and a former Ph.D. student at NC State. "You need the shape memory layer to be thin enough to bend when the actuator's pressure is applied, but thick enough to get the soft robot to retain its shape even after the pressure is removed."

To demonstrate the technique, the researchers created a soft robot "gripper," capable of picking up small objects. The researchers applied hydraulic pressure, causing the gripper to pinch closed on an object. By applying heat, the researchers were able to fix the gripper in its "closed" position, even after releasing pressure from the hydraulic actuator. The gripper could then be moved -- transporting the object it held -- into a new position. Researchers then applied heat again, causing the gripper to release the object it had picked up. Video of these soft robots in action can be found at https://youtu.be/5SIwsw9IyIc.




"Because these soft robots are so thin, we can heat them up to 64C quickly and easily using a small infrared light source -- and they also cool very quickly," says Haitao Qing, co-lead author of the paper and a Ph.D. student at NC State. "So this entire series of operations only takes about two minutes.

"And the movement does not have to be a gripper that pinches," says Qing. "We've also demonstrated a gripper that was inspired by vines in nature. These grippers quickly wrap around an object and clasp it tightly, allowing for a secure grip.

"This paper serves as a proof-of-concept for this new technique, and we're excited about potential applications for this class of miniature soft actuators in small-scale soft robots, shape-shifting machines, and biomedical engineering."

This work was done with support from the National Science Foundation under grants 2126072 and 2329674.
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Scientists spot more Milky Way-like galaxies in early universe | ScienceDaily
University of Missouri scientists are peering into the past and uncovering new clues about the early universe. Since light takes a long time to travel through space, they are now able to see how galaxies looked billions of years ago.


						
In a new study, the Mizzou researchers have discovered that spiral galaxies were more common in the early universe than previously thought.

"Scientists formerly believed most spiral galaxies developed around 6 to 7 billion years after the universe formed," said Yicheng Guo, an associate professor in Mizzou's Department of Physics and Astronomy and co-author on the study. "However, our study shows spiral galaxies were already prevalent as early as 2 billion years afterward. This means galaxy formation happened more rapidly than we previously thought."

This insight could help scientists develop a better understanding of how spiral galaxies such as the Milky Way, Earth's home galaxy, formed over time.

"Knowing when spiral galaxies formed in the universe has been a popular question in astronomy because it helps us understand the evolution and history of the cosmos," said Vicki Kuhn, a graduate student in Mizzou's Department of Physics and Astronomy who led the study. "Many theoretical ideas exist about how spiral arms are formed, but the formation mechanisms can vary amongst different types of spiral galaxies. This new information helps us better match the physical properties of galaxies with theories -- creating a more comprehensive cosmic timeline."

Using recent images from NASA's James Webb Space Telescope (JWST), the scientists found that nearly 30% of galaxies have a spiral structure about 2 billion years after the universe formed. The discovery provides a significant update to the universe's origin story as previously told using data from NASA's Hubble Space Telescope.

Studying distant galaxies with JWST gives Guo, Kuhn and other scientists an opportunity to solve a cosmic puzzle by determining the meaning of each clue.

"Using advanced instruments such as JWST allows us to study more distant galaxies with greater detail than ever before," Guo said. "A galaxy's spiral arms are a fundamental feature used by astronomers to categorize galaxies and understand how they form over time. Even though we still have many questions about the universe's past, analyzing this data helps us uncover additional clues and deepens our understanding of the physics that shaped the nature of our universe."

"JWST Reveals a Surprisingly High Fraction of Galaxies Being Spiral-like at 0.5 [?] z [?] 4," was published in The Astrophysical Journal Letters. Additional co-authors are Alec Martin, Julianna Bayless, Ellie Gates and AJ Puleo. This project was supported by University of Missouri Research Council grants and the Missouri Space Grant Consortium.

This study was presented by Kuhn at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.
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Origins of fast radio bursts come into focus through polarized light | ScienceDaily
What scientists previously thought about where Fast Radio Bursts (FRBs) come from is just the tip of the iceberg, according to new research led by astronomers at the University of Toronto. The mysteries of the millisecond-long cosmic explosions are unfolding with a new way of analyzing data from the Canadian Hydrogen Intensity Mapping Experiment (CHIME).


						
Published today in The Astrophysical Journal, the study details the properties of polarized light from 128 non-repeating FRBs -- those from sources that have only produced a single burst to date. It finds that they appear to come from galaxies like our own Milky Way with modest densities and modest magnetic fields.

Previous studies of FRBs have focused on much smaller samples of hyperactive repeating sources that, in contrast, appear to originate in dense, extremely magnetized environments. Only about 3 per cent of known FRBs repeat, coming from a source that has produced multiple bursts since being found.

Most radio telescopes can only see small points in the sky, making it easier to focus on repeating FRBs with known positions. CHIME can survey an extremely large area of the sky to detect both repeating and non-repeating FRBs.

"This was the first look at the other 97 per cent," says lead author Ayush Pandhi, a PhD student at the Dunlap Institute for Astronomy & Astrophysics and the David A. Dunlap Department of Astronomy & Astrophysics at the University of Toronto. "It allows us to reconsider what we think FRBs are and see how repeating and non-repeating FRBs may be different."

First detected in 2007, FRBs are extremely energetic flashes from distant sources across the universe. While over 1,000 FRBs have been catalogued since then, scientists do not yet know exactly where or how they are produced. They have also questioned whether repeating and non-repeating FRBs originate in similar environments.

"This is a new way to analyze the data we have on FRBs. Instead of just looking at how bright something is, we're also looking at the angle of the light's vibrating electromagnetic waves," says Pandhi. "It gives you additional information about how and where that light is produced, and what it has passed through on its journey to us over many millions of light years."

All light travels as waves that we interpret as different colours depending on the lengths between its peaks and valleys. Much of the light in the universe travels in wavelengths that the human eye cannot see, including light from FRBs, but radio telescopes like CHIME can.




Polarized light is made up of waves that vibrate in a single plane -- vertically, horizontally, or another angle in between. The direction that light from FRBs is polarized was seen to change in two ways: with time and with the colour of the light. These changes can explain how an FRB might have been produced and what kind of material it passes through on its journey to Earth.

Studying how the direction of polarization changes for different colours of the light can tell us about the local density of where an FRB is produced and the strength of the magnetism that is present within it.

To determine what FRBs are and how they are produced, scientists need to understand their local environments. This study concludes that most FRBs, those that do not repeat, are not like the few repeating sources that have been previously studied. It suggests that this sample is either a separate population or more evolved versions of the same population that originate in a less extreme environment with a lower burst rate.

Collaborating institutions include the Dunlap Institute at the University of Toronto, the University of California Santa Cruz, University of Amsterdam and McGill University.

The CHIME project is co-led by the University of British Columbia, McGill University, University of Toronto and the Dominion Radio Astrophysical Observatory with collaborating institutions across North America. It is located at the Dominion Radio Astrophysical Observatory, a national facility for astronomy operated by the National Research Council of Canada, on the traditional, ancestral and unceded territory of the Syilx/Okanagan people.
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Algae offer real potential as a renewable electricity source | ScienceDaily
The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of Concordia researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.


						
Researchers at the Optical-Bio Microsystems Lab recently published a new paper on this topic in the journal Energies. In it, they describe their method of extracting energy from the photosynthesis process of algae suspended in a specialized solution and housed in small power cells. Configured correctly, these cells can generate enough energy to power low- and ultra-low power devices such as Internet of Things (IoT) sensors.

"The idea of the micro photosynthetic power cell is to extract electrons produced through the process of photosynthesis," says Kirankumar Kuruvinashetti, PhD 20, now a Mitacs postdoctoral associate at the University of Calgary.

"Photosynthesis produces oxygen and electrons. Our model traps the electrons, which allows us to generate electricity. So more than being a zero-emission technology, it's a negative carbon emission technology: it absorbs carbon dioxide from the atmosphere and gives you a current. Its only byproduct is water."

Power generated day and night

The micro photosynthetic power cell consists of an anode and a cathode chamber separated by a honeycomb-shaped proton exchange membrane. The researchers fabricated microelectrodes on both sides of the membrane to collect the charges released by the algae during photosynthesis. Each chamber measures only two centimetres by two centimetres by four millimetres.

The algae are suspended in a two-millilitre solution in the anode chamber while the cathode is filled with potassium ferricyanide, a type of electron acceptor. Once the algae undergo photosynthesis and begin to release electrons, the electrons will be collected through the membrane's electrodes and conducted, creating a current.




The protons, meanwhile, will pass through the membrane into the cathode and cause oxidation, resulting in a potassium ferrocyanide reduction.

The process also works without direct sunlight, though at a lower intensity, explains PhD candidate and paper co-author Dhilippan Panneerselvam.

"Just like humans, algae are constantly breathing -- but they intake carbon dioxide and release oxygen. Due to their photosynthesis machinery, they also release electrons during respiration. The electricity generation is not stopped. The electrons are continuously harvested."

Muthukumaran Packirisamy, professor in the Department of Mechanical, Industrial and Aerospace Engineering and the paper's corresponding author, admits the system is not yet able to compete in power generation with others like photovoltaic cells. The maximum possible terminal voltage of a single micro photosynthetic power cell is only 1.0V.

But he believes that, with enough research and development, including artificial intelligence-assisted integration technologies, this technology has the potential to be a viable, affordable and clean power source in the future.

It also offers significant manufacturing advantages over other systems, he says.

"Our system does not use any of the hazardous gases or microfibres needed for the silicon fabrication technology that photovoltaic cells rely on. Furthermore, disposing of silicon computer chips is not easy. We use biocompatible polymers, so the whole system is easily decomposable and very cheap to manufacture."
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Would astronauts' kidneys survive a roundtrip to Mars? | ScienceDaily
The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.


						
The study, published in Nature Communications, is the largest analysis of kidney health in space flight to date and includes the first health dataset for commercial astronauts. It is published as part of a Nature special collection of papers on space and health.

Researchers have known that space flight causes certain health issues since the 1970s, in the years after humans first travelled beyond Earth's magnetic field, most famously during the first moon landing in 1969. These issues include loss of bone mass, weakening of the heart and eyesight, and development of kidney stones.

It is thought that many of these issues stem from exposure to space radiation, such as solar winds from the Sun and Galactic Cosmic Radiation (GCR) from deep space, that the Earth's magnetic field protects us from on Earth1. As most manned space flights take place in Low Earth orbit (LEO) and receive partial protection from Earth's magnetic field, only the 24 people who have travelled to the moon have been exposed to unmitigated GCR and only for a short time (6-12 days).

Nobody has studied what changes might be happening in the kidneys and other organs as a result of conditions that would be experienced during space travel beyond Earth's magnetic field over longer periods.

In this Wellcome, St Peters Trust and Kidney Research UK (KRUK) funded study, a UCL-led team of researchers from over 40 institutions across five continents conducted a range of experiments and analyses to investigate how the kidneys respond to space flight.

This included biomolecular, physiological and anatomical assessments using data and samples from 20 study cohorts. This included samples from over 40 Low Earth orbit space missions involving humans and mice, most of which were to the International Space Station, as well as 11 space simulations involving mice and rats.




Seven of these simulations involved mice exposed to simulated GCR doses equivalent to 1.5-year and 2.5-year Mars Missions, mimicking space flight beyond Earth's magnetic field.

The results indicated that both human and animal kidneys are 'remodelled' by the conditions in space, with specific kidney tubules responsible for fine tuning calcium and salt balance showing signs of shrinkage after less than a month in space. Researchers say the likely cause of this is microgravity rather than GCR, though further research is required to determine if the interaction of microgravity and GCR can accelerate or worsen these structural changes.

The primary reason that kidney stones develop during space missions had previously been assumed to be solely due to microgravity-induced bone loss that leads to a build-up of calcium in the urine. Rather, the UCL team's findings indicated that the way the kidneys process salts is fundamentally altered by space flight and likely a primary contributor to kidney stone formation.

Perhaps the most alarming finding, at least for any astronaut considering a three-year round trip to Mars, is that the kidneys of mice exposed to radiation simulating GCR for 2.5 years experienced permanent damage and loss of function.

Dr Keith Siew, first author of the study from the London Tubular Centre, based at the UCL Department of Renal Medicine, said: "We know what has happened to astronauts on the relatively short space missions conducted so far, in terms of an increase in health issues such as kidney stones. What we don't know is why these issues occur, nor what is going to happen to astronauts on longer flights such as the proposed mission to Mars.

"If we don't develop new ways to protect the kidneys, I'd say that while an astronaut could make it to Mars they might need dialysis on the way back. We know that the kidneys are late to show signs of radiation damage; by the time this becomes apparent it's probably too late to prevent failure, which would be catastrophic for the mission's chances of success."

The authors say that though the results identify serious obstacles to a Mars mission, it is necessary to identify problems before solutions can be developed.




Professor Stephen B. Walsh, senior author of the study from the London Tubular Centre, UCL Department of Renal Medicine, said: "Our study highlights the fact that if you're planning a space mission, kidneys really matter. You can't protect them from galactic radiation using shielding, but as we learn more about renal biology it may be possible to develop technological or pharmaceutical measures to facilitate extended space travel.

"Any drugs developed for astronauts may also be beneficial here on Earth, for example by enabling cancer patients' kidneys to tolerate higher doses of radiotherapy, the kidneys being one of the limiting factors in this regard."

Though the study only describes what happens to the kidneys up to two and a half years, it is the most comprehensive data available for the time being.
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Trash-sorting robot mimics complex human sense of touch | ScienceDaily
Today's intelligent robots can accurately recognize many objects through vision and touch. Tactile information, obtained through sensors, along with machine learning algorithms, enables robots to identify objects previously handled.


						
However, sensing is often confused when presented with objects similar in size and shape, or objects unknown to the robot. Other factors restrictive to robot perception include background noise and the same type of object with different shapes and sizes.

In Applied Physics Reviews, by AIP Publishing, researchers from Tsinghua University worked to break through the difficulties of robotic recognition of various common, yet complex, items.

Humans possess many different types of touch sensing, one of which is thermal feeling. This allows us to sense the wind blowing, perceive hot and cold, and discriminate between matter types, such as wood and metal, because of the different cooling sensations produced. The researchers aimed to mimic this ability by designing a robotic tactile sensing method that incorporated thermal sensations for more robust and accurate object detection.

"We propose utilizing spatiotemporal tactile sensing during hand grasping to extend the robotic function and ability to simultaneously perceive multi-attributes of the grasped object, including thermal conductivity, thermal diffusivity, surface roughness, contact pressure, and temperature," said author Rong Zhu.

The team created a layered sensor with material detection at the surface and pressure sensitivity at the bottom, with a porous middle layer sensitive to thermal changes. They paired this sensor with an efficient cascade classification algorithm that rules out object types in order, from easy to hard, starting with simple categories like empty cartons before moving on to orange peels or scraps of cloth.

To test the capabilities of their method, the team created an intelligent robot tactile system to sort garbage. The robot picked up a range of common trash items, including empty cartons, bread scraps, plastic bags, plastic bottles, napkins, sponges, orange peels, and expired drugs. It sorted the trash into separate containers for recyclables, food scraps, hazardous waste, and other waste. Their system achieved a classification accuracy of 98.85% in recognizing diverse garbage objects not encountered previously. This successful garbage sorting behavior could greatly reduce human labor in real-life scenarios and provide a broad applicability for smart life technologies.

Future research in this area will focus on enhancing robotic embodied intelligence and autonomous implementation.

"In addition, by combining this sensor with brain-computer interface technology, tactile information collected by the sensor could be converted into neural signals acceptable to the human brain, re-empowering tactile perception capabilities for people with hand disabilities," said Zhu.
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Detecting early linguistic signs of dementia by studying the natural speech of seniors | ScienceDaily
A study led by linguists from the Department of English, Linguistics and Theatre Studies (ELTS) at the NUS Faculty of Arts and Social Sciences (FASS) has found that early linguistic signs of dementia can be detected through the study of the natural speech of senior Singaporeans.


						
This groundbreaking study, conducted together with researchers from the NUS Yong Loo Lin School of Medicine (NUS Medicine), compared the natural speech of cognitively healthy persons with those suffering from mild cognitive impairment (MCI) to detect linguistic markers of dementia. It revealed that those with memory-related MCI spoke less and produced fewer, but more abstract, nouns -- a speech pattern that is consistent with patients diagnosed with Alzheimer's disease, a specific type of dementia.

The study's principal investigator, NUS Department of ELTS Professor Bao Zhiming, noted that Singapore provides a unique environment for this research given the varied use of languages here, with four official languages and a blend of various dialects. He added, "Previous studies had analysed targeted and smaller volumes of language data through word-based fluency tests, structured interviews and picture narrations. Our study has never been done before as it focused on unstructured and spontaneous speech that is easy to collect and analyse."

Team member, Yeo Boon Khim Mind Science Centre (YBK MSC) Advisory Board Member and NUS Medicine's psychiatrist Emeritus Professor Kua Ee Heok, said, "There is an urgent need for innovative strategies to combat the rising rate of dementia in Singapore given our rapidly aging population. As research data for this study were taken from participants of a broader YBK MSC research project known as the Community Health Intergenerational (CHI) Study, led by Dr Rathi Mahendran, the findings will ultimately contribute to the CHI study's goal of identifying at-risk seniors and implementing interventions that can help the elderly age well."

The study was published in the journal Alzheimer's & Dementia: Diagnosis, Assessment and Disease Monitoring on 18 April.

Compiling and analysing natural speech data 

The team obtained natural speech data from 148 elderly Singaporeans in their 60s and 70s -- half of them were cognitively healthy (individuals who have the ability to think clearly, learn and remember) while the other half of the participants had MCI.




Out of the 74 subjects with MCI, 38 had been diagnosed with amnestic MCI (MCI that affects the memory) while 36 had been diagnosed with non-amnestic MCI (MCI that affects thinking skills other than memory). Amnestic MCI carries a higher risk of conversion to Alzheimer's disease while non-amnestic MCI is linked to a higher risk of conversion to other types of dementia such as Lewy Body Dementia. Overall, an estimated 10 to 20 per cent of people aged 65 or older with MCI go on to develop dementia.

Participants were instructed to speak about any topic in English for 20 minutes with minimal involvement from interviewers and these were recorded with simple digital voice recorders in an ordinary office setting. Topics varied freely and widely, ranging from work and retirement to family life and public affairs.

The recordings yielded 267,310 words which were then transcribed and then tagged as noun or verb using a Part-of-Speech tagger software. The team then calculated the per-minute word counts and concreteness scores of all tagged words.

Early signs of dementia detected in people with amnestic MCI

Findings revealed that participants with amnestic MCI spoke less, produced fewer and more abstract nouns than people with non-amnestic MCI and the healthy controls. Verbs were not affected. A problem with imageability, which is the degree to which a word's meaning evokes a mental image, was detected in natural everyday speech by people with amnestic MCI.

Dr Luwen Cao, also from the NUS Department of ELTS, said, "Our findings are a significant breakthrough as traditional diagnoses of dementia are done following a battery of neuropsychological and neurological tests. The study of natural speech to detect linguistic signs of early cognitive decline is a reliable, non-invasive and cost-effective tool that could possibly help medical practitioners in the early diagnosis, intervention and management of the progressive disease."

Moving forward, the team plans to work with the neurologists at the YBK MSC to device language-based intervention strategies to address the language difficulties experienced by people with amnestic MCI.

Prof Bao said, "Ultimately, our research aims to contribute to healthy aging in Singapore. Singapore is aging fast; a quarter of Singaporeans are over 60 years old. By exploring innovative diagnostic tools and intervention strategies, we hope to improve the quality of life for older adults and reduce the burden on healthcare systems. Our work is one step towards ensuring that our aging population enjoy longer, healthier lives."
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How did a satellite galaxy of the Milky Way come to be? | ScienceDaily
Crater 2, located approximately 380,000 light years from Earth, is one of the largest satellite galaxies of the Milky Way. Extremely cold and with slow-moving stars, Crater 2 has low surface brightness. How this galaxy originated remains unclear.


						
"Since its discovery in 2016, there have been many attempts to reproduce Crater 2's unusual properties, but it has proved very challenging," said Hai-Bo Yu, a professor of physics and astronomy at the University of California, Riverside, whose team now offers an explanation for Crater 2's origin in a paper published in The Astrophysical Journal Letters.

A satellite galaxy is a smaller galaxy that orbits a larger host galaxy. Dark matter makes up 85% of the universe's matter, and it can form a spherical structure under the influence of gravity called a dark matter halo. Invisible, the halo permeates and surrounds a galaxy like Crater 2. The fact that Crater 2 is extremely cold indicates its halo has a low density.

Yu explained that Crater 2 evolved in the tidal field of the Milky Way and experienced tidal interactions with the host galaxy, similar to how Earth's oceans experience tidal forces due to the gravity of the Moon. In theory, the tidal interactions can reduce the density of the dark matter halo.

However, the latest measurements of the orbit of Crater 2 around the Milky Way suggest the strength of the tidal interactions is too weak to lower the satellite galaxy's dark matter density to be consistent with its measurements -- if dark matter is made of cold, collisionless particles, as expected from the prevailing cold dark matter theory, or CDM.

"Another puzzle is how Crater 2 could have a large size, as the tidal interactions would reduce the size when the satellite galaxy evolves in the tidal field of the Milky Way," Yu said.

Yu and his team invoke a different theory to explain Crater 2's properties and origin. Called self-interacting dark matter, or SIDM, it can compellingly explain diverse dark matter distributions. It proposes that dark matter particles self-interact through a dark force, strongly colliding with one another close to the center of a galaxy.




"Our work shows that SIDM can explain the unusual properties of Crater 2," Yu said. "The key mechanism is that dark matter self-interactions thermalize the halo of Crater 2 and produce a shallow density core, that is, the dark matter density is flattened at small radii. In contrast, in a CDM halo, the density would increase sharply toward the center of the galaxy."

According to Yu, in SIDM, a relatively small strength of tidal interactions, consistent with what can be expected from measurements of Crater 2's orbit, is sufficient to lower Crater 2's dark matter density, consistent with observations.

"Importantly, the galaxy size also expands in a SIDM halo, which explains Crater 2's large size," Yu said. "Dark matter particles are just more loosely bound in a cored SIDM halo than in a 'cuspy' CDM halo. Our work shows that SIDM is better than CDM at explaining how Crater 2 originated."

Yu was joined in the study by Daneng Yang of UCR, and Xingyu Zhang and Haipeng An of Tsinghua University in China.

Yu's research was supported by the John Templeton Foundation and the U.S. Department of Energy.
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Major milestone in cutting harmful gases that deplete ozone layer and worsen global warming | ScienceDaily
A new study has revealed significant progress in the drive to reduce levels in the atmosphere of chemicals that destroy Earth's ozone layer, confirming the success of historic regulations limiting their production.


						
The findings, led by the University of Bristol and published today in Nature Climate Change, show for the first time a notable decline in the atmospheric levels of potent ozone-depleting substances (ODS), called hydrochlorofluorocarbons (HCFCs). These HCFCs are also potent greenhouse gases, so a reduction should also lessen global warming.

The Montreal Protocol was agreed to internationally in 1987 to introduce controls on the production and usage of ODS, which were once widely used in the manufacture of hundreds of products, including refrigerators, aerosol sprays, foams and packaging.

HCFCs were developed as replacements for chlorofluorocarbons (CFCs). While production of CFCs has been banned globally since 2010, HCFC production and usage is still being phased out.

Lead author Dr Luke Western, Marie Curie Research Fellow at the University's School of Chemistry, said: "The results are very encouraging. They underscore the great importance of establishing and sticking to international protocols.

"Without the Montreal Protocol, this success would not have been possible, so it's a resounding endorsement of multilateral commitments to combat stratospheric ozone depletion, with additional benefits in tackling human-induced climate change."

The international study shows the total amount of ozone depleting chlorine contained in all HCFCs peaked in 2021. Because these compounds are also potent greenhouse gases, their contribution to climate change also peaked in that year. This maximum occurred five years before the most recent predictions. Although the drop between 2021 and 2023 was less than 1%, it still shows HCFC emissions are heading in the right direction.




Dr Western said: "Their production is currently being phased out globally, with a completion date slated for 2040. In turn these HCFCs are being replaced by non-ozone depleting hydrofluorocarbons (HFCs) and other compounds. By enforcing strict controls and promoting the adoption of ozone-friendly alternatives, the protocol has successfully curbed the release and levels of HCFCs into the atmosphere."

The results rely on high-precision measurements at globally distributed atmospheric observatories, using data from the Advanced Global Atmospheric Gases Experiment (AGAGE) and the National Atmospheric and Oceanic Administration (NOAA).

"We use highly sensitive measurement techniques and thorough protocols to ensure the reliability of these observations," said co-author Dr Martin Vollmer, an atmospheric scientist at the Swiss Federal Laboratories for Materials Science and Technology (EMPA).

Co-author Dr Isaac Vimont, a research scientist at the NOAA in the United States, added: "This study highlights the critical need to be vigilant and proactive in our environmental monitoring, ensuring other controlled ozone depleting and greenhouse gases follow a similar trend which will help to protect the planet for future generations."
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New discovery reveals unexpected ocean algae help cool Earth | ScienceDaily
A common type of ocean algae plays a significant role in producing a massively abundant compound that helps cool the Earth's climate, new research has discovered.


						
The findings of the study by the University of East Anglia (UEA) and Ocean University of China (OUC) could change our understanding of how these tiny marine organisms impact our planet.

The team identified the bloom-forming Pelagophyceae algae as potentially abundant and important producers of a compound called dimethylsulfoniopropionate, or DMSP.

Co-lead author Professor Jonathan Todd, of UEA's School of Biological Sciences, said: "The Pelagophyceae are amongst the most abundant algae on Earth, yet they were not previously known as important producers of DMSP.

"This discovery is exciting because DMSP is an abundant antistress compound, food source for other microorganisms and major source of climate-cooling gases."

Dr Jinyan Wang, OUC/UEA PhD student and first author, said: "Understanding the role of Pelagophyceae in DMSP production means we need to rethink how much of this compound is being produced and how it impacts our climate."

Every year, billions of tonnes of DMSP are produced in the Earth's oceans by marine microorganisms, helping them to survive by protecting against various stresses like changes in salinity, cold, high pressure, and oxidative stress.




Importantly, DMSP is the main source of a climate active gas called dimethylsulfide (DMS), which is known as the smell of the seaside.

This study suggests that DMSP production, and consequently DMS release, is likely higher than previously predicted and emphasises the key role of microbes in regulating global climate.

DMS also acts as a signalling molecule, guiding marine organisms to their food and deterring predators. When DMS is released into the atmosphere, DMS oxidation products help form clouds which reflect sunlight away from the Earth, effectively cooling the planet.

This natural process is essential for regulating the Earth's climate and is also hugely important for the global sulfur cycle, representing the main route by which sulfur from the oceans is returned to land.

UEA and OUC established the Sino-UK Joint Research Centre to promote cutting-edge research and teaching in marine and ocean science.

UEA's Dr Andrew Curson was a key member of the team that identified the novel enzymes responsible for the synthesis of DMSP in diverse bacteria, photosynthetic cyanobacteria and algae.




Dr Curson said: "The identity of these enzymes allowed our team to identify Pelagophyceae as potentially abundant and important DMSP producers."

Co-lead author Professor Xiao-Hua Zhang, of OUC's College of Marine Life Science, said: "By identifying the enzymes involved in DMSP production, scientists can better understand and predict the behaviour of these ecosystem-disruptive, brown-tide-forming algae and their impact on global climate change.

"This study has also raised questions about other unidentified versions of the enzymes needed to make DMSP, or entirely different pathways for making it that are currently unknown."

The researchers say further study of Pelagophyceae algae in their natural environment is needed, as well as more detailed studies on other marine organisms.

Better measurements of environmental DMSP levels, production and breakdown rates, and the abundance of the enzymes involved in making DMSP are also critical to further advance the field.

The research was a collaboration between UEA and OUC, with contributions from Qingdao Agricultural University, the University of Porto, Shandong University and the Laoshan Laboratory in Qingdao, China.

The work was funded by the UK Biotechnology and Biological Sciences Research Council (BBSRC), the BBSRC Norwich Research Park Doctoral Training Partnership programme, the UK Natural Environment Research Council, the Leverhulme Trust, the National Natural Science Foundation of China, the Marine S&T Fund of Shandong Province for Laoshan Laboratory, the Chinese Scholarship Council, the Fundamental Research Funds for the Central Universities, the European Union's Horizon 2020 research and innovation programme and the Fundaca?o para a Ciencia e a Tecnologia, Portugal.
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Lone Star State: Tracking a low-mass star as it speeds across the Milky Way | ScienceDaily
It may seem like the Sun is stationary while the planets in its orbit are moving, but the Sun is actually orbiting around the Milky Way galaxy at an impressive rate of about 220 kilometers per second -- almost half a million miles per hour. As fast as that may seem, when a faint red star was discovered crossing the sky at a noticeably quick pace, scientists took notice.


						
Thanks to the efforts of a citizen science project called Backyard Worlds: Planet 9 and a team of astronomers from around the country, a rare hypervelocity L subdwarf star has been found racing through the Milky Way. More remarkably, this star may be on a trajectory that causes it to leave the Milky Way altogether. The research, led by University of California San Diego Professor of Astronomy and Astrophysics Adam Burgasser, was presented today at a press conference during the 244th national meeting of the American Astronomical Society (AAS) in Madison, Wisconsin.

The star, charmingly named CWISE J124909+362116.0 ("J1249+36"), was first noticed by some of the over 80,000 citizen science volunteers participating in the Backyard Worlds: Planet 9 project, who comb through enormous reams of data collected over the past 14 years by NASA's Wide-field Infrared Survey Explorer (WISE) mission. This project capitalizes on the keen ability of humans, who are evolutionarily programmed to look for patterns and spot anomalies in a way that is unmatched by computer technology. Volunteers tag moving objects in data files and when enough volunteers tag the same object, astronomers investigate.

J1249+36 immediately stood out because of the speed at which it is moving across the sky, initially estimated at about 600 kilometers per second (1.3 million miles per hour). At this speed, the star is fast enough to escape the gravity of the Milky Way, making it a potential "hypervelocity" star.

To better understand the nature of this object, Burgasser turned to the W.M. Keck Observatory in Maunakea, Hawaii to measure its infrared spectrum. These data revealed that the object was a rare L subdwarf -- a class of stars with very low mass and temperature. Subdwarfs represent the oldest stars in the Milky Way.

The insight into J1249+36's composition was made possible by a new set of atmosphere models created by UC San Diego alumnus Roman Gerasimov, who worked with UC LEADS scholar Efrain Alvarado III to generate models specifically tuned to study L subdwarfs. "It was exciting to see that our models were able to accurately match the observed spectrum," said Alvarado, who is presenting his modeling work at the AAS meeting.

The spectral data, along with imaging data from several ground-based telescopes, allowed the team to accurately measure J1249+36's position and velocity in space, and thereby predict its orbit through the Milky Way. "This is where the source became very interesting, as its speed and trajectory showed that it was moving fast enough to potentially escape the Milky Way," stated Burgasser.




What gave this star a kick?

Researchers focused on two possible scenarios to explain J1249+36's unusual trajectory. In the first scenario, J1249+36 was originally the low-mass companion of a white dwarf. White dwarfs are the remnant cores of stars that have depleted their nuclear fuel and died out. When a stellar companion is in a very close orbit with a white dwarf, it can transfer mass, resulting in periodic outbursts called novae. If the white dwarf collects too much mass, it can collapse and explode as a supernova.

"In this kind of supernova, the white dwarf is completely destroyed, so its companion is released and flies off at whatever orbital speed it was originally moving, plus a little bit of a kick from the supernova explosion as well," said Burgasser. "Our calculations show this scenario works. However, the white dwarf isn't there anymore and the remnants of the explosion, which likely happened several million years ago, have already dissipated, so we don't have definitive proof that this is its origin."

In the second scenario, J1249+36 was originally a member of a globular cluster, a tightly bound cluster of stars, immediately recognizable by its distinct spherical shape. The centers of these clusters are predicted to contain black holes of a wide range of masses. These black holes can also form binaries, and such systems turn out to be great catapults for any stars that happen to wander too close to them.

"When a star encounters a black hole binary, the complex dynamics of this three-body interaction can toss that star right out of the globular cluster," explained Kyle Kremer, an incoming Assistant Professor in UC San Diego's Department of Astronomy and Astrophysics. Kremer ran a series of simulations and found that on rare occasions these kinds of interactions can kick a low-mass subdwarf out of a globular cluster and on a trajectory similar to that observed for J1249+36.

"It demonstrates a proof of concept," said Kremer, "but we don't actually know what globular cluster this star is from." Tracing J1249+36 back in time puts it in a very crowded part of the sky that may hide undiscovered clusters.

To determine whether either of these scenarios, or some other mechanism, can explain J1249+36's trajectory, Burgasser said the team hopes to look more closely at its elemental composition. For example, when a white dwarf explodes, it creates heavy elements that could have "polluted" the atmosphere of J1249+36 as it was escaping. The stars in globular clusters and satellite galaxies of the Milky Way also have distinct abundance patterns that may reveal the origin of J1249+36.

"We're essentially looking for a chemical fingerprint that would pinpoint what system this star is from," said Gerasimov, whose modeling work has enabled him to measure the element abundances of cool stars in several globular clusters, work he is also presenting at the AAS meeting.

Whether J1249+36's speedy journey was because of a supernova, a chance encounter with a black hole binary, or some other scenario, its discovery provides a new opportunity for astronomers to learn more about the history and dynamics of the Milky Way.
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Brain's structure hangs in 'a delicate balance' | ScienceDaily
When a magnet is heated up, it reaches a critical point where it loses magnetization. Called "criticality," this point of high complexity is reached when a physical object is transitioning smoothly from one phase into the next.


						
Now, a new Northwestern University study has discovered that the brain's structural features reside in the vicinity of a similar critical point -- either at or close to a structural phase transition. Surprisingly, these results are consistent across brains from humans, mice and fruit flies, which suggests the finding might be universal.

Although the researchers don't know what phases the brain's structure is transitioning between, they say this new information could enable new designs for computational models of the brain's complexity and emergent phenomena.

The research was published today (June 10) in Communications Physics, a journal published by Nature Portfolio.

"The human brain is one of the most complex systems known, and many properties of the details governing its structure are not yet understood," said Northwestern's Istvan Kovacs, the study's senior author. "Several other researchers have studied brain criticality in terms of neuron dynamics. But we are looking at criticality at the structural level in order to ultimately understand how this underpins the complexity of brain dynamics. That has been a missing piece for how we think about the brain's complexity. Unlike in a computer where any software can run on the same hardware, in the brain the dynamics and the hardware are strongly related."

"The structure of the brain at the cellular level appears to be near a phase transition," said Northwestern's Helen Ansell, the paper's first author. "An everyday example of this is when ice melts into water. It's still water molecules, but they are undergoing a transition from solid to liquid. We certainly are not saying that the brain is near melting. In fact, we don't have a way of knowing what two phases the brain could be transitioning between. Because if it were on either side of the critical point, it wouldn't be a brain."

Kovacs is an assistant professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences. At the time of the research, Ansell was a postdoctoral researcher in his laboratory; now she is a Tarbutton Fellow at Emory University.




While researchers have long studied brain dynamics using functional magnetic resonance imaging (fMRI) and electroencephalograms (EEG), advances in neuroscience have only recently provided massive datasets for the brain's cellular structure. These data opened possibilities for Kovacs and his team to apply statistical physics techniques to measure the physical structure of neurons.

For the new study, Kovacs and Ansell analyzed publicly available data from 3D brain reconstructions from humans, fruit flies and mice. By examining the brain at nanoscale resolution, the researchers found the samples showcased hallmarks of physical properties associated with criticality.

One such property is the well-known, fractal-like structure of neurons. This nontrivial fractal-dimension is an example of a set of observables, called "critical exponents," that emerge when a system is close to a phase transition.

Brain cells are arranged in a fractal-like statistical pattern at different scales. When zoomed in, the fractal shapes are "self-similar," meaning that smaller parts of the sample resemble the whole sample. The sizes of various neuron segments observed also are diverse, which provides another clue. According to Kovacs, self-similarity, long-range correlations and broad size distributions are all signatures of a critical state, where features are neither too organized nor too random. These observations lead to a set of critical exponents that characterize these structural features.

"These are things we see in all critical systems in physics," Kovacs said. "It seems the brain is in a delicate balance between two phases."

Kovacs and Ansell were amazed to find that all brain samples studied -- from humans, mice and fruit flies -- have consistent critical exponents across organisms, meaning they share the same quantitative features of criticality. The underlying, compatible structures among organisms hint that a universal governing principle might be at play. Their new findings potentially could help explain why brains from different creatures share some of the same fundamental principles.




"Initially, these structures look quite different -- a whole fly brain is roughly the size of a small human neuron," Ansell said. "But then we found emerging properties that are surprisingly similar."

"Among the many characteristics that are very different across organisms, we relied on the suggestions of statistical physics to check which measures are potentially universal, such as critical exponents. Indeed, those are consistent across organisms," Kovacs said. "As an even deeper sign of criticality, the obtained critical exponents are not independent -- from any three, we can calculate the rest, as dictated by statistical physics. This finding opens the way to formulating simple physical models to capture statistical patterns of the brain structure. Such models are useful inputs for dynamical brain models and can be inspirational for artificial neural network architectures."

Next, the researchers plan to apply their techniques to emerging new datasets, including larger sections of the brain and more organisms. They aim to find if the universality will still apply.

The study, "Unveiling universal aspects of the cellular anatomy of the brain," was partially supported through the computational resources at the Quest high-performance computing facility at Northwestern.
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Researchers engineer new approach for controlling thermal emission | ScienceDaily
If a material absorbs light, it will heat up. That heat must go somewhere, and the ability to control where and how much heat is emitted can protect or even hide such devices as satellites. An international team of researchers, including those from Penn State, has developed a novel method for controlling this thermal emission, with what they called promising implications for thermal management and thermal camouflage technologies.


						
The team published their work on June 7 in the print edition of Science.

Led by researchers at The University of Manchester's National Graphene Institute in England and the Penn State College of Engineering in the United States, with experts from Koc University in Turkey and Vienna University of Technology in Austria, the team demonstrated a way to build an interface that joins two surfaces with different geometric properties to localize thermal emissions from both surfaces, enabling a "perfect" thermal emitter. This means that the designed platform can emit thermal light from contained, designated emission areas with unit emissivity, or that the platform emits the strongest thermal radiation possible at that temperature.

"We have demonstrated a new class of thermal devices using concepts from topology -- a branch of mathematics studying properties of geometric objects -- and from non-Hermitian photonics, which is a flourishing area of research studying light and its interaction with matter in the presence of losses, optical gain and certain symmetries," said corresponding author Coskun Kocabas, professor of 2D device materials at The University of Manchester.

The team said the work could advance thermal photonic applications to better generate, control and detect thermal emission. One application of this work could be in satellites, said co-author Sahin Ozdemir, professor of engineering science and mechanics at Penn State. Faced with significant exposure to heat and light, satellites equipped with the interface could emit the absorbed radiation with unit emissivity along a specifically designated area designed by researchers to be incredibly narrow and in whatever shape is deemed necessary.

Getting to this point, though, was not straightforward, according to Ozdemir. He explained part of the issue is limiting the perfect thermal absorber-emitter to the interface while the rest of the structures forming the platform remains "cold," meaning those structures do not absorb or emit any form of energy.

"Building such a perfect absorber-emitter has been a major challenge," Ozdemir said.




It is slightly easier to build an absorber-emitter at a desired frequency -- as opposed to a perfect absorber-emitter that can absorb and emit any frequency -- by trapping the light inside an optical cavity, the researchers said. The optical cavity comprises two mirrors, the first of which only partially reflects light, while the second completely reflects light. This setup enables what researchers call the "critical coupling condition," where the incoming light partially reflected by the first mirror and the reflected light trapped between the two mirrors cancel each other out exactly. This completely suppresses the reflection, so the light beam becomes trapped in the system, getting perfectly absorbed and then emitted in the form of thermal radiation.

"We took a different approach in this work, though, by bridging two structures with different topologies, meaning they absorb and emit radiation differently," Ozdemir said. "The structures are not at the critical coupling point, so they are not considered a perfect absorber-emitter -- but their interface exhibits perfect absorption and emission."

To achieve such an interface, the researchers developed a cavity stacked with a thick gold layer that perfectly reflects incoming light and a thin platinum layer that can partially reflect incoming light. The platinum layer, which comprises two separate thicknesses stitched together, also acts as a broadband thermal absorber-emitter. Between the two mirrors, the researchers placed a transparent dielectric, or material that insulates against electrical conductivity, called parylene-C.

The researchers can adjust the thickness of the platinum layer as needed to induce the critical coupling condition at the stitched interface and trap incoming light to be perfectly absorbed. They also can move the system away from the critical coupling to sub- or super-critical coupling, where perfect absorption and emission cannot take place.

"By finely tuning the thickness of the platinum layer to a critical thickness of about 2.3 nanometers, we bring the cavity to the critical coupling condition where the system exhibits perfect absorption and, as a result, perfect emission," said first author M. Said Ergoktas, a research associate in materials engineering at The University of Manchester. "Only by stitching two platinum layers with thicknesses smaller and larger than the critical thickness over the same dielectric layer, can we create a topological interface of two cavities where perfect absorption and emission are confined. A crucial point here is that the cavities forming the interface are not at critical coupling condition, but that the interface itself is."

The development challenges conventional understanding of thermal emission in the field, according to co-author Stefan Rotter, a researcher at the Vienna University of Technology in Austria.




"Every hot object radiates heat in the form of incoherent, random light," Rotter said. "Traditionally, it has been believed that thermal radiation cannot have topological properties because of its incoherent nature."

This work, however, demonstrated that thermal emission can be engineered to have topological characteristics, which can create strongly confined states of light that emit only from the topological interface between two surfaces. The researchers said they also can design the parameters of the interface to any shape, from a narrow line to something more complicated, like the outline of the United Kingdom.

According to Kocabas, their approach to building topological systems for controlling radiation is easily accessible to scientists and engineers.

"This can be as simple as creating a film divided into two regions with different thicknesses such that one side satisfies sub-critical coupling, and the other is in the super-critical coupling regime, dividing the system into two different topological classes," Kocabas said.

The realized interface exhibits perfect thermal emissivity, which is protected by the reflection topology and "exhibits robustness against local perturbations and defects," according to co-author Ali Kecebas, a postdoctoral scholar at Penn State. The team used experiments and numerical simulations to confirm the system's topological features, as well as the non-Hermitian physics underpinning how the system works.

Contributors include Sina Soleymani, who earned a doctorate in engineering science and mechanics from Penn State in 2021 when the first phases of this work were completed; Konstantinos Despotelis, Gokhan Bakan and Alessandro Principi, University of Manchester; and Askin Kocabas, Koc University, Turkey.

The European Research Council, Consolidator Grant, the Air Force Office of Scientific Research Multidisciplinary University Research Initiative (MURI) Award on Programmable Systems with Non-Hermitian Quantum Dynamics and the Air Force Office of Scientific Research Award supported this work.
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Four-legged, dog-like robot 'sniffs' hazardous gases in inaccessible environments | ScienceDaily
Nightmare material or truly man's best friend? A team of researchers equipped a dog-like quadruped robot with a mechanized arm that takes air samples from potentially treacherous situations, such as an abandoned building or fire. The robot dog walks samples to a person who screens them for potentially hazardous compounds, says the team that published its study in ACS' Analytical Chemistry. While the system needs further refinement, demonstrations show its potential value in dangerous conditions.


						
Testing the air for dangerous chemicals in risky workplaces or after an accident, such as a fire, is an important but very dangerous task for scientists and technicians. To keep humans out of harm's way, Bin Hu and colleagues are developing mobile detection systems for hazardous gases and volatile organic compounds (VOCs) by building remote-controlled sampling devices like aerial drones and tiny remotely operated ships. The team's latest entry into this mechanical menagerie is a dog-like robot with an articulated testing arm mounted on its back. The independently controlled arm is loaded with three needle trap devices (NTDs) that can collect air samples at any point during the robot's terrestrial mission.

The researchers test-drove their four-legged "lab" through a variety of inaccessible environments, including a garbage disposal plant, sewer system, gasoline fireground and chemical warehouse, to sample the air for hazardous VOCs. While the robot had trouble navigating effectively in rainy and snowy weather, it collected air samples and returned them to the portable mass spectrometer (MS) for onsite analysis in less time than it would take to transfer the samples to an off-site laboratory -- and without putting a technician in a dangerous environment. The researchers say the robot-MS system represents a "smart" and safer approach for detecting potentially harmful compounds.

The authors acknowledge funding from the Guangzhou Science and Technology Program and the National Natural Science Foundation of China. 
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Two can play that game: juvenile dolphins who play together are more successful as adults | ScienceDaily
Juvenile social play predicts adult reproductive success in male bottlenose dolphins, a new study has found.


						
Fresh findings published today in Proceedings of the National Academy of Sciences led by researchers from the University of Bristol and University of Western Australia, show that juvenile male dolphins with strong social bonds practice adult-like reproductive behaviours when playing together, and those juvenile males who spend more time practicing will father more offspring as adults. The study provides rare evidence for a link between juvenile social play and reproductive success in a wild animal.

In collaboration with international colleagues, the scientists spent years observing the behavior of juvenile male Indo-Pacific bottlenose dolphins in Shark Bay, Western Australia, and using long-term behavioral and genetic data from this population, they investigated the role of juvenile social play in developing adult male reproductive behavior.

Lead author Dr Katy Holmes, who completed this work as part of her doctoral research at the University of Western Australia, said: "We found that juvenile play involves immature versions of adult reproductive behaviors that are crucial for males to access and mate with estrous females, and the time spent doing these play behaviors predicts how many offspring males eventually sire as adults."

Adult male dolphins in Shark Bay form long-term alliances to help each other secure access to females and these alliances are formed between males who were closely bonded as juveniles. As adults, pairs or trios of allied males will coordinate their behavior to consort individual females, and this work shows that young males practice this coordination with their likely future allies, years before they become sexually mature. "Our work is exciting because historically it has been notoriously difficult to link play behavior to reproductive success, in this case the number of sired offspring, in wild animals," Holmes noted.

Senior author Dr Stephanie King, Associate Professor from Bristol's School of Biological Sciences added: "Play behavior is widespread in humans and other animals, but the reasons that animals play together have long remained a mystery. This study provides compelling support for the idea that animals in the wild play together to practice behaviors that will be important for them as adults, and that if they practice enough, they will be more successful as adults."
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Protocol for creating 'wired miniature brains' | ScienceDaily
Researchers worldwide can now create highly realistic brain cortical organoids -- essentially miniature artificial brains with functioning neural networks -- thanks to a proprietary protocol released this month by researchers at the University of California San Diego.


						
The new technique, published in Nature Protocols, paves the way for scientists to perform more advanced research regarding autism, schizophrenia and other neurological disorders in which the brain's structure is usually typical, but electrical activity is altered. That's according to Alysson Muotri, Ph.D., corresponding author and director of the UC San Diego Sanford Stem Cell Institute (SSCI) Integrated Space Stem Cell Orbital Research Center. The SSCI is directed by Dr. Catriona Jamieson, a leading physician-scientist in cancer stem cell biology whose research explores the fundamental question of how space alters cancer progression.

The newly detailed method allows for the creation of tiny replicas of the human brain so realistic that they rival "the complexity of the fetal brain's neural network," according to Muotri, who is also a professor in the UC San Diego School of Medicine's Departments of Pediatrics and Cellular and Molecular Medicine. His brain replicas have already traveled to the International Space Station (ISS), where their activity was studied under conditions of microgravity.

Two other protocols for creating brain organoids are publicly accessible, but neither allow researchers to study the brain's electrical activity. Muotri's method, however, allows researchers to study neural networks created from the stem cells of patients with various neurodevelopmental conditions.

"You no longer need to create different regions and assemble them together," said Muotri, adding that his protocol allows different brain areas -- like the cortex and midbrain -- "to co-develop, as naturally observed in human development."

"I believe we will see many derivations of this protocol in the future for the study of different brain circuits," he added.

Such "mini brains" can be used to test potentially therapeutic drugs and even gene therapies before patient use, as well as to screen for efficacy and side effects, according to Muotri.




A plan to do so is already in the works. Muotri and researchers at the Federal University of Amazonas in Manaus, Amazonas, Brazil, are teaming up to record and investigate Amazonian tribal remedies for Alzheimer's disease -- not on Earth-based mouse models, but on diseased human brain organoids in space.

A recent Humans in Space grant -- awarded by Boryung, a leading health care investment company based in South Korea -- will help fuel the research project, which spans multiple continents and habitats, from the depths of the Amazon rainforest to Muotri's lab on the coast of California -- and, eventually, to the International Space Station.

Other research possibilities for the brain organoids include disease modeling, understanding human consciousness and additional space-based experiments. In March, Muotri -- in partnership with NASA -- sent to space a number of brain organoids made from the stem cells of patients with Alzheimer's disease and ALS (amyotrophic lateral sclerosis, also known as Lou Gehrig's disease). The payload returned in May and results, which will eventually be published, are being reviewed.

Because microgravity mimics an accelerated version of Earth-based aging, Muotri should be able to witness the effects of several years of disease progression while studying the month-long mission's payload, including potential changes in protein production, signaling pathways, oxidative stress and epigenetics.

"We're hoping for novel findings -- things researchers haven't discovered before," he said. "Nobody has sent such a model into space, until now."

Co-authors of the study include Michael Q. Fitzgerald, Tiffany Chu, Francesca Puppo, Rebeca Blanch and Shankar Subramaniam, all of UC San Diego, and Miguel Chillon, of the Universitat Autonoma de Barcelona and the Institucio Catalana de Recerca i Estudis Avancats, both in Barcelona, Spain. Blanch is also affiliated with the Universitat Autonoma de Barcelona.

This work was supported by the National Institutes of Health R01MH100175, R01NS105969, MH123828, R01NS123642, R01MH127077, R01ES033636, R21MH128827, R01AG078959, R01DA056908, R01HD107788, R01HG012351, R21HD109616, R01MH107367, California Institute for Regenerative Medicine (CIRM) DISC2-13515 and a grant from the Department of Defense W81XWH2110306.
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Hubble finds surprises around a star that erupted 40 years ago | ScienceDaily
Astronomers have used new data from NASA's Hubble Space Telescope and the retired SOFIA (Stratospheric Observatory for Infrared Astronomy) as well as archival data from other missions to revisit one of the strangest binary star systems in our galaxy -- 40 years after it burst onto the scene as a bright and long-lived nova. A nova is a star that suddenly increases its brightness tremendously and then fades away to its former obscurity, usually in a few months or years.


						
Between April and September 1975, the binary system HM Sagittae (HM Sge) grew 250 times brighter. Even more unusual, it did not rapidly fade away as novae commonly do, but has maintained its luminosity for decades. Recently, observations show that the system has gotten hotter, but paradoxically faded a little.

HM Sge is a particular kind of symbiotic star where a white dwarf and a bloated, dust-producing giant companion star are in an eccentric orbit around each other, and the white dwarf ingests gas flowing from the giant star. That gas forms a blazing hot disk around the white dwarf, which can unpredictably undergo a spontaneous thermonuclear explosion as the infall of hydrogen from the giant grows denser on the surface until it reaches a tipping point. These fireworks between companion stars fascinate astronomers by yielding insights into the physics and dynamics of stellar evolution in binary systems.

"In 1975 HM Sge went from being a nondescript star to something all astronomers in the field were looking at, and at some point that flurry of activity slowed down," said Ravi Sankrit of the Space Telescope Science Institute (STScI) in Baltimore. In 2021, Steven Goldman of STScI, Sankrit and collaborators used instruments on Hubble and SOFIA to see what had changed with HM Sge in the last 30 years at wavelengths of light from the infrared to the ultraviolet (UV).

The 2021 ultraviolet data from Hubble showed a strong emission line of highly ionized magnesium that was not present in earlier published spectra from 1990. Its presence shows that the estimated temperature of the white dwarf and accretion disk increased from less than 400,000 degrees Fahrenheit in 1989 to greater than 450,000 degrees Fahrenheit now. The highly ionized magnesium line is one of many seen in the UV spectrum, which analyzed together will reveal the energetics of the system, and how it has changed in the last three decades.

"When I first saw the new data," Sankrit said, "I went -- 'wow this is what Hubble UV spectroscopy can do!' -- I mean it's spectacular, really spectacular."

With data from NASA's flying telescope SOFIA, which retired in 2022, the team was able to detect the water, gas, and dust flowing in and around the system. Infrared spectral data shows that the giant star, which produces copious amounts of dust, returned to its normal behavior within only a couple years of the explosion, but also that it has dimmed in recent years, which is another puzzle to be explained.




With SOFIA astronomers were able to see water moving at around 18 miles per second, which they suspect is the speed of the sizzling accretion disk around the white dwarf. The bridge of gas connecting the giant star to the white dwarf must presently span about 2 billion miles.

The team has also been working with the AAVSO (American Association of Variable Star Observers), to collaborate with amateur astronomers from around the world who help keep telescopic eyes on HM Sge; their continued monitoring reveals changes that haven't been seen since its outburst 40 years ago.

"Symbiotic stars like HM Sge are rare in our galaxy, and witnessing a nova-like explosion is even rarer. This unique event is a treasure for astrophysicists spanning decades," said Goldman.

The initial results from the team's research were published in the Astrophysical Journal, and Sankrit is presenting research focused on the UV spectroscopy at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.
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Researchers demonstrate the first chip-based 3D printer | ScienceDaily
Imagine a portable 3D printer you could hold in the palm of your hand. The tiny device could enable a user to rapidly create customized, low-cost objects on the go, like a fastener to repair a wobbly bicycle wheel or a component for a critical medical operation.


						
Researchers from MIT and the University of Texas at Austin took a major step toward making this idea a reality by demonstrating the first chip-based 3D printer. Their proof-of-concept device consists of a single, millimeter-scale photonic chip that emits reconfigurable beams of light into a well of resin that cures into a solid shape when light strikes it.

The prototype chip has no moving parts, instead relying on an array of tiny optical antennas to steer a beam of light. The beam projects up into a liquid resin that has been designed to rapidly cure when exposed to the beam's wavelength of visible light.

By combining silicon photonics and photochemistry, the interdisciplinary research team was able to demonstrate a chip that can steer light beams to 3D print arbitrary two-dimensional patterns, including the letters M-I-T. Shapes can be fully formed in a matter of seconds.

In the long run, they envision a system where a photonic chip sits at the bottom of a well of resin and emits a 3D hologram of visible light, rapidly curing an entire object in a single step.

This type of portable 3D printer could have many applications, such as enabling clinicians to create tailor-made medical device components or allowing engineers to make rapid prototypes at a job site.

"This system is completely rethinking what a 3D printer is. It is no longer a big box sitting on a bench in a lab creating objects, but something that is handheld and portable. It is exciting to think about the new applications that could come out of this and how the field of 3D printing could change," says senior author Jelena Notaros, the Robert J. Shillman Career Development Professor in Electrical Engineering and Computer Science (EECS), and a member of the Research Laboratory of Electronics.




Joining Notaros on the paper are Sabrina Corsetti, lead author and EECS graduate student; Milica Notaros PhD '23; Tal Sneh, an EECS graduate student; Alex Safford, a recent graduate of the University of Texas at Austin; and Zak Page, an assistant professor in the Department of Chemical Engineering at UT Austin. The research appears today in Nature Light Science and Applications.

Printing with a chip

Experts in silicon photonics, the Notaros group previously developed integrated optical-phased-array systems that steer beams of light using a series of microscale antennas fabricated on a chip using semiconductor manufacturing processes. By speeding up or delaying the optical signal on either side of the antenna array, they can move the beam of emitted light in a certain direction.

Such systems are key for lidar sensors, which map their surroundings by emitting infrared light beams that bounce off nearby objects. Recently, the group has focused on systems that emit and steer visible light for augmented-reality applications.

They wondered if such a device could be used for a chip-based 3D printer.

At about the same time they started brainstorming, the Page Group at UT Austin demonstrated specialized resins that can be rapidly cured using wavelengths of visible light for the first time. This was the missing piece that pushed the chip-based 3D printer into reality.




"With photocurable resins, it is very hard to get them to cure all the way up at infrared wavelengths, which is where integrated optical-phased-array systems were operating in the past for lidar," Corsetti says. "Here, we are meeting in the middle between standard photochemistry and silicon photonics by using visible-light-curable resins and visible-light-emitting chips to create this chip-based 3D printer. You have this merging of two technologies into a completely new idea."

Their prototype consists of a single photonic chip containing an array of 160-nanometer-thick optical antennas. (A sheet of paper is about 100,000 nanometers thick.) The entire chip fits onto a U.S. quarter.

When powered by an off-chip laser, the antennas emit a steerable beam of visible light into the well of photocurable resin. The chip sits below a clear slide, like those used in microscopes, which contains a shallow indentation that holds the resin. The researchers use electrical signals to nonmechanically steer the light beam, causing the resin to solidify wherever the beam strikes it.

A collaborative approach

But effectively modulating visible-wavelength light, which involves modifying its amplitude and phase, is especially tricky. One common method requires heating the chip, but this is inefficient and takes a large amount of physical space.

Instead, the researchers used liquid crystal to fashion compact modulators they integrate onto the chip. The material's unique optical properties enable the modulators to be extremely efficient and only about 20 microns in length.

A single waveguide on the chip holds the light from the off-chip laser. Running along the waveguide are tiny taps which tap off a little bit of light to each of the antennas.

The researchers actively tune the modulators using an electric field, which reorients the liquid crystal molecules in a certain direction. In this way, they can precisely control the amplitude and phase of light being routed to the antennas.

But forming and steering the beam is only half the battle. Interfacing with a novel photocurable resin was a completely different challenge.

The Page Group at UT Austin worked closely with the Notaros Group at MIT, carefully adjusting the chemical combinations and concentrations to zero-in on a formula that provided a long shelf-life and rapid curing.

In the end, the group used their prototype to 3D print arbitrary two-dimensional shapes within seconds.

Building off this prototype, they want to move toward developing a system like the one they originally conceptualized -- a chip that emits a hologram of visible light in a resin well to enable volumetric 3D printing in only one step.

"To be able to do that, we need a completely new silicon-photonics chip design. We already laid out a lot of what that final system would look like in this paper. And, now, we are excited to continue working towards this ultimate demonstration," Jelena Notaros says.

This work was funded, in part, by the U.S. National Science Foundation, the U.S. Defense Advanced Research Projects Agency, the Robert A. Welch Foundation, the MIT Rolf G. Locher Endowed Fellowship, and the MIT Frederick and Barbara Cronin Fellowship.
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Webb telescope reveals asteroid collision in neighboring star system | ScienceDaily
Astronomers have captured what appears to be a snapshot of a massive collision of giant asteroids in Beta Pictoris, a neighboring star system known for its early age and tumultuous planet-forming activity.


						
The observations spotlight the volatile processes that shape star systems like our own, offering a unique glimpse into the primordial stages of planetary formation.

"Beta Pictoris is at an age when planet formation in the terrestrial planet zone is still ongoing through giant asteroid collisions, so what we could be seeing here is basically how rocky planets and other bodies are forming in real time," said Christine Chen, a Johns Hopkins University astronomer who led the research.

The insights will be presented today at the 244th Meeting of the American Astronomical Society in Madison, Wisconsin.

Chen's team spotted significant changes in the energy signatures emitted by dust grains around Beta Pictoris by comparing new data from the James Webb Space Telescope with observations by the Spitzer Space Telescope from 2004 and 2005. With Webb's detailed measurements, the team tracked the dust particles' composition and size in the exact area previously analyzed by Spitzer.

Focusing on heat emitted by crystalline silicates -- minerals commonly found around young stars as well as on Earth and other celestial bodies -- the scientists found no traces of the particles previously seen in 2004-05. This suggests a cataclysmic collision occurred among asteroids and other objects about 20 years ago, pulverizing the bodies into fine dust particles smaller than pollen or powdered sugar, Chen said.

"We think all that dust is what we saw initially in the Spitzer data from 2004 and 2005," said Chen, who is also an astronomer at the Space Telescope Science Institute. "With Webb's new data, the best explanation we have is that, in fact, we witnessed the aftermath of an infrequent, cataclysmic event between large asteroid-size bodies, marking a complete change in our understanding of this star system."

The new data suggests dust that was dispersed outward by radiation from the system's central star is no longer detectable, Chen said. Initially, dust near the star heated up and emitted thermal radiation that Spitzer's instruments identified. Now, dust that cooled off as it moved far away from the star no longer emits those thermal features.




When Spitzer collected the earlier data, scientists assumed something like small bodies grinding down would stir and replenish the dust steadily over time. But Webb's new observations show the dust disappeared and was not replaced. The amount of dust kicked up is about 100,000 times the size of the asteroid that killed the dinosaurs, Chen said.

Beta Pictoris, located about 63 light years from Earth, has long been a focal point for astronomers because of its proximity and random processes where collisions, space weathering, and other planet-making factors will dictate the system's fate.

At only 20 million years -- compared to our 4.5-billion-year-old solar system -- Beta Pictoris is at a key age where giant planets have formed but terrestrial planets might still be developing. It has at least two known gas giants, Beta Pic b and c, which also influence the surrounding dust and debris.

"The question we are trying to contextualize is whether this whole process of terrestrial and giant planet formation is common or rare, and the even more basic question: Are planetary systems like the solar system that rare?" said co-author Kadin Worthen, a doctoral student in astrophysics at Johns Hopkins. "We're basically trying to understand how weird or average we are."

The new insights also underscore the unmatched capability of the Webb telescope to unveil the intricacies of exoplanets and star systems, the team reports. They offer key clues into how the architectures of other solar systems resemble ours and will likely deepen scientists' understanding of how early turmoil influences planets' atmospheres, water content, and other key aspects of habitability.

"Most discoveries by JWST come from things the telescope has detected directly," said co-author Cicero Lu, a former Johns Hopkins doctoral student in astrophysics. "In this case, the story is a little different because our results come from what JWST did not see."

Other authors are Yiwei Chai and Alexis Li of Johns Hopkins; David R. Law, B.A. Sargent, G.C. Sloan, Julien H. Girard, Dean C. Hines, Marshall Perrin and Laurent Pueyo of the Space Telescope Science Institute; Carey M. Lisse of the Johns Hopkins University Applied Physics Laboratory; Dan M. Watson of the University of Rochester; Jens Kammerer of the European Southern Observatory; Isabel Rebollido of the European Space Agency; and Christopher Stark of NASA Goddard Space Flight Center.

The research was supported by the National Aeronautics and Space Administration under Grant No. 80NSSC22K1752.
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Optimism wards off procrastination | ScienceDaily
People with an optimistic outlook on the future are less likely to be severe procrastinators, according to new research at the University of Tokyo. While procrastinators often admonish themselves for their "bad habit," it turns out that their worries for the future are more to blame. Through a survey of nearly 300 young people, researchers found that those who had a positive view about their stress levels decreasing in the future, compared to the past or present, were less likely to experience severe procrastination. Views on personal well-being didn't appear to have an effect. Improving people's outlook and readiness for the future could help them overcome procrastination and achieve a less stressful lifestyle.


						
How many times have you made a "to do" list, and although the most important task is at the top, you seem to be working your way up from the bottom or distracted by something else entirely? While we might chide ourselves for procrastinating, sometimes the more we try to overcome it, the more stressed we feel and the cycle continues. That is how it was for graduate student Saya Kashiwakura from the Graduate School of Arts and Sciences at the University of Tokyo, so she decided to investigate why.

"I have struggled with procrastination since childhood. I would clean my room when I needed to study for a test and prioritize aikido practice over my postgraduate research. This habit of putting off important tasks has been a constant challenge," said Kashiwakura. "I wanted to change my behavior, as I realized that I was not confronting the future impact of my actions."

This inspired Kashiwakura to examine the relationship between procrastination and the procrastinator's perspective on time, particularly their view of the future. When she began researching procrastination, she was surprised to discover that many more people suffer from it than she had imagined and found it reassuring her problems were not unique.

Previous research has shown that a feature of procrastination is disregard for the future or difficulty linking present actions with future outcomes. However, the reasons for this have been unclear. Kashiwakura and co-author Professor Kazuo Hiraki, also from UTokyo, proposed that it might be because severe procrastinators have a more pessimistic outlook.

The researchers surveyed 296 participants in Japan in their 20s for their views on stress and well-being, and importantly how these changed over time. This included asking about their experiences from 10 years in the past through to the present, and their expectations for 10 years in the future. From the results, participants were clustered into one of four groups (for example, if they thought their situation would improve or would stay the same), and then each group was divided into severe, middle and low procrastinators.

"Our research showed that optimistic people -- those who believe that stress does not increase as we move into the future -- are less likely to have severe procrastination habits," explained Kashiwakura. "This finding helped me adopt a more light-hearted perspective on the future, leading to a more direct view and reduced procrastination."

It was not only the level of stress people experienced, but how their perception of it changed over the 20-year time period discussed, which influenced their procrastination habits. Surprisingly, a relationship wasn't found between procrastination and negative views on well-being, such as one's attitude towards oneself, or not yet finding purpose and goals in life.

Using these results, the team wants to develop ways to help people nurture a more optimistic mindset and overcome procrastination. "We hope our findings will be particularly useful in the education sector. We believe that students will achieve better outcomes and experience greater well-being when they can comprehend their procrastination tendencies scientifically, and actively work on improving them, rather than blaming themselves," said Kashiwakura.

"Thoughts can change with just a few minutes of watching a video or be shaped by years of accumulation. Our next step is to investigate which approach is appropriate this time, and how we can develop the 'right' mindset to lead a happier and more fulfilling life."
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Improved prime editing system makes gene-sized edits in human cells at therapeutic levels | ScienceDaily
Scientists at the Broad Institute of MIT and Harvard have improved a gene-editing technology that is now capable of inserting or substituting entire genes in the genome in human cells efficiently enough to be potentially useful for therapeutic applications.


						
The advance, from the lab of Broad core institute member David Liu, could one day help researchers develop a single gene therapy for diseases such as cystic fibrosis that are caused by one of hundreds or thousands of different mutations in a gene. Using this new approach, they would insert a healthy copy of the gene at its native location in the genome, rather than having to create a different gene therapy to correct each mutation using other gene-editing approaches that make smaller edits.

The new method uses a combination of prime editing, which can directly make a wide range of edits up to about 100 or 200 base pairs, and newly developed recombinase enzymes that efficiently insert large pieces of DNA thousands of base pairs in length at specific sites in the genome. This system, called eePASSIGE, can make gene-sized edits several times more efficiently than other similar methods, and is reported in Nature Biomedical Engineering.

"To our knowledge this is one of the first examples of programmable targeted gene integration in mammalian cells that satisfies the main criteria for potential therapeutic relevance," said Liu, who is senior author of the study, the Richard Merkin Professor and director of the Merkin Institute of Transformative Technologies in Healthcare at the Broad, a professor at Harvard University and a Howard Hughes Medical Institute investigator. "At these efficiencies, we expect that many if not most loss-of-function genetic diseases could be ameliorated or rescued, if the efficiency we observe in cultured human cells can be translated into a clinical setting."

Graduate student Smriti Pandey and postdoctoral researcher Daniel Gao, both in Liu's group, were co-first authors on the study, which was also a collaboration with Mark Osborn's group at the University of Minnesota and Elliot Chaikof's group at the Beth Israel Deaconess Medical Center.

"This system offers promising opportunities for cell therapies where it can be used to precisely insert genes into cells outside of the body before administering them to patients to treat disease, among other applications," Pandey said.

"It's exciting to see the high efficiency and versatility of eePASSIGE, which could enable a new category of genomic medicines," added Gao. "We also hope that it will be a tool that scientists from across the research community can use to study basic biological questions."

Prime improvements




Many scientists have used prime editing to efficiently install changes to DNA that are up to dozens of base pairs in length, sufficient to correct the vast majority of known pathogenic mutations. But introducing entire healthy genes, often thousands of base pairs long, in their native location in the genome has been a long-standing goal of the gene-editing field. Not only could this potentially treat many patients regardless of which mutation they have in a disease-causing gene, but it would also preserve the surrounding DNA sequences, which would increase the likelihood that the newly installed gene is properly regulated, rather than expressed too much, too little, or at the wrong time.

In 2021, Liu's lab reported a key step towards this goal and developed a prime editing approach called twinPE that installed recombinase "landing sites" in the genome, and then used natural recombinase enzymes such as Bxb1 to catalyze the insertion of new DNA into the prime edited target sites.

The biotech company Prime Medicine, co-founded by Liu, soon began using this technology, which they called PASSIGE (prime-editing-assisted site-specific integrase gene editing), to develop treatments for genetic diseases.

PASSIGE installs edits in only a modest fraction of cells, which is enough to treat some but probably not most genetic diseases that result from the loss of a functioning gene. So Liu's team, in the new work reported today, set out to boost PASSIGE's editing efficiency. They found that the recombinase enzyme Bxb1 was the culprit in limiting the efficiency of PASSIGE. They then used a tool previously developed by Liu's group called PACE (phage-assisted continuous evolution) to rapidly evolve more efficient versions of Bxb1 in the lab.

The resulting newly evolved and engineered Bxb1 variant (eeBxb1) improved the eePASSIGE method to integrate an average of 30 percent of gene-sized cargo in mouse and human cells, four times more than the original technique and about 16 times more than another recently published method called PASTE.

"The eePASSIGE system provides a promising foundation for studies integrating healthy gene copies at sites of our choosing in cell and animal models of genetic diseases to treat loss-of-function disorders," Liu said. "We hope this system will prove to be an important step towards realizing the benefits of targeted gene integration for patients."

With this goal in mind, Liu's team is now working on combining eePASSIGE with delivery systems such as engineered virus-like particles (eVLPs) that may overcome hurdles that have traditionally limited therapeutic delivery of gene editors in the body.
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The solar system may have passed through dense interstellar clouds 2 million years ago, altering Earth's climate | ScienceDaily
Around two million years ago, Earth was a very different place, with our early human ancestors living alongside saber-toothed tigers, mastodons, and enormous rodents. And, depending on where they were, they may have been cold: Earth had fallen into a deep freeze, with multiple ice ages coming and going until about 12,000 years ago. Scientists theorize that ice ages occur for a number of reasons, including the planet's tilt and rotation, shifting plate tectonics, volcanic eruptions, and carbon dioxide levels in the atmosphere. But what if drastic changes like these are not only a result of Earth's environment, but also the sun's location in the galaxy?


						
In a new paper published in Nature Astronomy, lead authorand astrophysicist Merav Opher -- an astronomy professor at Boston University and fellow at Harvard Radcliffe Institute -- found evidence that some two million years ago, the solar system encountered an interstellar cloud so dense that it could have interfered with the sun's solar wind. Opher and her co-authors believe this shows that the sun's location in space might shape Earth's history more than previously considered.

Our whole solar system is swathed in a protective plasma shield that emanates from the sun, known as the heliosphere. It's made from a constant flow of charged particles, called solar wind, that stretch well past Pluto, wrapping the planets in what NASA calls a "a giant bubble." It protects us from radiation and galactic rays that could alter DNA, and scientists believe it's part of the reason life evolved on Earth as it did. According to the latest paper, the cold cloud compressed the heliosphere in such a way that it briefly placed Earth and the other planets in the solar system outside of the heliosphere's influence.

"This paper is the first to quantitatively show there was an encounter between the sun and something outside of the solar system that would have affected Earth's climate," says Opher, who is an expert on the heliosphere. Her models have quite literally shaped our scientific understanding of the heliosphere, and how the bubble is structured by the solar wind pushing up against the interstellar medium -- which is the space in between stars and beyond the heliosphere in our galaxy. Her theory is that the heliosphere is shaped like a puffy croissant, an idea that shook the space physics community. Now, she's shedding new light on how the heliosphere, and where the sun moves through space, could affect Earth's atmospheric chemistry.

"Stars move, and now this paper is showing not only that they move, but they encounter drastic changes," says Opher. She first discovered and began working on this study during a yearlong fellowship at Harvard Radcliffe Institute.

To study this phenomenon, Opher and her collaborators essentially looked back in time, using sophisticated computer models to visualize where the sun was positioned two million years in the past -- and, with it, the heliosphere, and the rest of the solar system. They also mapped the path of the Local Ribbon of Cold Clouds system, a string of large, dense, very cold clouds mostly made of hydrogen atoms. Their simulations showed that one of the clouds close to the end of that ribbon, named the Local Lynx of Cold Cloud, could have collided with the heliosphere.

If that had happened, says Opher, Earth would have been fully exposed to the interstellar medium, where gas and dust mix with the leftover atomic elements of exploded stars, including iron and plutonium. Normally, the heliosphere filters out most of these radioactive particles. But without protection, they can easily reach Earth. According to the paper, this aligns with geological evidence that shows increased 60Fe (iron 60) and 244Pu (plutonium 244) isotopes in the ocean, on the moon, Antarctic snow, and ice cores from the same time period. The timing also matches with temperature records that indicate a cooling period.




"Only rarely does our cosmic neighborhood beyond the solar system affect life on Earth," says Avi Loeb, director of Harvard University's Institute for Theory and Computation and coauthor on the paper. "It is exciting to discover that our passage through dense clouds a few million years ago could have exposed the Earth to a much larger flux of cosmic rays and hydrogen atoms. Our results open a new window into the relationship between the evolution of life on Earth and our cosmic neighborhood."

The outside pressure from the Local Lynx of Cold Cloud could have continually blocked out the heliosphere for a couple of hundred years to a million years, Opher says -- depending on the size of the cloud. "But as soon as the Earth was away from the cold cloud, the heliosphere engulfed all the planets, including Earth," she says. And that's how it is today.

It's impossible to know the exact effect the cold clouds had on Earth -- like if it could have spurred an ice age. But there are a couple of other cold clouds in the interstellar medium that the sun has likely encountered in the billions of years since it was born, Opher says. And it will likely stumble across more in another million years or so. Opher and her collaborators are now working to trace where the sun was seven million years ago, and even further back. Pinpointing the location of the sun millions of years in the past, as well as the cold cloud system, is possible with data collected by the European Space Agency's Gaia mission, which is building the largest 3D map of the galaxy and giving an unprecedented look at the speed stars move.

"This cloud was indeed in our past, and if we crossed something that massive, we were exposed to the interstellar medium," Opher says. The effect of crossing paths with so much hydrogen and radioactive material is unclear, so Opher and her team at BU's NASA-funded SHIELD (Solar wind with Hydrogen Ion Exchange and Large-scale Dynamics) DRIVE Science Center are now exploring the effect it could have had on Earth's radiation, as well as the atmosphere and climate.

"This is only the beginning," Opher says. She hopes that this paper will open the door to much more exploration of how the solar system was influenced by outside forces in the deep past and how these forces have in turn shaped life on our planet.

This research was supported by NASA.
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Planetary Health Diet associated with lower risk of premature death, lower environmental impact | ScienceDaily
People who eat a healthy, sustainable diet may substantially lower their risk of premature death in addition to their environmental impact, according to a new study led by Harvard T.H. Chan School of Public Health. It is the first large study to directly evaluate the impacts of adherence to recommendations in the landmark 2019 EAT-Lancet report. The researchers have named the dietary pattern outlined in the report -- which emphasizes a variety of minimally processed plant foods but allows for modest consumption of meat and dairy foods -- the Planetary Health Diet (PHD).


						
The study will be published online June 10 in The American Journal of Clinical Nutrition.

"Climate change has our planet on track for ecological disaster, and our food system plays a major role," said corresponding author Walter Willett, professor of epidemiology and nutrition. "Shifting how we eat can help slow the process of climate change. And what's healthiest for the planet is also healthiest for humans."

While other studies have found that diets emphasizing plant-based foods over animal-sourced foods could have benefits for human and planetary health, most have used one-time dietary assessments, which produce weaker results than looking at diets over a long period of time.

The researchers used health data from more than 200,000 women and men enrolled in the Nurses' Health Study I and II and the Health Professionals Follow-Up Study. Participants were free of major chronic diseases at the start of the study and completed dietary questionnaires every four years for up to 34 years. Participants' diets were scored based on intake of 15 food groups -- including whole grains, vegetables, poultry, and nuts -- to quantify adherence to the PHD.

The study found that the risk of premature death was 30% lower in the top 10% of participants most closely adhering to PHD compared to those in the lowest 10%. Every major cause of death, including cancer, heart disease, and lung disease, was lower with greater adherence to this dietary pattern.

In addition, the researchers found that those with the highest adherence to the PHD had a substantially lower environmental impact than those with the lowest adherence, including 29% lower greenhouse gas emissions, 21% lower fertilizer needs, and 51% lower cropland use.




The researchers noted that land use reduction is particularly important as a facilitator of re-forestation, which is seen as an effective way to further reduce levels of greenhouse gases that are driving climate change.

"Our study is noteworthy given that the U.S. Department of Agriculture has refused to consider the environmental impacts of dietary choices, and any reference to the environmental effects of diet will not be allowed in the upcoming revision of the U.S. Dietary Guidelines," said Willett. "The findings show just how linked human and planetary health are. Eating healthfully boosts environmental sustainability -- which in turn is essential for the health and wellbeing of every person on earth."

Other Harvard Chan School authors included Linh Bui, Fenglei Wang, Qi Sun, Frank Hu, Kyu Ha Lee, and Marta Guasch-Ferre.

The study was funded by National Institutes of Health (NIH) research grants UM1 CA186107, P01 CA87969, R01 HL034594, U01 CA176726, U01 CA167552, R01 HL035464, R01 DK120870, and R01 DK126698.

"Planetary Health Diet Index and risk of total and cause specific mortality in three prospective cohorts," Linh P. Bui, Tung T. Pham, Fenglei Wang, Boyang Chai, Qi Sun, Frank B. Hu, Kyu Ha Lee, Marta Guasch-Ferre, Walter C. Willett, The American Journal of Clinical Nutrition, June 10, 2024, doi: 10.1016/j.ajcnut.2024.03.019
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Novel Genetic Clock discovers oldest known marine plant | ScienceDaily
Using a novel genetic clock, a team of researchers from Kiel, London, Oldenburg, and Davis, California, has determined the age of a large marine plant clone for the first time. This seagrass clone from the Baltic Sea dates back to the migration period 1400 years ago. The newly developed clock can be applied to many other species, from corals and algae to plants such as reeds or raspberries. The scientists publish their work today in the journal Nature Ecology and Evolution.


						
"Vegetative reproduction as an alternative mode of reproduction is widespread in the animal, fungal, and plant kingdoms," explains research leader Dr Thorsten Reusch, Professor of Marine Ecology at the GEOMAR Helmholtz Centre for Ocean Research Kiel. These so-called "clonal species" produce genetically similar offspring by branching or budding and often reach the size of a football field or more. However, these offspring are not genetically identical. Previous work by a team led by GEOMAR researchers had already shown that somatic mutations accumulate in vegetative offspring, a process similar to cancer. Now, a team led by Prof. Dr Reusch, Dr Benjamin Werner (Queen Mary University London, QMUL), and Prof. Dr Iliana Baums (Helmholtz Institute for Functional Marine Biodiversity at the University of Oldenburg, HIFMB) has used this mutation accumulation process to develop a novel molecular clock that can determine the age of any clone with high precision.

Researchers at the University of Kiel, led by Professor Reusch, applied this novel clock to a worldwide dataset of the widespread seagrass Zostera marina (eelgrass), ranging from the Pacific to the Atlantic and the Mediterranean. In Northern Europe in particular, the team found clones with ages of several hundred years, comparable to the age of large oak trees. The oldest clone identified was 1402 years old and came from the Baltic Sea. This clone reached this advanced age despite a harsh and variable environment. This makes the eelgrass clone older than the Greenland shark or the Ocean Quahog, which live only a few hundred years.

These new age and longevity estimates for clonal species fill an important knowledge gap. Particularly in marine habitats, many fundamental habitat-forming species such as corals and seagrasses can reproduce vegetatively, and their clones can become very large. The continuous production of small, genetically identical but physically separated shoots or fragments from the parent clone means that age and size are decoupled in these species. The new study now provides a tool to date these clones with high accuracy. "Such data are, in turn, a prerequisite for solving one of the long-standing puzzles in conservation genetics, namely why such large clones can persist despite variable and dynamic environments," says Thorsten Reusch.

Once a high-quality eelgrass genome was available, work could begin. Another key factor in the study was that colleagues at the University of California, Davis (UC Davis) had kept a seagrass clone in their culture tanks for 17 years, which served as a calibration point. "This paper shows how interdisciplinary interactions between cancer evolutionary biologists and marine ecologists can lead to new insights," says Dr. Benjamin Werner, Lecturer in Mathematics and Cancer Evolution at QMUL, who focuses on the somatic evolution of tumours which also develop clonally. Prof. Dr. Iliana Baums, molecular ecologist at the HIFMB, adds: "We can now apply these tools to endangered corals to develop more effective conservation measures, which we urgently need as unprecedented heat waves threaten coral reefs."

"We expect that other seagrass species and their clones of the genus Posidonia, which extend over more than ten kilometres, will show even higher ages and thus be by far the oldest organisms on Earth," says Thorsten Reusch. These will be the next objects of study.
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Benefits of failure are overrated | ScienceDaily
The platitude that failure leads to success may be both inaccurate and damaging to society, according to research published by the American Psychological Association.


						
Researchers conducted 11 experiments with more than 1,800 participants across many domains and compared national statistics to the participants' responses. In one experiment, participants vastly overestimated the percentage of prospective nurses, lawyers and teachers who pass licensing exams after previously failing them.

"People expect success to follow failure much more often than it actually does," said lead researcher Lauren Eskreis-Winkler, PhD, an assistant professor of management and organizations at Northwestern University. "People usually assume that past behavior predicts future behavior, so it's surprising that we often believe the opposite when it comes to succeeding after failure."

In some experiments, participants wrongly assumed that people pay attention to their mistakes and learn from them. In one field test, nurses overestimated how much their colleagues would learn from a past error. The research was published online in the Journal of Experimental Psychology: General.

"People often confuse what is with what ought to be," Eskreis-Winkler said. "People ought to pay attention and learn from failure, but often they don't because failure is demotivating and ego-threatening."

While telling people they will succeed after failure may make them feel better, that mindset can have damaging real-world consequences, Eskreis-Winkler said. In one experiment, participants assumed that heart patients would embrace healthier lifestyles when many of them don't.

"People who believe that problems will self-correct after failure are less motivated to help those in need," Estreis-Winkler said. "Why would we invest time or money to help struggling populations if we erroneously believe that they will right themselves?"

However, people may recalibrate their expectations when given information about the negligible benefits of failure. In two experiments, participants were more supportive of taxpayer funding for rehabilitation programs for former inmates and drug treatment programs when they learned about the low rates of success for people using those programs.

"Correcting our misguided beliefs about failure could help shift taxpayer dollars away from punishment toward rehabilitation and reform," Eskreis-Winkler said.
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Statins for heart disease prevention could be recommended for far fewer Americans if new risk equation is adopted | ScienceDaily
If national guidelines are revised to incorporate a new risk equation, about 40% fewer people could meet criteria for cholesterol-lowering statins to prevent heart disease, according to a study by researchers at the University of Pittsburgh, Beth Israel Deaconess Medical Center and University of Michigan. Published today in JAMA Internal Medicine, the study examines the potential impact of widespread adoption of the PREVENT equations, which were released by the American Heart Association in November 2023 to update physicians' go-to calculators for assessing patients' 10-year risk of heart attack or stroke.


						
At a population level, the number of adults recommended for statins could decrease from 45.4 million to 28.3 million. At the same time, the study showed that most people who would be recommended to take statins are not currently taking them.

"This is an opportunity to refocus our efforts and invest resources in the populations of patients at the highest risk," said lead author Dr. Timothy Anderson, M.D., M.A.S., a primary care physician at UPMC and health services researcher and assistant professor of medicine at Pitt.

For their analysis, the team used nationally representative data from 3,785 adults, ages 40 to 75, who participated in the National Health and Nutrition Examination Survey from January 2017 to March 2020. The researchers estimated 10-year risk of atherosclerotic cardiovascular disease (ASCVD) using the Predicting Risk of cardiovascular disease EVENTs (PREVENT) equations and compared the results to risk estimated using the previous tool, known as Pooled Cohort Equations (PCE). The PREVENT equations were developed by the American Heart Association to more accurately represent risk across the current U.S. population, as the PCE equations were based on patient data that were decades old and lacked diversity.

PREVENT also reflects more recent insights into the biology of ASCVD. Current statin use as well as metabolic and kidney diseases are incorporated into the new calculation, while race has been removed from it, reflecting a growing awareness that race is a social construct.

Using PREVENT, the team found that among the study's entire cohort, 10-year risk of developing ASCVD was 4%, half as high as the risk calculated by the PCE (8%). The difference was even larger for Black adults (5.1% versus 10.9%) and for adults between the ages of 70 and 75 (10.2% versus 22.8%).

An estimated 4.1 million patients who are currently taking statins would no longer be recommended to take them based on PREVENT. For these patients and their physicians, clear and careful communication is key, said Anderson. "We don't want people to think they were treated incorrectly in the past. They were treated with the best data we had when the PCE was introduced back in 2013. The data have changed."

At the same time, it's important to note that everyone's risk will inevitably change over time, as well, he added. "For a patient who we now know is at lower risk than we previously thought, if we recommend they stop taking statins, they still could be back to a higher risk five years down the road, for the simple reason that everybody's risk goes up as we get older."

Other authors on the study were Linnea Wilson, M.P.H., of Beth Israel Deaconess Medical Center, and Jeremy B. Sussman, M.D., M.P.H., of University of Michigan, Ann Arbor.

This research was supported by the National Institute on Aging (#K76AG074878).
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Elephants have names for each other like people do, new study shows | ScienceDaily
Colorado State University scientists have called elephants by their names, and the elephants called back.


						
Wild African elephants address each other with name-like calls, a rare ability among nonhuman animals, according to a new study published in Nature Ecology and Evolution.

Researchers from CSU, Save the Elephants and ElephantVoices used machine learning to confirm that elephant calls contained a name-like component identifying the intended recipient, a behavior they suspected based on observation. When the researchers played back recorded calls, elephants responded affirmatively to calls that were addressed to them by calling back or approaching the speaker. Calls meant for other elephants received less of a reaction.

"Dolphins and parrots call one another by 'name' by imitating the signature call of the addressee," said lead author Michael Pardo, who conducted the study as an NSF postdoctoral researcher at CSU and Save the Elephants, a research and conservation organization based in Kenya. "By contrast, our data suggest that elephants do not rely on imitation of the receiver's calls to address one another, which is more similar to the way in which human names work."

The ability to learn to produce new sounds is uncommon among animals but necessary for identifying individuals by name. Arbitrary communication -- where a sound represents an idea but does not imitate it -- greatly expands communication capability and is considered a next-level cognitive skill.

"If all we could do was make noises that sounded like what we were talking about, it would vastly limit our ability to communicate," said co-author George Wittemyer, a professor in CSU's Warner College of Natural Resources and chairman of the scientific board of Save the Elephants.

Wittemyer said that the use of arbitrary vocal labels indicates that elephants may be capable of abstract thought.




What's in a name?

Elephant and human evolution diverged tens of millions of years ago, but both species are socially complex and highly communicative. Elephants function within family units, social groups and a larger clan structure similar to the complex social networks humans maintain.

Similar needs likely drove development of arbitrary vocal labeling -- the naming of other individuals with abstract sounds -- in both species, the researchers proposed.

"It's probably a case where we have similar pressures, largely from complex social interactions," Wittemyer said. "That's one of the exciting things about this study, it gives us some insight into possible drivers of why we evolved these abilities."

Elephants are talkative, communicating with one another vocally in addition to sight, scent and touch. Their calls convey a lot of information, including the caller's identity, age, sex, emotional state and behavioral context.

Vocalizations -- from trumpeting to low rumbling of their vocal cords -- span a broad frequency spectrum, including infrasonic sounds below the audible range of the human ear. Elephants can coordinate group movements over long distances using these calls.




Kurt Fristrup, a research scientist in CSU's Walter Scott, Jr. College of Engineering, developed a novel signal processing technique to detect subtle differences in call structure, and Fristrup and Pardo trained a machine-learning model to correctly identify which elephant a call was addressed to based only on its acoustic features.

"Our finding that elephants are not simply mimicking the sound associated with the individual they are calling was the most intriguing," Fristrup said. "The capacity to utilize arbitrary sonic labels for other individuals suggests that other kinds of labels or descriptors may exist in elephant calls."

Eavesdropping on elephants

Elephants are expressive animals, Wittemyer said, and their reactions are easy to read to those familiar with them. When the researchers played back samples, the elephants responded "energetically" and positively to recordings of their friends and family members calling to them but did not react enthusiastically or move toward calls directed to others, demonstrating that they recognized their names.

How did the elephants react when they discovered they'd been prank called?

"They were probably temporarily confused by the playback but eventually just dismissed it as a strange event and went on with their lives," said Pardo, now at Cornell University.

The study also found that elephants, like people, don't always address each other by name in conversation. Calling an individual by name was more common over long distances or when adults were talking to calves.

Research spanned four years and included 14 months of intensive fieldwork in Kenya, following elephants in a vehicle and recording their vocalizations. About 470 distinct calls were captured from 101 unique callers corresponding with 117 unique receivers in Samburu National Reserve and Amboseli National Park.

Could we someday talk with elephants?

The scientists said much more data is needed to isolate the names within the calls and determine whether elephants name other things they interact with, like food, water and places.

"Unfortunately, we can't have them speak into microphones," Wittemyer said, noting the barriers to collecting sufficient data.

New insights into elephant cognition and communication revealed by the study strengthen the case for their conservation, the researchers said. Elephants are classified as endangered, due to poaching for their ivory tusks and habitat loss from development. Because of their size, they need a lot of space and can be destructive to property and hazardous to people.

While conversing with pachyderms remains a distant dream, Wittemyer said that being able to communicate with them could be a gamechanger for their protection.

"It's tough to live with elephants, when you're trying to share a landscape and they're eating crops," Wittemyer said. "I'd like to be able to warn them, 'Do not come here. You're going to be killed if you come here.'"
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In a significant first, researchers detect water frost on solar system's tallest volcanoes | ScienceDaily
An international team of planetary scientists has detected patches of water frost sitting atop the Tharsis volcanoes on Mars, which are not only the tallest volcanic mountains on the Red Planet but in the entire solar system.


						
The discovery marks the first time frost has been spotted near the planet's equator, challenging existing perceptions of the planet's climate dynamics, according to the team's new study in Nature Geoscience.

"We thought it was improbable for frost to form around Mars' equator, as the mix of sunshine and thin atmosphere keeps temperatures during the day relatively high at both the surface and mountaintop -- unlike what we see on Earth, where you might expect to see frosty peaks," said Adomas Valantinas, a postdoctoral fellow at Brown University who led the work as a Ph.D. student at the University of Bern. "What we're seeing may be a remnant of an ancient climate cycle on modern Mars, where you had precipitation and maybe even snowfall on these volcanoes in the past."

According to the study, the frost is present for only a few hours after sunrise before it evaporates in sunlight. The frost is also incredibly thin -- likely only one-hundredth of a millimeter thick or about the width of a human hair. Still, it's quite vast. The researchers calculate the frost constitutes at least 150,000 tons of water that swaps between the surface and atmosphere each day during the cold seasons. That's the equivalent of roughly 60 Olympic-size swimming pools.

Tharsis, the region of Mars where the frost was found, hosts numerous volcanoes. They tower above the surrounding plains at heights ranging from one to two times that of Earth's Mount Everest. Olympus Mons, for instance, is as wide as France.

The frost sits in the calderas of the volcanoes, which are large hollows at their summits created during past eruptions. The researchers propose that the way the air circulates above these mountains creates a unique microclimate that allows the thin patches of frost to form.

The researchers believe modelling how the frosts form could allow scientists to reveal more of Mars' remaining secrets, including understanding where water exists and how it moves, as well as understanding the planet's complex atmospheric dynamics, which is essential for future exploration and the search for possible signs of life.




The researchers detected the frost using high-resolution color images from the Colour and Stereo Surface Imaging System (CaSSIS) onboard the European Space Agency's Trace Gas Orbiter. The findings were then validated using independent observations from the High Resolution Stereo Camera onboard the ESA's Mars Express orbiter and by the Nadir and Occultation for Mars Discovery spectrometer onboard the Trace Gas Orbiter.

The effort involved analyzing over 30,000 images to both initially find the frost and then confirm its existence. Valantinas filtered the images based on where they were acquired as well as when they were acquired, like the time of day and the season. The meticulous approach helped isolate spectral signatures indicative of water frost and where it formed on the Martian surface.

Valantinas started analyzing the images in 2018. The majority of work was completed while earning his Ph.D. abroad but a portion of the reanalysis was completed while at Brown.

Transitioning to his role at Brown, Valantinas now plans to continue his exploration of Martian mysteries while pivoting to astrobiology. Working in the lab of Brown planetary scientist Jack Mustard, he'll work toward characterizing ancient hydrothermal environments that could have supported microbial life. Samples from these environments may one day be brought back to Earth by the NASA-lead Mars Sample Return mission.

"This notion of a second genesis, of life beyond Earth, has always fascinated me," Valantinas said.
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Galactic bloodlines: Many nearby star clusters originate from only three 'families' | ScienceDaily
An international team of astronomers led by the University of Vienna has deciphered the formation history of young star clusters, some of which we can see with the naked eye at night. The team, led by Cameren Swiggum and Joao Alves from the University of Vienna and Robert Benjamin from the University of Wisconsin-Whitewater, reports that most nearby young star clusters belong to only three families, which originate from very massive star-forming regions. This research also provides new insights into the effects of supernovae (violent explosions at the end of the life of very massive stars) on the formation of giant gas structures in galaxies like our Milky Way. The results were published in the journal Nature.


						
"Young star clusters are excellent for exploring the history and structure of the Milky Way. By studying their movements in the past and thus their origin, we also gain important insights into the formation and evolution of our galaxy," says Joao Alves from the University of Vienna, co-author of the study. Using precise data from the European Space Agency's (ESA) Gaia mission and spectroscopic observations, the team traced the origins of 155 young star clusters within a radius of about 3,500 light-years around the Sun. Their analysis shows that these star clusters can be divided into three families with common origins and formation conditions. "This indicates that the young star clusters originate from only three very active and massive star-forming regions," says Alves. These three star families are named after their most prominent star clusters: Collinder 135 (Cr135), Messier 6 (M6), and Alpha Persei (aPer).

"These findings offer a clearer understanding of how young star clusters in our galactic neighborhood are interconnected, much like members of a family or 'bloodlines'," says lead author Cameren Swiggum, a doctoral student at the University of Vienna. "By examining the 3D movements and past positions of these star clusters, we can identify their common origins and locate the regions in our galaxy where the first stars in these respective star clusters formed up to 40 million years ago."

These Massive Explosions Likely Also Created Our "Local Bubble"

The study found that over 200 supernova explosions must have occurred within these three star cluster families, releasing enormous amounts of energy into their surroundings. The authors concluded that this energy likely had a significant impact on the gas distribution in the local Milky Way. "This could explain the formation of a superbubble, a giant bubble of gas and dust with a diameter of 3,000 light-years around the Cr135 family," explains Swiggum. Our solar system is also embedded in such a bubble, the so-called Local Bubble, which is filled with very thin and hot gas. "The Local Bubble is probably also linked to the history of one of the three star cluster families," adds Swiggum. "And it has likely left traces on Earth, as suggested by measurements of iron isotopes (60Fe) in the Earth's crust."

"We can practically turn the sky into a time machine that allows us to trace the history of our home galaxy," says Joao Alves. "By deciphering the genealogy of star clusters, we also learn more about our own galactic ancestry." In the future, Joao Alves' team plans to investigate more precisely whether and how our solar system has interacted with interstellar matter in our home galaxy, the Milky Way.

This research was supported by the ERC Advanced Grant ISM-FLOW (Alves), the Austrian Research Promotion Agency (FFG), the German Research Foundation (DFG), and NASA.
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Tiny new species of great ape lived in Germany 11 million years ago | ScienceDaily
Ancient apes in Germany co-existed by partitioning resources in their environment, according to a study published June 7, 2024 in the open-access journal PLOS ONE by Madelaine Bohme of Eberhard Karls University of Tubingen, Germany and David R. Begun, of University of Toronto, Canada and colleagues.


						
The Hammerschmiede fossil site in Bavaria, Germany is best known for exceptional remains of the ancient great ape Danuvius dating to the late Miocene Epoch, 11.6 million years ago. Other experts contest the strength of the evidence to support whether Danuvius is a hominid or whether this is a new genus or not. No Miocene sites in Europe are known to have more than one species of fossil ape, and Hammerschmiede has been no exception until now. In this study, Bohme and colleagues identify a second species of great ape from the same stratigraphic layer as Danuvius.

This new ape is represented by partial remains of two teeth and one patella whose size and shape are distinct from Danuvius and all other known apes. The authors name this new species Buronius manfredschmidi. Based on the structure of the teeth and patella, the authors infer that Buronius was an adept climber which ate a diet of soft foods such as leaves. From the size of the fossils, the authors estimate a full body size of around 10kg, making Buronius the smallest known great ape.

These features suggest that Buronius had a distinct lifestyle from Danuvius, which is a larger bodied species with a diet of tougher foods. These differences likely allowed these two species to share a habitat without competing for resources, similar to modern gibbons and orangutans which share habitats in Borneo and Sumatra. This is the first known example of a European Miocene fossil site with multiple ancient ape species, though the authors suggest that re-examination of other similar sites might uncover more examples of this cohabiting behavior.

The authors add: "The new great ape from Hammerschmiede, Buronius manfredschmidi, is with about 10 kg body weight not only the smallest known crown ape, he attested the first case of hominid syntopy for Europe. The leaf-eating Buronius shared the habitat with the omnivorous bipedal ape Danuvius guggenmosi."
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A new study reveals that marine cyanobacteria communicate | ScienceDaily
Three years ago Maria del Carmen Munoz, a researcher at the University of Cordoba, was peering into an electron microscope to study the vesicles of marine cyanobacteria and found, almost accidentally, something she did not expect: structures that, although they had already been discovered years ago in other bacteria, had never been found in this type of living being, responsible for producing more than half of the oxygen on Earth. Thus began an extensive study carried out by a multidisciplinary team. Today their work comes out, its results having just been published in the journal Science Advances.


						
These strange structures are called membrane nanotubes, and the most relevant thing is that, according to the study, these small tubes make it possible for these living beings to transfer material by generating an exchange bridge, a kind of hose that connects with nearby cells, allowing them to transfer substances from some cyanobacteria to others. Since the discovery of these organisms, this is the first time that physical and direct contact between them has been demonstrated.

"This finding has enormous implications, and strengthens the idea that we need to change the way we think about cyanobacteria," said researcher Jose Manuel Garcia. Challenging the idea that these organisms operate in isolation, the study suggests that they could act as a kind of network in which they interact, a premise of great relevance considering that these living beings are the most abundant photosynthetic organisms on the planet, representing a veritable "lung" for the oceans, and being indispensable for the sustenance of life as we know it.

In recent years the study, led by principal investigator Maria del Carmen Munoz, has mobilized a multidisciplinary group composed of, among others, the UCO's Departments of Biochemistry, Molecular Biology, and Cell Biology; the Maimonides Institute for Biomedical Research (Cordoba), the University of Cadiz's University Institute of Marine Research, the Institute of Plant Biochemistry and Photosynthesis (Seville), and oceanographer Sallie W. Chisholm, a member of the Massachusetts Institute of Technology and discoverer of the Prochlorococcus genus of cyanobacteria.

Key details

Since the study began, and after reviewing the literature available on these nanotubes in other bacteria, the team has launched different experiments in the laboratory, such as the use of fluorescent proteins and their monitoring by fluorescence microscopy; and the use of electron microscopy for the characterization of these structures. Through these tests they have been able to confirm that there is an exchange of material from the interior of one cell to the other. In addition, as doctoral student and the study's first author Elisa Angulo explained, the work has shown that this transfer of substances not only occurs in cyanobacteria of the same lineage, but also between those of different genera, something that has been verified not only at the laboratory level, but also in natural ocean samples.

New questions 

As is often the case in science, these findings now open the door to new questions: is this transfer of molecules a support mechanism or a weapon to compete for survival? What other substances could be exchanged, beyond proteins? Is there any relationship between this mechanism and the amount of food available in the environment? Elisa Angulo, a researcher at the University of Cordoba, is already trying to answer this last question, and has just concluded a voyage on the high seas in which she has been researching the behavior of these living beings in oligotrophic areas of the Pacific poor in nutrients. We will have to wait for the next few months to continue acquiring knowledge about these marine bacteria, the living beings that invented photosynthesis and that, more than 3.5 billion years old, represent one of the oldest known forms of life. Their study, therefore, is not only of vital importance for ecosystems, but also to understand fundamental processes in the vast field of Biology.
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Researchers upend theory about the formation of the Milky Way Galaxy | ScienceDaily
Rensselaer Polytechnic Institute's Heidi Jo Newberg, Ph.D., professor of astronomy; Tom Donlon, Ph.D., a visiting researcher at Rensselaer and a postdoctoral researcher at the University of Alabama; and their team have recently published research that reveals a shocking discovery about the history of our universe: the Milky Way Galaxy's last major collision occurred billions of years later than previously thought.


						
The discovery was made possible by the European Space Agency's Gaia spacecraft, which is mapping more than a billion stars throughout the Milky Way and beyond, tracking their motion, luminosity, temperature, and composition. Newberg, a renowned astrophysicist and Milky Way expert, and Donlon focused on the so-called "wrinkles" in our galaxy, which are formed when other galaxies collide with the Milky Way.

"We get wrinklier as we age, but our work reveals that the opposite is true for the Milky Way. It's a sort of cosmic Benjamin Button, getting less wrinkly over time," said Donlon, lead author of the new Gaia study, which also served as his doctoral thesis at Rensselaer. "By looking at how these wrinkles dissipate over time, we can trace when the Milky Way experienced its last big crash -- and it turns out this happened billions of years later than we thought."

By comparing their observations of the wrinkles with cosmological simulations, the team was able to determine that our last significant collision with another galaxy did not, in fact, occur between eight and 11 billion years ago, as previously believed.

"For the wrinkles of stars to be as obvious as they appear in Gaia data, they must have joined us no less than three billion years ago -- at least five billion years later than was previously thought," said Newberg, Donlon's thesis adviser at Rensselaer. "New wrinkles of stars form each time the stars swing back and forth through the center of the Milky Way. If they'd joined us eight billion years ago, there would be so many wrinkles right next to each other that we would no longer see them as separate features."

The collision is thought to have resulted in a large number of stars with unusual orbits. Previously, scientists dated it at between eight and 11 billion years ago in a collision called the Gaia-Sausage-Enceladus (GSE) merger. Rather, Newberg and Donlon's findings indicate that the stars may have resulted from the Virgo Radial Merger, which crashed through the center of the Milky Way less than three billion years ago.

"Gaia is a hugely productive mission that's transforming our view of the cosmos," says Timo Prusti, Ph.D., Project Scientist for Gaia at the European Space Agency. "Results like this are made possible due to incredible teamwork and collaboration between a huge number of scientists and engineers across Europe and beyond."

"Through this study, Doctors Newberg and Donlon have made a startling discovery about the history of the Milky Way galaxy," said Curt Breneman, Ph.D., dean of the School of Science. "Gaia data is offering unprecedented opportunities to better understand our universe, and I am thrilled that Rensselaer researchers were able to harness the power of this incredibly detailed new data."

Newberg and Donlon were joined in research by Robyn Sanderson, Ph.D., of the University of Pennsylvania and Flatiron Institute; Emily Bregou, Ph.D., Arpit Arora, Ph.D., and Nondh Panithanpaisal, Ph.D. of the University of Pennsylvania; and Danny Horta, Ph.D., of the Flatiron Institute and the Astrophysics Research Institute.
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        Younger workers feel stressed, lonely and undervalued
        Younger workers are struggling with feelings of loneliness and a lack of appreciation at work and tend to feel more comfortable working with people their own age, according to a recent survey.

      

      
        Does having a child with low birth weight increase a person's risk of dementia?
        People who give birth to infants less than 5.5 pounds may be more likely to have memory and thinking problems later in life than people who give birth to infants who do not have a low birth weight, according to a new study. The effect on memory and thinking skills was equivalent to one to two years of aging for those with low-birth-weight deliveries.

      

      
        Depressive symptoms in young adults linked to thinking, memory problems in midlife
        People who experience prolonged depressive symptoms starting in young adulthood may have worse thinking and memory skills in middle age, according to a new study. The study also found that depressive symptoms were experienced more often by Black adults than white adults.

      

      
        Exposure to heat and cold in early life may affect development of white matter in the brain
        Brain scans of more than 2,000 preadolescents suggests that early life exposure to heat and cold may have lasting effects on the microstructure of white matter in the brain, especially when living in poorer neighborhoods. The study highlights the vulnerability of fetuses and children to extreme temperatures.

      

      
        Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
        Engineers have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.

      

      
        Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley'
        Louisiana's southeastern corridor is sometimes known colloquially as 'Cancer Alley' for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.

      

      
        Putting the brakes on chronic inflammation
        Scientists have discovered a previously unknown link between two key pathways that regulate the immune system in mammals -- a finding that impacts our understanding of chronic inflammatory bowel diseases (IBD). This family of disorders severely impacts the health and quality of life of more than 2 million people in the United States.

      

      
        To heal skin, scientists invent living bioelectronics
        Engineers have created a patch that combines sensors and bacteria to interact with the body.

      

      
        Robot radiotherapy could improve treatments for eye disease
        Researchers have successfully used a new robot system to improve treatment for debilitating eye disease.

      

      
        Towards a new era in flexible piezoelectric sensors for both humans and robots
        Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in m...

      

      
        AI better detects prostate cancer on MRI than radiologists
        AI detects prostate cancer more often than radiologists. Additionally, AI triggers false alarms half as often. This was a large-scale study where an international team transparently evaluated and compared AI with radiologist assessments and clinical outcomes.

      

      
        Age is just a number: Immune cell 'epigenetic clock' ticks independently of organism lifespan
        Researchers use epigenetic clock, DNA methylation and mouse model to demonstrate that T cell proliferation can stretch past organism lifespan and acuta lymphoblastic leukemia T cells appear hundreds of years old.

      

      
        Site new care homes near trees and away from busy roads to protect residents' lungs
        To shield older residents from dangerous air pollution, new care homes should be built as far from heavy traffic as possible, according to a new study.

      

      
        Nasal microbiota is potential diagnostic biomarker for sepsis
        A new study shows that analyzing nasal microbiota outperforms gut microbiota analysis to predict sepsis in the ICU.

      

      
        Boosting CAR-T cell therapies from under the skin
        CAR-T cell therapies are transforming the treatment of previously incurable blood cancers, but a large proportion of patients still responds only poorly or not at all to them, calling for new strategies to overcome this challenge. Now, a research team has developed a simple intervention in the form of a biodegradable scaffold material called 'T-cell enhancing scaffolds' (TES) that can be locally injected under the skin and used to restimulate CAR-T cells after their administration. This increased...

      

      
        An AI-powered wearable system tracks the 3D movement of smart pills in the gut
        Scientists have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings.

      

      
        Study shows role of fathers in seeding the microbiota of newborns and confirms benefits of maternal fecal microbiota transplants
        A mother's contribution to the makeup of a newborn baby's microbiota has been well documented. Now a new article shows the important contributions that fathers make to the composition of microorganisms colonizing a baby's gut as well. Furthermore, the study confirmed that maternal fecal microbiota transfer (FMT) in babies born by caesarean section can help to correct the microbiota disturbances often observed in babies who are not born vaginally.

      

      
        AI-powered simulation training improves human performance in robotic exoskeletons
        Researchers have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.

      

      
        New technique reveals earliest signs of genetic mutations
        Mutations are changes in the molecular 'letters' that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.

      

      
        Origin and spread of malaria
        Researchers have reconstructed the evolutionary history and global spread of malaria over the past 5,500 years, identifying trade, warfare, and colonialism as major catalysts for its dispersal.

      

      
        Just thinking about a location activates mental maps in the brain
        Researchers found that mental representations known as cognitive maps, located in the hippocampus and entorhinal cortex, are activated when the brain performs mental simulations of a navigational route.

      

      
        Obesity-cancer connection discovery suggests strategies for improving immunotherapy
        Immune system cells called macrophages play an unexpected role in the complicated connection between obesity and cancer. The findings provide a mechanistic explanation for how obesity can contribute to both increased cancer risk and enhanced responses to immunotherapy.

      

      
        Smartwatches offer window into Parkinson's disease progression
        New research adds to growing evidence that widely used and user-friendly consumer devices, in this instance an Apple Watch paired with an iPhone, can detect changes in Parkinson's symptoms over time in individuals in the early stages of the disease.

      

      
        Hybrid work is a 'win-win-win' for companies, workers
        In the largest study yet of working-from-home professionals, economists reveal that employees who work from home two days a week are just as productive, likely to get promoted, and far less prone to quit.

      

      
        Inherited genetic factors may predict the pattern of X chromosome loss in older women
        Researchers have identified inherited genetic variants that may predict the loss of one copy of a woman's two X chromosomes as she ages, a phenomenon known as mosaic loss of chromosome X, or mLOX. These genetic variants may play a role in promoting abnormal blood cells (that have only a single copy of chromosome X) to multiply, which may lead to several health conditions, including cancer.

      

      
        Study on fruit flies could benefit eggs of older women
        A new study conducted on fruit flies reports the first evidence that oocytes -- the cells that become eggs -- regularly rejuvenate the critical protein linkages that bind chromosomes together. The findings are a potentially important step toward helping women reduce their risk of pregnancy complications as they age.

      

      
        Painful truth about knee osteoarthritis: Why inactivity may be more complex than we think
        Knee osteoarthritis (OA) is a common cause of pain and joint stiffness. And while physical activity is known to ease symptoms, only one in 10 people regularly exercise.

      

      
        Preparing for a world where Alzheimer's disease is treatable
        Drugs with the potential to change the course of Alzheimer's disease are expected to be approved by mid-year in the UK. Healthcare services may need to change to ensure that all patients have equitable access to these new modifying anti-amyloid therapies, according to new research.

      

      
        Female AI 'teammate' generates more participation from women
        An artificial intelligence-powered virtual teammate with a female voice boosts participation and productivity among women on teams dominated by men, according to new research.

      

      
        Do traumatic life experiences impact perception of distressing imagery?
        Researchers have examined viewer responses to images of distressing and neutrally decorated masks and whether personal life history, particularly past experiences of trauma and difficulty, affected how the person perceived the imagery.

      

      
        New biomarker database designed to improve astronaut health may also be useful to earthlings
        As space travel becomes more frequent, a new biomarker tool was developed by an international team of researchers to help improve the growing field of aerospace medicine and the health of astronauts.

      

      
        Haiku may shine a light on humans' relationship with insects
        Haiku poems have reflected humans' experiences in nature for hundreds of years, including observations of bugs and other wildlife. Recently, researchers analyzed which insects were mentioned the most in haiku -- with butterflies, fireflies and singing insects such as crickets topping the list.

      

      
        Precision medicine for sepsis in children within reach
        Sepsis -- the leading cause of mortality in children around the world -- can present with a wide range of signs and symptoms, making a one-size-fits-all treatment strategy ineffective. Pursuing a precision medicine approach for pediatric sepsis, researchers used artificial intelligence to analyze a large set of clinical data and find a distinct group of patients who might respond better to targeted treatments.

      

      
        Research on the visual rabbit illusion takes a leap forward
        Researchers have discovered new variations of an illusion created when we see three rapid flashes in our side vision. Regardless of the position of the second flash, the illusion causes the brain to perceive the flashes in a straight line, with the second near the midpoint. The findings suggest that our brain processes the flashes as a whole, rather than independently, showing that later events determine our perception of past location.

      

      
        AI model may yield better outcomes for prostate cancer
        By using AI to assist with cancer contouring, the researchers found predicting the cancer size was 45 times more accurate and consistent than when physicians used only conventional clinical imaging and blood tests to predict the cancer extent.

      

      
        Underlying mechanisms behind regular exercise benefits
        Scientists studied both male and female rats over eight weeks of endurance exercise and found thousands of molecular alterations. These findings have implications for human health, such as in liver disease, bowel disease, cardiovascular health, and tissue recovery.

      

      
        Cognitive test is poor predictor of athletes' concussion
        When college athletes are evaluated for a possible concussion, the diagnosis is based on an athletic trainer or team physician's assessment of three things: the player's symptoms, physical balance and cognitive skills. Research published today suggests that almost half of athletes who are ultimately diagnosed with a concussion will test normally on the recommended cognitive-skills test.

      

      
        How the immune system goes awry during space travel and the implications for human aging on earth
        Researching the immune system in space could have payoffs for human aging on earth. Scientists have revealed how the lack of gravity affects the cells of the immune system at single cell resolution.

      

      
        Would astronauts' kidneys survive a roundtrip to Mars?
        The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.

      

      
        Depressive symptoms may hasten memory decline in older people
        The researchers concluded that depression and memory were closely interrelated, with both seeming to affect each other.

      

      
        Shedding light on the origin of a genetic variant underlying fungal infections
        Variants in the CARD9 gene increase susceptibility to severe fungal infections. However, individuals in different parts of the world tend to carry specific CARD9 variants, making it complex to track the origin of these mutations. In a recent study, a research team conducted genetic analyses on Japanese, Korean, and Chinese patients, revealing that they all shared a variant of CARD9 stemming from a common ancestor from less than 4,000 years ago.

      

      
        Researchers reveal new pathway to improve traumatic brain injury outcomes
        Working together to understand the factors which could be used to predict outcome following TBI, researchers examined factors related to social support, health, clinical care, biological markers, acute interventions, and longer-term outcomes.

      

      
        Detecting early linguistic signs of dementia by studying the natural speech of seniors
        A study led by linguists has found that early linguistic signs of dementia can be detected through the study of the natural speech of senior Singaporeans. The novel study revealed that participants with memory-related mild cognitive impairment spoke less and used fewer, but more abstract, nouns that is consistent with the speech pattern of Alzheimer's patients.

      

      
        Reading pleasure and pain from the brain
        Researchers have revealed how the brain processes emotions related to sustained pain and pleasure.

      

      
        Shaping nanoparticles with enzymes
        The selective bond-breaking powers of enzymes bring new versatility for building nanoparticles with a wide range of technical and medical potential.

      

      
        We spend more with cashless payments
        A study has found that when using cashless methods of payment, individuals tend to spend more when purchasing.

      

      
        Promising role of antidiabetic drug in cancer control
        Researchers have analyzed how an antidiabetic treatment could help control the growth of tumors, potentially paving the way for the design of better cancer treatments.

      

      
        New insights on polymicrobial infections in chronic lung diseases
        Chronic lung diseases are often accelerated and exacerbated by polymicrobial infections. An international study has identified two types of these so-called dysbioses in cystic fibrosis. They display distinct ecology and are also likely to respond differently to treatment.

      

      
        'Self-taught' AI tool helps to diagnose and predict severity of common lung cancer
        A computer program based on data from nearly a half-million tissue images and powered by artificial intelligence can accurately diagnose cases of adenocarcinoma, the most common form of lung cancer, a new study shows.

      

      
        Gene that helps cancer cells spread throughout the body
        Expression of Gstt1 enables the cells to change the surrounding environment to support their growth. The findings could lead to new strategies to treat metastatic cancer and would be particularly impactful for patients with pancreatic cancer.
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Younger workers feel stressed, lonely and undervalued | ScienceDaily
Younger workers are struggling with feelings of loneliness and a lack of appreciation at work and tend to feel more comfortable working with people their own age, according to a survey by the American Psychological Association.


						
The 2024 Work in America survey, conducted online by The Harris Poll of more than 2,000 working U.S. adults, found that three in 10 U.S. workers reported that people in their organization who are not close to their age do not see the value in their ideas (32%). That number was significantly higher for workers aged 18-25 (48%) than for workers aged 65 and older (16%). Workers aged 18-25 and 26-43 were also significantly more likely than workers aged 44-57, 58-64 and 65+ to say that they feel more comfortable working with people their own age than with other age groups (62% and 57% vs. 42%, 38% and 27%).

While most working adults reported that they appreciate the opportunity to work with people of different ages (92%) and say that having colleagues from a range of age groups is an advantage for their workplace (87%), a quarter said that they are worried about job security because of their age. And nearly three in 10 U.S. workers (29%) said that they feel self-conscious about their age at work, including 43% of workers aged 18-25.

There are signs that younger workers may have difficulty connecting with their coworkers on a personal level as well; nearly half (45%) of workers aged 18-25 said they feel lonely when they are working, significantly more than workers aged 26-43 (33%), 44-57 (22%), 58-64 (15%) and 65+ (14%). They are also more likely than older workers to say they typically feel tense or stressed out during their workday (48% aged 18-25, 51% aged 26-43, and 42% aged 44-57 vs. 30% aged 58-64 and 17% aged 65+).

"With more workers retiring later in life, the demographics of the workplace are changing and younger workers seem to be having the hardest time adjusting. At the same time, with increased remote work and the use of new technologies like AI, younger and older workers alike are facing a paradigm shift around where and how we work," said Arthur C. Evans Jr., PhD, APA's chief executive officer. "To remain competitive, employers should invest in strategies that support their workers' well-being and mental health to help them navigate these new norms and evolving professional landscape."

Overall, a third of U.S. workers said they do not have enough control over when, where and how they do their work. One in three workers (33%) also said they are not working in their preferred location, be it remote, in person or a hybrid of the two. According to the survey, 59% of U.S. workers reported currently working all in person, 24% reported being hybrid and 17% reported working completely remotely. However, only 38% of workers reported they would prefer to work all in person, compared with 34% who reported preferring to work hybrid and 28% who reported preferring to work remotely.

Other key findings:
    	The percentage of workers who reported that their employer offers four-day workweeks was significantly higher in 2024 than the previous two years (14% in 2022, 17% in 2023 and 22% in 2024). And two-thirds (67%) said they believe the four-day workweek will become standard in their lifetime.
    	Employees' use of AI is outpacing employer guidance, with more than one-third of workers (35%) who reported using AI monthly or more often to assist with their work. However, only 18% reported knowing that their employer has an official policy about acceptable uses of AI. Half of workers said their employer has no such policy, and close to one-third (32%) were unsure.
    	A majority (67%) of workers reported experiencing at least one outcome often associated with workplace burnout in the last month, such as lack of interest, motivation, or low energy, feeling lonely or isolated and a lack of effort at work.

What also stood out was that workers who feel comfortable expressing themselves or raising difficult issues without fear of negative consequences -- what psychologists call "psychological safety" -- tend to report better experiences at work. Workers who experience higher levels of psychological safety are more likely than workers experiencing lower levels of psychological safety to say they feel like they belong (95% vs. 69%) and that they feel comfortable being themselves in the workplace (95% vs. 75%). They were also 10 times less likely to say their workplace is very or somewhat toxic than workers who experience lower levels of psychological safety (3% vs. 30%).




The poll found that people with disabilities reported experiencing a lack of psychological safety at work at an alarming rate, which could be linked to the negative impacts of ableism or unequal access to opportunities due to bias. Two-thirds of workers with a cognitive, emotional, learning or mental disability and a similar number of workers with a physical disability (63%) reported experiencing lower levels of psychological safety, compared with 45% of workers who did not report having a disability.

Workers with disabilities were more likely to report concerns about their workplaces. Less than half (48%) of individuals living with a cognitive, emotional, learning or mental disability described their company's culture as one that respects time off, compared with 63% of those not living with a disability. And 57% of workers with physical disabilities reported concern that AI may make some or all of their job duties obsolete in the near future, compared with 37% of workers who did not report having a disability.

"Our survey findings underscore the need for employers to create psychologically safe work environments for their employees," Evans said. "We know from research that psychological safety not only enhances individual employee well-being but strengthens the organization by fostering a culture of creativity, innovation and effective teamwork, which ultimately helps to improve the bottom line."

Methodology

The research was conducted online in the United States by The Harris Poll on behalf of the American Psychological Association among 2,027 employed adults. The survey was conducted March 25-April 3, 2024. Data are weighted where necessary by age by gender, race/ethnicity, region, education, marital status, household size, work status, household income, and smoking status to bring them in line with their actual proportions in the population. A full methodology is available.
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Does having a child with low birth weight increase a person's risk of dementia? | ScienceDaily
People who give birth to infants less than 5.5 pounds may be more likely to have memory and thinking problems later in life than people who give birth to infants who do not have a low birth weight, according to a study published in the June 12, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. The effect on memory and thinking skills was equivalent to one to two years of aging for those with low-birth-weight deliveries.


						
The study does not prove that delivery of a low-birth-weight infant causes memory and thinking problems. It only shows an association.

"Previous research has shown that people who have had a low-birth-weight delivery have a higher risk of cardiovascular disease and high blood pressure," said study author Diana C. Soria-Contreras, PhD, of the Harvard T.H. Chan School of Public Health in Boston, Massachusetts. "Our study found that a history of having a child with a low birth weight may also be a marker of poorer cognition later in life."

The study involved 15,323 female participants with an average age of 62 at completion of thinking and memory tests. All the participants had at least one birth. Of the total participants, 1,224 people, or 8%, had a history of low-birth-weight delivery. Low birth weight was defined as less than 5.5 pounds for pregnancies lasting more than 20 weeks.

Participants completed a questionnaire about their pregnancy complications, birth outcomes, birth weight and other information.

They also completed a series of thinking and memory tests.

Researchers then combined average scores of the two tests of participants' memory and ability to quickly and accurately respond to a situation as well as the two tests of learning and working memory. Higher scores indicated better memory and thinking. On average, the difference in scores between those with and without a low-birth-weight delivery was -0.06 for speed and attention tests and -0.05 for learning and working memory. This is comparable to the difference associated with one to two additional years of age in this population.




The results were similar after researchers adjusted for factors that could affect both birth weight and cognitive function, such as age, smoking status and high blood pressure. The results were also similar when researchers did not include people with premature deliveries, pregnancies with twins or other multiples or those affected by pregnancy-related high blood pressure disorders.

In addition, they found that the more low-birth-weight deliveries people had, the lower their scores were.

"Future research is needed to confirm our findings and to look at whether screening women with a history of low-birth-weight deliveries for cognitive issues and taking steps to promote their brain health could help prevent or delay cognitive impairment and dementia later on," Soria-Contreras said.

A limitation of the study is that most of the participants were non-Hispanic white people, so results may not be generalizable to other populations.

The study was supported by the National Institute of Mental Health, the National Institute of Environmental Health Sciences, the National Institute on Aging and the Office of Research on Women's Health.
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Depressive symptoms in young adults linked to thinking, memory problems in midlife | ScienceDaily
People who experience prolonged depressive symptoms starting in young adulthood may have worse thinking and memory skills in middle age, according to a study published in the June 12, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. The study also found that depressive symptoms were experienced more often by Black adults than white adults.


						
"The processes that lead to dementia begin long before signs of the disease become apparent, and previous research has shown that Black adults have a higher risk of dementia than white adults," said study author Leslie Grasset, PhD, of University of Bordeaux in France. "Our study found that prolonged exposure to elevated depressive symptoms in young adulthood has a negative effect on thinking and memory in middle age, especially for Black adults."

The study involved 3,117 people with an average age of 30 at the start of the study. Of participants, 47% were Black and 53% were white.

Participants were evaluated for depressive symptoms every five years for 20 years. At each visit, they completed a questionnaire asking if they experienced changes in appetite or sleep, had problems with concentration or experienced feelings of worthlessness, sadness or loneliness. Higher scores represented more symptoms.

Researchers divided participants into four groups based on the progression of their symptoms over time: persistently low symptoms, medium decreasing, persistently medium or high increasing symptoms. There was a higher proportion of Black participants, 52%, in the persistently medium group, as well as the high increasing depressive symptoms group with 70%.

Five years later, when participants had an average age of 55, they were given three tests to examine thinking and memory skills.

For example, on a test that measures processing speed and memory, participants were given a key showing numbers and corresponding symbols. They then had to draw those symbols on a separate list of random numbers as quickly as possible. The score range was zero to 133 with lower scores representing worse cognition. Those in the low symptom group had an average score of 73, in the medium decreasing group, an average score of 71, persistently medium, a score of 66 and high increasing, an average score of 57.




After adjusting for factors such as age, physical activity and total cholesterol, among Black participants, those in the high symptom group had an average score that was 0.64 standard deviations below the average score for the low symptom group. Among white participants, those in the high symptom group had an average score that was 0.40 standard deviations below the average score for the low symptom group.

Researchers created a standardized score for each of the three cognitive tests. After adjusting for factors such as education, blood pressure and total cholesterol, researchers found among Black participants, those in the three groups with high and medium symptoms had worse verbal memory, processing speed and executive function scores when compared to those in the low group.

Researchers found among white participants, those in the high symptom group had worse verbal memory and processing speed scores when compared to those in the low symptom group.

"Our results suggest that Black adults are not only more likely to experience worse depressive symptoms trajectories, but these symptoms may lead to worse repercussions on thinking and memory as early as middle age," said Grasset. "This may help explain some of the disparities in dementia risk at older age."

Grasset said, "Having more depressive symptoms may be due to inequalities in socioeconomic resources such as housing and income, as well as access to health care and treatment. Racial inequalities should be accounted for when designing interventions to reduce a person's risk of dementia."

A limitation of the study was that symptoms were self-reported and no clinical diagnosis of depression was available. It is possible that some participants may not have accurately reported their symptoms.
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Exposure to heat and cold in early life may affect development of white matter in the brain | ScienceDaily
Brain scans of more than 2,000 preadolescents suggests that early life exposure to heat and cold may have lasting effects on the microstructure of white matter in the brain, especially when living in poorer neighbourhoods. The study, published in Nature Climate Change, highlights the vulnerability of foetuses and children to extreme temperatures. This research has been led by the Barcelona Institute for Global Health (ISGlobal), a centre supported by the "la Caixa" Foundation, and IDIBELL, in collaboration with the Erasmus University Medical Center Rotterdam (ERASMUS MC) and the Centro de Investigacion Biomedica en Red (CIBER): areas of Epidemiology Public Health (CIBERESP), and Mental Health (CIBERSAM).


						
In the current climate emergency, the impact of extreme temperatures on human health is a major concern for the scientific community and society. Children are particularly vulnerable to temperature changes, as their thermoregulation mechanisms are still immature.

"We know that the developing brain of foetuses and children is particularly susceptible to environmental exposures, and there is some preliminary evidence suggesting that exposure to cold and heat may affect mental well-being and cognitive performance in children and adolescents," says Monica Guxens, researcher at ISGlobal, Erasmus MC and CIBERESP. "However, there is a lack of studies evaluating potential changes in brain structure as a result of these exposures," she adds.

In this study, a team led by Guxens looked at the white matter structure in the brains of preadolescents to identify windows of susceptibility to cold and heat exposure in early life. The analysis included 2,681 children from the Generation R Study, a birth cohort in Rotterdam, who underwent magnetic resonance imaging (MRI) between 9 and 12 years of age. The MRI protocol assessed brain connectivity by measuring the magnitude and direction of water diffusion within the brain's white matter. In more mature brains, water flows more in one direction than in all directions, which gives lower values for a marker called mean diffusivity and higher values for another marker called fractional anisotropy. The research team used an advanced statistical approach to estimate, for each participant, exposure to monthly mean temperatures from conception until 8 years of age, and their effect on these MRI connectivity parameters (mean diffusivity and fractional anisotropy) measured at 9-12 years.

Susceptibility window between pregnancy and age three

The results show that exposure to cold during pregnancy and the first year of life, and exposure to heat from birth until 3 years of age were associated with higher mean diffusivity at preadolescence, pointing to slower white matter maturation. 'Cold' and 'heat', in this case, are defined as those temperatures that are at the lower and upper end, respectively, of the temperature distribution in the study region.

"The fibres of the white matter are responsible for connecting the different areas of the brain, enabling communication between them. As the white matter develops, this communication becomes faster and more efficient. Our study is like a photograph at a particular moment in time and what we see in that image is that participants more exposed to cold and heat show differences in a parameter -- the mean diffusivity -- which is related to a lower level of maturation of the white matter," explains Laura Granes, IDIBELL and ISGlobal researcher and first author of the study. "In previous studies, the alteration of this parameter has been associated with poorer cognitive function and certain mental health problems," she adds.




"The largest changes in connectivity parameters are observed in the first years of life," says co-author and IDIBELL, UB and CIBERSAM researcher Carles Soriano. "Our results suggest that it is during this period of rapid brain development that exposure to cold and heat can have lasting effects on the microstructure of white matter."

No association was found between temperature exposure in early life and fractional anisotropy at 9-12 years. The authors argue that a possible explanation is that these two metrics reflect different microstructural changes, and that mean diffusivity may be a more robust indicator of white matter maturation, compared to fractional anisotropy.

Poorer children more at risk

A stratified analysis by socioeconomic conditions showed that children living in poorer neighbourhoods were more vulnerable to cold and heat exposure. In these children, the windows of susceptibility to cold and heat were similar than those identified in the overall cohort, but started earlier. These differences may be related to housing conditions and energy poverty.

One important mechanism that could explain the effect of ambient temperature on neurodevelopment could be related to poorer sleep quality. Other possible mechanisms include disruption of placental functions, activation of the hormonal axis leading to higher cortisol production, or inflammatory processes.

"Our findings help to raise awareness of the vulnerability of foetuses and children to changing temperatures," says Guxens. The findings also stress the need of designing public health strategies to protect the most vulnerable communities in the face of the looming climate emergency.
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Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice | ScienceDaily
Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.


						
The findings are detailed in a paper published on June 12 in Science Advances.

The microrobots are an ingenious combination of biology and nanotechnology. They are a joint effort between the labs of Joseph Wang and Liangfang Zhang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering.

To create the microrobots, researchers chemically attached drug-filled nanoparticles to the surface of green algae cells. The algae, which provide the microrobots with their movement, enable the nanoparticles to efficiently swim around in the lungs and deliver their therapeutic payload to tumors.

The nanoparticles are made of tiny biodegradable polymer spheres, which are loaded with the chemotherapeutic drug doxorubicin and coated with red blood cell membranes. This coating serves a critical function: it protects the nanoparticles from the immune system, allowing them to stay in the lungs long enough to exert their anti-tumor effects. "It acts as a camouflage," said study co-first author Zhengxing Li, who is a nanoengineering Ph.D. student in both Wang and Zhang's research groups. "This coating makes the nanoparticle look like a red blood cell from the body, so it will not trigger an immune response."

This formulation of nanoparticle-carrying algae is safe, the researchers noted. The materials used to make the nanoparticles are biocompatible while the green algae employed, Chlamydomonas reinhardtii, are recognized as safe for use by the U.S. Food and Drug Administration.

This study builds on prior work by Wang and Zhang's teams using similar microrobots to treat deadly pneumonia in mice. "Those were the first microrobots to be safely tested in the lungs of live animals," said Wang.




In previous work, the microrobots fought the spread of pneumonia-causing bacteria using a different drug and cell membrane combination for the nanoparticles. By tweaking these components, the team has now tailored the microrobots to fight the spread of cancer cells in the lungs. "We demonstrate that this is a platform technology that can actively and efficiently deliver therapeutics throughout the entire lung tissue to combat different types of deadly diseases in the lungs," said Zhang.

In the current study, mice with melanoma that had metastasized to the lungs were treated with the microrobots, which were administered to the lungs through a small tube inserted into the windpipe. Treated mice experienced a median survival time of 37 days, an improvement over the 27-day median survival time observed in untreated mice, as well as mice that received either the drug alone or drug-filled nanoparticles without algae.

"The active swimming motion of the microrobots significantly improved distribution of the drug to the deep lung tissue, while prolonging retention time," said Li. "This enhanced distribution and prolonged retention time allowed us to reduce the required drug dosage, potentially reducing side effects while maintaining high survival efficacy."

Moving forward, the team is working on advancing this microrobot treatment to trials in larger animals, with the ultimate goal of human clinical trials.

Paper: "Biohybrid microrobots locally and actively deliver drug-loaded nanoparticles to inhibit the progression of lung metastasis." Co-authors of the study include Fangyu Zhang*, Zhongyuan Guo*, Zhengxing Li*, Hao Luan, Yiyan Yu, Audrey T. Zhu, Shichao Ding, Weiwei Gao and Ronnie H. Fang.

*These authors contributed equally to this work.

This work was supported by the Defense Threat Reduction Agency Joint Science and Technology Office for Chemical and Biological Defense (HDTRA1-21-1-0010) and the National Institutes of Health (R21AI175904).
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Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley' | ScienceDaily
Louisiana's southeastern corridor is sometimes known colloquially as "Cancer Alley" for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers reporting in ACS' Environmental Science & Technology measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.


						
In 2016, the U.S. Environmental Protection Agency (EPA) classified ethylene oxide as carcinogenic to humans, particularly when it is inhaled. Despite significant concern over chronic ethylene oxide exposure for people living between Baton Rouge and New Orleans, there are no published reports of ambient concentrations of the carcinogen that aren't derived from industry self-reported emissions data. So, Peter DeCarlo and colleagues proposed measuring the levels of this gas using optical instruments that quickly measure airborne chemicals and provide results in real time.

They used a mobile monitoring system with equipment mounted on a small truck or van. These mobile laboratories drove a fixed route along a heavily industrialized portion of the corridor.
    	One small truck carried a tunable infrared laser direction absorption spectrometer, which measured ambient ethylene oxide in the surrounding air.
    	The van carried a cavity ringdown spectrometer to detect downwind of petrochemical sites contaminant plumes, i.e., mixtures of ethylene oxide and other chemicals, which indicate the type of facility that emitted them.

DeCarlo and the team completed 23 130-mile laps with their mobile monitoring vans from January to February 2023. All of the ethylene oxide measurements were higher than EPA estimates, which were gleaned from industry-reported emissions. Specifically, the researchers' ambient air measurements revealed that most of the region had ethylene oxide levels that correspond to risk levels above EPA's acceptable upper limit. A few locations had contaminant concentrations that represent potentially serious health risks for facility workers. And the team's second van, with the cavity ringdown spectrometer, identified chemical plumes up to 7 miles from their likely sources, which are beyond the 6-mile distance of "fenceline communities." EPA defines fenceline communities as those where people live close enough to highly polluting facilities that they could be directly affected by the emissions of operation.

The researchers hope that this demonstration of a mobile monitoring system helps increase accurate measurements of hazardous air pollution in an area densely populated with ethylene oxide emitters. Their work also highlights important issues related to current detection and reporting methods and associated health impacts on people living near potential pollution sources.

The authors acknowledge funding from Bloomberg Philanthropies and the National Institute of Environmental Health Sciences. 

Some coauthors are employed at Aerodyne Research, Inc., which provided a mobile laboratory and field sampling equipment. Some coauthors are employed at Picarro, Inc. which manufactures one of the instruments used in the study. 
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Putting the brakes on chronic inflammation | ScienceDaily
Scientists at Weill Cornell Medicine discovered a previously unknown link between two key pathways that regulate the immune system in mammals -- a finding that impacts our understanding of chronic inflammatory bowel diseases (IBD). This family of disorders severely impacts the health and quality of life of more than 2 million people in the United States.


						
The immune system has many pathways to protect the body from infection, but sometimes an overactive immune response results in autoimmune diseases including IBD, psoriasis, rheumatoid arthritis and multiple sclerosis. Interleukin-23 (IL-23) is one such immune factor that fights infections but is also implicated in many of these inflammatory diseases. However, it was unknown why IL-23 is sometimes beneficial, and other times becomes a driver of chronic disease.

In the study, published June 12 in Nature, the team found that IL-23 acts on group 3 innate lymphoid cells (ILC3s), a family of immune cells that are a first line of defense in mucosal tissues such as the intestines and lungs. In response, ILC3s increase activity of CTLA-4, a key regulatory factor that prevents the immune system from attacking the body and beneficial gut microbiota. This interaction critically balances the pro-inflammatory effects IL-23 to maintain gut health, but is impaired in IBD.

The findings identify ILC3s as a critical link between potent IL-23 driven inflammatory response and checkpoints for immune regulation in the intestine. It also provides clues on how to harness this pathway to fight cancer and alleviate a serious side effect of cancer immunotherapy.

"We were surprised to uncover the unexpected connection between these two major immune pathways that control health, immunity and inflammation," said senior author Dr. Gregory Sonnenberg, the Henry R. Erle, M.D.-Roberts Family Professor of Medicine, head of basic research in the Division of Gastroenterology & Hepatology and a member of the Jill Roberts Institute for Research in Inflammatory Bowel Disease at Weill Cornell Medicine. "Until now most research on CTLA-4 focused on T cells, another type of immune cell. By uncovering that it is selectively upregulated on ILC3s by IL-23, this demonstrates that we should be thinking about these pathways more broadly to develop more selective therapeutics."

When Inflammation is Out of Control

"IL-23 normally provides tissue protection in the gut, but something changes in chronic inflammatory diseases which makes IL-23 a key driver of tissue pathology, and that's what we decided to investigate," said the paper's lead author, postdoctoral researcher Dr. Anees Ahmed.




The investigators used single-cell RNA sequencing to study the effects of IL-23 on different types of immune cells in the healthy intestine. This analysis revealed that IL-23 in the healthy gut potently turns on the CTLA-4 pathway in ILC3s. They then showed that blocking the CTLA-4 pathway in those cells led to severe intestinal inflammation.

To see if their results applied to humans, the investigators turned to the Jill Roberts Institute Live Cell Bank, which includes deidentified samples from people with IBD as well as healthy individuals. "This unique resource enabled us to quickly confirm that our findings in mice were relevant to IBD patients," said Dr. Sonnenberg.

They then verified this finding in patients through collaboration with Dr. Robbyn Sockolow, professor of clinical pediatrics and chief of the Division of Pediatric Gastroenterology, Hepatology and Nutrition in the Department of Pediatrics at Weill Cornell Medicine and a pediatric gastroenterologist at NewYork-Presbyterian Komansky Children's Hospital and Center for Advanced Digestive Care.

With Dr. Sockolow, they found evidence that this novel immunologic pathway exists in the healthy human intestine and becomes impaired in the inflamed intestine of IBD patients. "This may provide a new explanation of why IL-23 becomes a driver of intestinal inflammation in human IBD," said Dr. Sockolow.

Implications for Cancer and Associated Immunotherapy

This study also suggests that this pathway may be harnessed to fight cancer and may explain why people receiving certain immunotherapy drugs often experience inflammation in the gut as a side effect. Immunotherapy drugs that block CTLA-4 are used to take the brakes off the immune system -- allowing it to fight cancer. These new results suggest that CTLA-4 on ILC3 cells and other related innate or innate-like lymphocytes should be considered in fighting cancer. Further, it suggests that blocking CTLA-4 on ILC3s may lead to severe gut inflammation which can cause patients to discontinue their cancer treatment.

Much more research is needed before these findings can be applied to new treatments. Dr. Ahmed said that eventually it may be possible to develop more targeted treatments that avoid ILC3s in the gut or simultaneously block IL-23. "In the future, we may be able to find ways to selectively block CTLA-4 or IL-23 in specific immune cells," he said. "If we could manage it, that could lead to a breakthrough in fighting cancer while protecting the gut from inflammation."

The findings could also have long-term applications in developing new treatments for a range of autoimmune diseases known to be mediated by IL-23. Drugs that target IL-23 already exist, and potentially we could make next-generation therapies that don't completely block IL-23 since it is still needed to fight infection but instead control the underlying mechanisms of IL-23-driven chronic inflammatory diseases, Dr. Sonnenberg said.
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To heal skin, scientists invent living bioelectronics | ScienceDaily
For much of his childhood, Simiao Niu was troubled by psoriasis, a chronic, often painful skin condition, mostly on his arms.


						
Sometimes, the prescribed ointment worked and treated the inflamed, red areas produced by the disease. But he was never sure if he was using enough, whether the skin irritation was healing and when he should stop treatment.

Years later, as an engineer on the team at Apple Inc. that devised the electronics in Apple watches monitoring heart rhythm, Niu had a revelation: Could a similar wearable electronic device be developed to treat skin ailments such as psoriasis and provide patients with continuous feedback?

Now, Niu, an assistant professor of biomedical engineering in the School of Engineering at Rutgers-New Brunswick, has played a crucial role in the development of the kind of device that he dreamed of: a unique prototype of what he and his research collaborators are calling a "living bioelectronic" designed to treat psoriasis.

Describing the advance in Science magazine, Niu and collaborators, including scientists at the University of Chicago led by Bozhi Tian and Columbia University, reported developing a patch -- a combination of advanced electronics, living cells and hydrogel -- that is showing efficacy in experiments in mice.

The patch represents not only a potential treatment for psoriasis, but a new technology platform to deliver treatments for medical needs as diverse as wounds and, potentially, various skin cancers, Niu said.

"We were looking for a new type of device that combines sensing and treatment for managing skin inflammation diseases like psoriasis," Niu said. "We found that by combining living bacteria, flexible electronics and adhesive skin interface materials, we were able to create a new type of device."

The circular patch is about 1 inch in diameter and wafer thin. The patch contains electronic chips, bacterial cells and a gel made from starch and gelatin. Tests in mice conducted by the research team showed that the device could continuously monitor and improve psoriasis-like symptoms without irritating skin.




The device, Niu said, is a leap forward from conventional bioelectronics, which are generally composed of electronic components that are encased in a soft synthetic layer that reduces irritation when in contact with the body. The patches placed on a patient's chest for an electrocardiogram are examples of conventional devices.

Niu's invention could be seen as a "living drug," he said, in that it incorporates living cells as part of its therapy. S. epidermidis, which lives on human skin and has been shown to reduce inflammation, is incorporated into the device's gel casing. A thin, flexible printed circuit forms the skeleton of the device.

When the device is placed on skin, the bacteria secrete compounds that reduce inflammation, while sensors in the flexible circuits monitor the skin for signals indicating healing, such as skin impedance, temperature and humidity. The data collected by the circuits is beamed wirelessly to a computer or a cell phone, a process that would allow patients to monitor their healing process.

During his years at Apple, before he joined Rutgers faculty in 2022, Niu and other engineers were forwarded hundreds of thank-you notes that had been sent to the chief executive's office. The customers wrote to credit their Apple watches with saving their lives, Niu said. The watches' built-in heart rate monitors pointed to a condition -- an arrhythmia known as atrial fibrillation -- the customers said they didn't know they had. Atrial fibrillation can lead to strokes if left untreated.

"When you produce the kinds of things that positively affect people's lives, you feel very proud," Niu said. "That is something that inspires me a lot and motivates me to do my current research."

Clinical trials to test the device on human patients must come next, Niu said, as the first step toward commercialization. Once there is evidence of positive results with minimum side effects, the inventors would apply for FDA approval in order to bring the device to market, Niu said.

Other authors of the study from Rutgers included Fuying Dong and Chi Han, two graduate students at the Department of Biomedical Engineering in the School of Engineering.
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Robot radiotherapy could improve treatments for eye disease | ScienceDaily
Researchers from King's, with doctors at King's College Hospital NHS Foundation Trust, have successfully used a new robot system to improve treatment for debilitating eye disease.


						
The custom-built robot was used to treat wet neovascular age-related macular degeneration (AMD), administering a one-off, minimally invasive dose of radiation, followed by patients' routine treatment with injections into their eye.

In the landmark trial, published today in The Lancet, it was found that patients then needed fewer injections to effectively control the disease, potentially saving around 1.8 million injections per year around the world.

Wet AMD is a debilitating eye disease, where abnormal new blood vessels grow into the macula, the light sensing-layer of cells inside the back of the eyeball. The vessels then start to leak blood and fluid, typically causing a rapid, permanent and severe loss of sight.

Globally, around 196 million people have AMD and the Royal College of Ophthalmologists estimates that the disease affects more than 700,000 people in the UK. The number of people with AMD is expected to increase 60% by 2035, due to the country's ageing population.

Wet AMD is currently treated with regular injections into the eye. Initially, treatment substantially improves a patient's vision. But, because the injections don't cure the disease, fluid will eventually start to build up again in the macula, and patients will require long-term, repeated injections. Most people require an injection around every 1-3 months, and eye injections, costing between PS500 and PS800 per injection, have become one of the most common NHS procedures.

The new treatment can be targeted far better than existing methods, aiming three beams of highly focused radiation into the diseased eye. Scientists found that patients having robotic radiotherapy required fewer injections to control their disease compared to standard treatment.




The study found that the robotically controlled device saves the NHS PS565 for each patient treated over the first two years, as it results in fewer injections.

The study lead and first author on the paper, Professor Timothy Jackson, King's College London and Consultant Ophthalmic Surgeon at King's College Hospital said: "Research has previously tried to find a better way to target radiotherapy to the macula, such as by repurposing devices used to treat brain tumours. But so far nothing has been sufficiently precise to target macular disease that may be less than 1 mm across.

"With this purpose-built robotic system, we can be incredibly precise, using overlapping beams of radiation to treat a very small lesion in the back of the eye.

"Patients generally accept that they need to have eye injections to help preserve their vision, but frequent hospital attendance and repeated eye injections isn't something they enjoy. By better stabilising the disease and reducing its activity, the new treatment could reduce the number of injections people need by about a quarter. Hopefully, this discovery will reduce the burden of treatment that patients have to endure."

Dr Helen Dakin, University Research Lecturer at the University of Oxford said: "We found that the savings from giving fewer injections are larger than the cost of robot-controlled radiotherapy. This new treatment can therefore save the NHS money that can be used to treat other patients, while controlling patients' AMD just as well as standard care."

The research was jointly funded by the National Institute for Health and Care Research (NIHR) and the Medical Research Council (MRC) and recruited 411 participants across 30 NHS hospitals. A Lancet-commissioned commentary that accompanied the article described it as a "landmark trial."

This study was led by researchers from King's College London and doctors at King's College Hospital NHS Foundation Trust, in collaboration with the University of Oxford, the University of Bristol and Queen's University in Belfast.
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Towards a new era in flexible piezoelectric sensors for both humans and robots | ScienceDaily
Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers from Japan tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in medicine, healthcare, and robotics.


						
The world is accelerating rapidly towards the intelligent era -- a stage in history marked by increased automation and interconnectivity by leveraging technologies such as artificial intelligence and robotics. As a sometimes-overlooked foundational requirement in this transformation, sensors represent an essential interface between humans, machines, and their environment.

However, now that robots are becoming more agile and wearable electronics are no longer confined to science fiction, traditional silicon-based sensors won't make the cut in many applications. Thus, flexible sensors, which provide better comfort and higher versatility, have become a very active area of study. Piezoelectric sensors are particularly important in this regard, as they can convert mechanical stress and stretching into an electrical signal. Despite numerous promising approaches, there remains a lack of environmentally sustainable methods for mass-producing flexible, high-performance piezoelectric sensors at a low cost.

Against this backdrop, a research team from Shinshu University, Japan, decided to step up to the challenge and improve flexible piezoelectric sensor design using a well-established manufacturing technique: electrospinning. Their latest study, which was led by Distinguished Professor Ick Soo Kim in association with Junpeng Xiong, Ling Wang, Mayakrishnan Gopiraman, and Jian Shi, was published on 2 May, 2024, in the journal Nature Communications.

The proposed flexible sensor design involves the stepwise electrospinning of a composite 2D nanofiber membrane. First, polyvinylidene fluoride (PVDF) nanofibers with diameters in the order of 200 nm are spun, forming a strong uniform network that acts as the base for the piezoelectric sensor. Then, ultrafine PVDF nanofibers with diameters smaller than 35 nm are spun onto the preexisting base. These fibers become automatically interweaved between the gaps of the base network, creating a particular 2D topology.

After characterization via experiments, simulations, and theoretical analyses, the researchers found that the resulting composite PVDF network had enhanced beta crystal orientation. By enhancing this polar phase, which is responsible for the piezoelectric effect observed in PVDF materials, the piezoelectric performance of the sensors was significantly improved. To increase the stability of the material further, the researchers introduced dopamine (DA) during the electrospinning process, which created a protective core-shell structure.

"Sensor fabricated from using PVDF/DA composite membranes exhibited superb performance, including a wide response range of 1.5-40 N, high sensitivity of 7.29 V/N to weak forces in the range of 0-4 N, and excellent operational durability," remarks Kim. These exceptional qualities were demonstrated practically using wearable sensors to measure a wide variety of human movements and actions. More specifically, the proposed sensors, when worn by a human, could produce an easily distinguishable voltage response to natural motions and physiological signals. This included finger tapping, knee and elbow bending, foot stamping, and even speaking and wrist pulses.

Given the potential low-cost mass production of these piezoelectric sensors, combined with their use of environmentally friendly organic materials instead of harmful inorganics, this study could have important technological implications not only for health monitoring and diagnostics, but also robotics. "Despite the current challenges, humanoid robots are poised to play an increasingly integral role in the very near future. For instance, the well-known Tesla robot 'Optimus' can already mimic human motions and walk like a human," muses Kim, "Considering high-tech sensors are currently being used to monitor robot motions, our proposed nanofiber-based superior piezoelectric sensors hold much potential not only for monitoring human movements, but also in the field of humanoid robotics."

To make the adoption of these sensors easier, the research team will be focusing on improving the material's electrical output properties so that flexible electronic components can be driven without the need for an external power source. Hopefully, further progress in this area will accelerate our stride towards the intelligent era, leading to more comfortable and sustainable lives.
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AI better detects prostate cancer on MRI than radiologists | ScienceDaily
AI detects prostate cancer more often than radiologists. Additionally, AI triggers false alarms half as often. This is shown by an international study coordinated by Radboud university medical center and published in The Lancet Oncology. This is the first large-scale study where an international team transparently evaluates and compares AI with radiologist assessments and clinical outcomes.


						
Radiologists face an increasing workload as men with a higher risk of prostate cancer now routinely receive a prostate MRI. Diagnosing prostate cancer with MRI requires significant expertise, and there is a shortage of experienced radiologists. AI can assist with these challenges.

AI expert Henkjan Huisman and radiologist Maarten de Rooij, project leaders of the PI-CAI study, organized a major competition between AI teams and radiologists with an international team. Along with other centers in the Netherlands and Norway, they provided over 10,000 MRI scans. They transparently determined for each patient whether prostate cancer was present. They allowed various groups worldwide to develop AI for analyzing these images. The top five submissions were combined into a super-algorithm for analyzing MRI scans for prostate cancer. Finally, AI assessments were compared to those of a group of radiologists on four hundred prostate MRI scans.

Accurate Diagnosis

The PI-CAI community brought together over two hundred AI teams and 62 radiologists from twenty countries. They compared the findings of AI and radiologists not only with each other but also with a gold standard, as they monitored the outcomes of the men from whom the scans originated. On average, the men were followed for five years.

This first international study on AI in prostate diagnostics shows that AI detects nearly seven percent more significant prostate cancers than the group of radiologists. Additionally, AI identifies suspicious areas, later found not to be cancer, fifty percent less often. This means the number of biopsies could be halved with the use of AI. If these results are replicated in follow-up studies, it could greatly assist radiologists and patients in the future. It could reduce radiologists' workload, provide more accurate diagnoses, and minimize unnecessary prostate biopsies. The developed AI still needs to be validated and is currently not yet available for patients in clinical settings.

Quality System

Huisman observes that society has little trust in AI. 'This is because manufacturers sometimes build AI that isn't good enough', he explains. He is working on two things. The first is a public and transparent test to fairly evaluate AI. The second is a quality management system, similar to what exists in the aviation industry. 'If planes almost collide, a safety committee will look at how to improve the system so that it doesn't happen in the future. I want the same for AI. I want to research and develop a system that learns from every mistake so that AI is monitored and can continue to improve. That way, we can build trust in AI for healthcare. Optimal, governed AI can help make healthcare better and more efficient.'
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Age is just a number: Immune cell 'epigenetic clock' ticks independently of organism lifespan | ScienceDaily
St. Jude researchers use epigenetic clock, DNA methylation and mouse model to demonstrate that T cell proliferation can stretch past organism lifespan and acuta lymphoblastic leukemia T cells appear hundreds of years old.


						
While most cell types experience a functional decline after years of proliferation and replication, T cells can proliferate seemingly indefinitely and without detriment. Scientists at St. Jude Children's Research Hospital and the University of Minnesota investigated the unique 'epigenetic clock' of T-cell aging, demonstrating that T cells can outlive an organism through at least four lifetimes. In addition, the researchers showed that healthy T cell age was uncoupled from the organism's chronologic age. Furthermore, they determined that malignant T cells from pediatric patients with T-cell acute lymphoblastic leukemia (T-ALL) appeared to have aged up to 200 years. The findings were published today in Nature Aging. 

As researchers explore the process of cellular aging through repeat replicative cycles of growth, some peculiar patterns have emerged regarding T cells. "The immune system by nature must mount a rapid proliferative response to a pathogen or a tumor," said co-corresponding author Ben Youngblood, PhD, St. Jude Department of Immunology. "And in some settings, such as endemic pathogens or chronic viral infections, this happens over and over again. That's a lot of proliferation that these T cells undergo in the lifespan of a human." This raised the question as to why, despite these accelerated rates of proliferation, this immune response doesn't trigger cancer development.

The answer lies in a T cell's unique ability to defy aging.

Epigenetic markers offer more accurate metrics for age

To study this phenomenon, the researchers made use of specific biomarkers known as epigenetic markers that accumulate over time. Like counting the rings on a tree stump in a forest, this 'epigenetic clock' tells a retrospective story about the life cycle of a cell independent of the organism itself. The accumulation of genetic mutations, the shortening of telomeres (the protective caps on chromosomes) and methylation patterns are currently regarded as the most accurate ways to interrogate the process of aging.

The researchers saw this as an ideal way to investigate the curious case of T-cell aging. "We started asking questions about what the hallmarks of aging are, specifically the epigenetic hallmarks, and how these can be applied to long-lived T cells," he said. "One of the big questions we had was whether these epigenetic clocks are bound by the lifespan of the organism or not."

Model shows T cells can outlive their origin organism




Through a collaboration with co-corresponding author David Masopust, PhD, University of Minnesota, the researchers found the perfect model to address their questions. This model used the same line of T cells through several mouse life cycles. "Dr. Masopust started this model assuming the cells would eventually decline, but they didn't, they just kept going," explains Youngblood. "This led to his foundational 10-year mouse study which we subsequently used to address whether organismal lifespan limits constrain epigenetic clocks."

Using this model and an epigenetic clock they developed for T cells, the researchers explored the DNA methylation patterns of T-cell lineage. They found that age is just a number, and death is not the end. "Humans don't live forever. But in this case, we could test that concept for T cells," Youngblood said. "Is there an end to an epigenetic clock? Does it plateau? And it didn't for up to four lifetimes, it just kept counting, which was incredible. These cells are not bound by the reasonable limits of organism lifespan."

Cancerous T cells appear hundreds of years old

Next, the researchers determined what happened under conditions of rapid and prolonged proliferation such as in cancer. The team interrogated the T cells of patients with pediatric T-ALL to investigate what happens to their epigenetic clock. "If epigenetic clocks were linked to the host's chronologic age, then you would expect the T cells from pediatric T-ALL patients to appear young in age," said co-corresponding author Caitlin Zebley, MD, PhD, St. Jude Department of Bone Marrow Transplantation & Cellular Therapy. "But our clock predicted these cells to be very old."

From an experiential perspective, the T cells of T-ALL patients appeared to range from 100 to 200 years old. "We think this was related to the fact that they were proliferating so rapidly," Zebley concluded. The T-ALL model offered invaluable insight into the aging process of leukemia cells. "We were able to use this as a subtraction model from all other programs in leukemia to identify ones that are associated with normal aging and proliferation versus ones that are distinct to leukemia," Youngblood said. "We gained a better idea of which epigenetic programs are associated with leukemia and which are just normal hyperproliferation and aging."

T-cell survival is vital to our survival

Considering how active our immune system is, T-cell survival is vital to our overall survival. "T-cells have so many opportunities to turn cancerous," Youngblood said, "But they can't, otherwise humanity wouldn't exist."




Youngblood, Zebley and Masopust are continuing to study the checks and balances that prevent T cells from undergoing malignant transformation. Through this work, potential therapies that halt, or even reverse, age-related impairments can begin to be considered.

Authors and funding

The study's first author is Tian Mi, St. Jude. The study's other authors are Shanta Alli, Tae Gun Kang, Anoop Babu Vasandan, Zhaoming Wang, Ilaria Iacobucci and Charles Mullighan, St. Jude; Andrew Soerens and Vaiva Vezys, University of Minnesota; Stephen Baylin, The Sidney Kimmel Comprehensive Cancer Institute at Johns Hopkins; Peter Jones, Van Andel Institute; and Christopher Hiner, April Mueller, and Harris Goldstein, Albert Einstein College of Medicine.

The study was supported by grants from the National Institutes of Health (R01AI114442, R01CA237311, U01AI144616, R01AI084913, R01AI146032, R01CA238439, R01AI172607, R01AI145024, K08CA279926), the National Comprehensive Cancer Network, Alex's Lemonade Stand Foundation, Stand Up to Cancer, the ASSISI Foundation, the Key for a Cure Foundation and ALSAC, the fundraising and awareness organization of St. Jude.
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Site new care homes near trees and away from busy roads to protect residents' lungs | ScienceDaily
To shield older residents from dangerous air pollution, new care homes should be built as far from heavy traffic as possible, according to a new study from the University of Surrey.


						
Researchers also found that trees planted between the homes and the road could significantly mitigate the impact of air pollution.

Professor Prashant Kumar, Director of Surrey's Global Centre for Clean Air Research (GCARE), said:

"Older adults in care settings can be especially vulnerable to poor quality air. Our study confirms that building care homes next to busy roads without adequate tree planting can significantly increase their exposure to deadly fine particle pollution.

"We hope planners will be able to use our findings to make sure care homes are built in safer locations -- striking the right balance between the convenience of urban living and better air quality."

Researchers studied three care homes in the Chinese city of Nanjing. They measured fine particle pollution (PM2.5) at various locations in and around the care homes.

They found that the amount of pollution inside the care home decreased exponentially, the further it was from the road.




Huaiwen Wu, a researcher at GCARE, said:

"Our study gives so many useful insights into where to build new care homes.

"For instance, there was a significant relationship between outdoor and indoor pollution. This tells us that bedrooms should be kept on the far side of the building where possible."

Professor Shi-Jie Cao, Visiting Professor at GCARE and Professor at the Southeast University, China, said:

"We also saw how pollution was highest during rush hour. Concentrations were higher during spells of lighter winds, and during colder seasons when more people are heating their homes.

"As such, care homes near busy roads could keep their windows closed more during those periods -- then open them afterwards to mitigate the accumulation of emissions."

The study is published in the journal Atmospheric Environment. 
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Nasal microbiota is potential diagnostic biomarker for sepsis | ScienceDaily
The nasal microbiota of intensive care unit (ICU) patients effectively distinguishes sepsis from non-septic cases and outperforms analyzing the gut microbiota to predict sepsis, according to a new study published in Microbiology Spectrum, a journal of the American Society for Microbiology.


						
"These findings have implications for the development of diagnostic strategies and advancements in critical care medicine," said corresponding study author Xiaolong He, M.D., Ph.D., a professor at the Microbiome Medicine Center, Department of Laboratory Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, Guangdong, China. "In the past, we have paid more attention to the intestinal microbiota of sepsis patients, and the respiratory microbiota also deserves our attention."

Sepsis is a severe illness with a high mortality rate between 29.9% to 57.5%. Despite the establishment of the third international consensus definition of sepsis and septic shock (Sepsis-3) in 2016, there are still many aspects of sepsis that warrant further exploration to improve its diagnosis. The evolution of the diagnostic criteria from Sepsis-1 to Sepsis-3 shows the need for continued investigation. Additionally, sepsis diagnostic criteria have shifted from focusing solely on the inflammatory response to also including organ failure caused by infection. While considerable progress has been made in the diagnosis of sepsis, no biological indicators with strong sensitivity and specificity have been identified. Furthermore, the low culture positivity rate and the presence of few culturable microorganisms limit the diagnosis of clinical sepsis. Therefore, the identification of a new, effective and reliable biomarker for sepsis has been a goal of researchers.

In the new study, researchers recruited 157 subjects (89 with sepsis) of both sexes at the affiliated hospital of Southern Medical University. They collected nasal swabs and fecal specimens from septic and non-septic patients in the ICU and Department of Respiratory and Critical Care Medicine. The scientists extracted and sequenced DNA using Illumina technology. Bioinformatics analysis, statistical processing, and machine learning techniques were used to differentiate between septic and non-septic patients.

He and colleagues discovered that nasal microbiota of septic patients exhibited significantly lower community richness (P=0.002) and distinct compositions (P=0.001) compared to non-septic patients. Corynebacterium, Staphylococcus, Acinetobacter and Pseudomonas were identified as enriched genera in the nasal microbiota of septic patients.

"Looking forward, we suggest the potential for further research, possibly through animal models or larger patient cohorts, to deepen our understanding of microbiota's role in sepsis beyond the antibiotic effect," He said.
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Boosting CAR-T cell therapies from under the skin | ScienceDaily
CAR-T cell therapies are transforming the treatment of previously incurable blood cancers. Six approved CAR-T products have been administered to more than 20,000 people, and more than 500 clinical trials are underway. However, according to a recent study out of the Massachusetts General Hospital, among 100 patients suffering from lymphomas, myelomas or B-cell acute lymphoblastic leukemias that were treated with CAR-T cell therapies, 24% only had partial responses, and 20% were not responsive at all -- and these are typical success rates for patients treated with CAR-T therapies.


						
CAR-T cells are created from a patient's own immune T cells by introducing so-called "chimeric antigen receptors" (CARs) to their molecular repertoires that enable them to seek out and kill specific cancer cells. Following their laborious and costly engineering and amplification outside the body, they are re-administered to the same patient as a living therapeutic.

Oncological researchers suspect that disappointing treatment results can be the result of several circumstances, including poor quality of the CAR-T cell products that are administered to patients, or the CAR-T cells not persisting sufficiently long in patients or becoming exhausted in their tumor-fighting abilities. New therapeutic strategies are urgently needed that can help overcome these shortcomings and further boost the quality and efficacy of CAR-T cells during their manufacturing or even in the patients' bodies.

Now, a research team at the Wyss Institute for Biologically Inspired Engineering at Harvard University and Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) has developed a simple intervention in the form of a biodegradable scaffold material that can be locally injected under the skin and used to restimulate CAR-T cells after their administration to increase their therapeutic efficacy. In mice that developed an aggressive blood tumor and were treated with a non-curative dose of CAR-T cells, the team's "T-cell enhancing scaffolds" (TES) significantly curbed tumor growth and prolonged the animals' survival. The improved therapeutic efficacy of the CAR-T cells was due to TES' ability to increase the numbers of CAR-T cells in the blood circulation, as well as steer their differentiation into tumor-killing subtypes of T cells. The findings are published in Nature Biomedical Engineering.

"Although our strategy needs to be translated to human needs and settings, it potentially offers a safe, and simple avenue on which to further improve CAR-T cell therapies in patients with poor responses," said Wyss Founding Core Faculty member David Mooney, Ph.D., who led the study. "It also could have future potential to simplify the extremely arduous and expensive manufacturing of CAR-T cell by transferring part of the process into patients' bodies." Mooney is also the Robert P. Pinkas Family Professor of Bioengineering at SEAS.

A number of CAR-T cell-stimulating approaches have been developed that, besides introducing CAR receptors, made other genetic modifications to patients' T cells to better maintain their therapeutic efficacies (cell-intrinsic) or that, inspired by vaccines, target other parts of the immune system to support CAR-T cells in their tumor cell attack (cell-extrinsic). However, most of them involve new challenges, including even more complex cell manipulations during CAR-T cell manufacturing and control of the resulting cells' behavior in the case of cell-intrinsic methods, or unintended side-effects in the body in the case of cell-extrinsic methods.

Creating a pseudo-lymph node under the skin

"Previously, our team had designed biomaterial scaffolds that enabled the expansion of T-cells for immunotherapies in a culture dish by mimicking antigen-presenting cells (APCs), which normally reprogram T-cells in lymph nodes by presenting tumor antigens to them. We hypothesized that this basic concept could also be applied to potently stimulate CAR-T cells in the body -- TES could essentially function as pseudo-lymph nodes," said co-first author David Zhang, who obtained his Ph.D. working in Mooney's group.




TES biomaterial scaffolds consist of tiny biodegradable mesoporous silica rods (MSRs) that self-assemble into a 3D, cell-permeable scaffold structures when injected under the skin, and connect themselves to the blood circulation via small blood vessels. TES are loaded with a soluble molecule known as interleukin-2 (IL-2), which is continuously released and stimulates the multiplication of T cells entering the TES from the blood circulation. In addition, the MSRs are coated with a double layer of lipids that mimics the outer cell membrane of an APC a T-cell would encounter in a lymph node. This lipid layer presents two antibody molecules, anti-CD3 and anti-CD28, to the T-cell receptor on the surface of T cells in a way similar to how APC-presented tumor antigens normally stimulate the receptors. This then induces the CAR-T cells to increase their numbers and differentiate into tumor-killing subtypes of T cells.

First, the researchers determined optimal anti-CD3:anti-CD28 antibody ratios and quantities in TES that helped recruit maximum numbers of cultured CAR-T cells and induce them to become "effector T-cells" with tumor cell-killing potential. When injected under the skin of mice, TES connected themselves with the animals' vasculature and remained traceable as vascularized nodules for more than three weeks. More than 60% of the cells permeating their porous network were neutrophils, a type of white blood cell that acts as the immune system's first line of defense, while a much smaller but significant proportion consisted of T cells that usually are part of delayed and much more target-specific tumor cell (or pathogen)-directed immune defenses.

The researchers think that "by causing some minor inflammation, TES scaffolds stimulate their vascularization and help attract certain classes of immune cells, which would add to the immune cells traveling passively through TES," said co-first Joshua Brockman, Ph.D., who was a Postdoctoral Fellow on Mooney's team and now is an Assistant Professor at the University of Wisconsin-Madison. "By removing the injected scaffolds again at different time points, culturing them with CAR-T cells, and measuring the cells' activation level, we were able to conclude that TES could stimulate CAR-T cells for at least seven days following their injection."

TESting in tumors

To test TES' potential as therapy boosters, the team used a clinically-relevant mouse model of human Burkitt's lymphoma, a blood cancer caused by B-cells becoming cancerous and impacting many organs. They first administered human lymphoma cells to the mice and then gave them a curative dose of CAR-T cells developed against this tumor before injecting TES under the skin of the animals. Importantly, TES that contained the full complement of IL-2, anti-CD3 and anti-CD28 factors, increased the numbers of circulating CAR-T cells more than five-fold over blank TES lacking the three factors, and more CAR-T cells had acquired a tumor cell-killing potential. When lower doses of CAR-T cells that were not sufficient to cure the cancer (subcurative doses) were used in otherwise the same settings, CAR-T cells multiplied even more.

"TES took up CAR-T cells into their porous structure, where they boosted their proliferation, activation, and differentiation, and eventually their exit into the blood stream to carry out their tumor-killing functions," summarized Zhang. "And, importantly, while lymphoma-bearing animals that received subcurative doses of CAR-T cells and blank TES succumbed quickly to the spreading cancer, animals injected with CAR-T cells plus fully functional TES survived for much longer."

Brockman added that "this aggressive lymphoma mouse model was an ideal tool to provide proof-of-concept. However, it corresponds to a cancer patient at late stages of the disease whose treatment requires a lot of cytotoxic T cell potential. In translating TES further toward human patients, even longer-lasting and more balanced approaches might be called for that also enhance the CAR-T cells' memory of tumors."




"This study by Dave Mooney's group demonstrates the power of using engineering to mimic multicellular interactions that are central to our immune system's ability to fight off cancers. This technology could go a long way in changing the lives of many cancer patients receiving CAR-T therapies who are not yet benefitting from them," said Wyss Founding Director Donald Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at Harvard Medical School and Boston Children's Hospital, and the Hansjorg Wyss Professor of Bioinspired Engineering at SEAS.

Other authors on the study are Kwasi Adu-Berchie, Yutong Liu, Yoav Binenbaum, Irene de Lazaro, Miguel Sobral, and Rea Tresa. The study was funded by the Wyss Institute at Harvard University, Food and Drug Administration (under award# 5F01FD006589), and National Institutes of Health (under award# 1R01EB015498, #R01 CA276459, and U01CA214369).
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An AI-powered wearable system tracks the 3D movement of smart pills in the gut | ScienceDaily
Scientists at the University of Southern California have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings. This work appears June 12 in the journal Cell Reports Physical Science.


						
"Ingestibles are like Fitbits for the gut," says author Yasser Khan, assistant professor of electrical and computer engineering at the University of Southern California. "But tracking them once swallowed has been a significant challenge."

Gas that is formed in the intestines when bacteria break down food can offer insights into a person's health. Currently, to measure GI tract gases, physicians either use direct methods such as flatus collection and intestinal tube collection, or indirect methods such as breath testing and stool analysis. Ingestible capsules -- devices that a user swallows -- offer a promising alternative, but no such technologies have been developed for precise gas sensing.

To tackle this problem, Khan and colleagues developed a system that includes a wearable coil, which the user can conceal under a t-shirt or other clothing. The coil creates a magnetic field, which interacts with sensors embedded in an ingestible pill after it has been swallowed. AI analyzes the signals the pill receives, pinpointing where the device is located in the gut within less than a few millimeters. In addition, the system monitors 3D real-time concentrations of ammonia, a proxy for a bacteria linked with ulcers and gastric cancer, via the device's optical gas-sensing membranes.

While previous attempts to track ingestibles as they journey through the gut have relied on bulky desktop coils, the wearable coil can be used anywhere, says Khan. The technology may also have other applications beyond measuring GI tract gases, such as identifying inflammation in the gut caused by Crohn's disease and delivering drugs to precisely these regions.

The researchers tested the system's performance in a variety of mediums that mimic the GI tract, including a simulated cow intestine and liquids designed to replicate stomach and intestinal fluids.

"During these tests, the device demonstrated its ability to pinpoint its location and measure levels of oxygen and ammonia gases," says Khan. "Any ingestible device can utilize the technology we've developed."

However, there are still improvements to be made to the device, says Khan, such as designing it to be smaller and to use less power. Next, as they continue to hone the device, Khan and colleagues plan to test it in pigs in order to study its safety and effectiveness in an organism with human-like biology.

"Successful outcomes from these trials will bring the device nearer to readiness for human clinical trials," says Khan. "We are optimistic about the practicality of the system and believe it will soon be applicable for use in humans."
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Study shows role of fathers in seeding the microbiota of newborns and confirms benefits of maternal fecal microbiota transplants | ScienceDaily
A mother's contribution to the makeup of a newborn baby's microbiota has been well documented. Now a new paper published June 12 in Cell Host & Microbe shows the important contributions that fathers make to the composition of microorganisms colonizing a baby's gut as well. Furthermore, the study confirmed that maternal fecal microbiota transfer (FMT) in babies born by caesarean section can help to correct the microbiota disturbances often observed in babies who are not born vaginally.


						
Fetuses have sterile gastrointestinal tracts, and babies' bodies are colonized during and shortly after birth. About half of the strains found in infants' bodies can be traced to the maternal gut. This led the researchers to hypothesize that other people who have close contact with the infant could contribute to the rest, providing a stable source of microbial strains associated with good health.

"This study provides significant insight into how a newborn is colonized," says lead author Willem M. de Vos, of Wageningen University and the University of Helsinki. "The role of the father may be small, but it is not to be neglected. It is likely that the same holds for others who have close contact with the newborn."

"We are very happy to have found this connection," says co-author Nicola Segata of the University of Trento in Italy. "This highlights the importance of studying other microbial contributions as well, such as those from siblings and from daycare peers." Segata's group provided computational analysis, while de Vos's group designed the study.

Inspired by his own experiences as a parent, for many years de Vos has studied the microbiota of infants and how babies' gastrointestinal tracts become colonized after birth. In October 2020, he and colleagues published a proof-of-concept study in Cellthat confirmed exposing caesarian-born newborns to their mother's microbiota just after birth was both safe and effective at giving the babies a microbial makeup that looks more similar to babies born vaginally. The babies were fed a small amount of their mothers' fecal microbiota shortly after birth.

This new paper provides follow-up data on that study as well as new research looking at the contributions of fathers to infants' microbial makeups. The authors say that because caesarian births now account for about one-quarter of births worldwide, there should be an increased focus on creating a healthy balance of gut microbiota in these infants.

The investigators performed metagenomic analysis of fecal samples from newborns and their parents. They looked for the presence of a wide range of bacterial strains over time. For the babies who were part of the earlier study, they confirmed through follow-up analysis that maternal FMT reduced the levels of potential pathogenetic bacterial strains significantly for up to a year.




For the newer study, they compared the fecal microbiomes of 73 infants; 21 were born by caesarian section and 52 were born vaginally. They longitudinally collected samples for over a year and compared the microbiota of the babies to those of both their mothers and fathers. The researchers discovered that many of the strains found in the babies at 3 weeks, 3 months, and 12 months originated in the father, not in the mother. These include Bifidobacterium longum strains, which are known to utilize mother's milk oligosaccharides but counterintuitively may originate from the father rather than the mother.

"Knowing that the father substantially contributes to a baby's developing microbiome underlies the important role of physical and social interactions between the newborn and their father, as well as with other family members," Segata says. "We hope this study will help to create awareness of those important contributions."

The investigators in Helsinki have completed another maternal FMT trial, this one a double-blind placebo-controlled trial in babies born by caesarian (trial NCT04173208). They are now conducting long-term follow-up with those infants, studying not only the microbiome but many other health and immune functions.

Another study also published June 12 in Cell Host & Microbe by some of the same authors shows that where an infant is born -- whether at home or at a hospital -- affects transmission of gut microbiota as well. Birth location affects the timing of transmission, except for Bifidobacterium longum, which are transmitted consistently regardless of the setting.

This work was supported by the Netherlands Organization for Scientific Research, Business Finland, the Academy of Finland, the European Research Council, EMBO, the European H2020 programme, the National Cancer Institute of the National Institutes of Health, and the Premio Internazionale Lombardia e Ricerca 2019.
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AI-powered simulation training improves human performance in robotic exoskeletons | ScienceDaily
Researchers at North Carolina State University have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.


						
"This work proposes and demonstrates a new machine-learning framework that bridges the gap between simulation and reality to autonomously control wearable robots to improve mobility and health of humans," says Hao Su, corresponding author of a paper on the work which will be published June 12 in the journal Nature.

"Exoskeletons have enormous potential to improve human locomotive performance," says Su, who is an associate professor of mechanical and aerospace engineering at North Carolina State University. "However, their development and broad dissemination are limited by the requirement for lengthy human tests and handcrafted control laws.

"The key idea here is that the embodied AI in a portable exoskeleton is learning how to help people walk, run or climb in a computer simulation, without requiring any experiments," says Su.

Specifically, the researchers focused on improving autonomous control of embodied AI systems -- which are systems where an AI program is integrated into a physical robot technology. This work focused on teaching robotic exoskeletons how to assist able-bodied people with various movements. Normally, users have to spend hours "training" an exoskeleton so that the technology knows how much force is needed -- and when to apply that force -- to help users walk, run or climb stairs. The new method allows users to utilize the exoskeletons immediately.

"This work is essentially making science fiction reality -- allowing people to burn less energy while conducting a variety of tasks," says Su.

"We have developed a way to train and control wearable robots to directly benefit humans," says Shuzhen Luo, first author of the paper and a former postdoctoral researcher at NC State. Luo is now an assistant professor at Embry-Riddle Aeronautical University.




For example, in testing with human subjects, the researchers found that study participants used 24.3% less metabolic energy when walking in the robotic exoskeleton than without the exoskeleton. Participants used 13.1% less energy when running in the exoskeleton, and 15.4% less energy when climbing stairs.

"It's important to note that these energy reductions are comparing the performance of the robotic exoskeleton to that of a user who is not wearing an exoskeleton," Su says. "That means it's a true measure of how much energy the exoskeleton saves."

While this study focused on the researchers' work with able-bodied people, the new method also applies to robotic exoskeleton applications aimed at helping people with mobility impairments.

"Our framework may offer a generalizable and scalable strategy for the rapid development and widespread adoption of a variety of assistive robots for both able-bodied and mobility-impaired individuals," Su says.

"We are in the early stages of testing the new method's performance in robotic exoskeletons being used by older adults and people with neurological conditions, such as cerebral palsy. And we are also interested in exploring how the method could improve the performance of robotic prosthetic devices for amputee populations."

This research was done with support from the National Science Foundation under awards 1944655 and 2026622; the National Institute on Disability, Independent Living, and Rehabilitation Research, under award 90DPGE0019 and Switzer Research Fellowship SFGE22000372; and the National Institutes of Health, under award 1R01EB035404.

Shuzhen Luo and Hao Su are co-inventors on intellectual property related to the controller discussed in this work. Su is also a co-founder of, and has a financial interest in, Picasso Intelligence, LLC, which develops exoskeletons.
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New technique reveals earliest signs of genetic mutations | ScienceDaily
Mutations are changes in the molecular "letters" that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.


						
The study authors say their technique -- HiDEF-seq, short for Hairpin Duplex Enhanced Fidelity Sequencing -- could advance our understanding of the basic causes of mutations, in both healthy cells and in cancer, and how genetic changes naturally accumulate in human cells as people age.

Led by a team of researchers at NYU Langone Health, with collaborators across North America and in Denmark, the work helps to resolve the earliest steps in how mutations occur in DNA.

The new study is based on the understanding that DNA is made up of two strands of molecular letters, or bases. Each strand is composed of four types of letters: adenine (A), thymine (T), guanine (G), and cytosine (C). The bases of each strand pair with bases in the other strand in a specific pattern, with As pairing with Ts and Gs pairing with Cs. This allows the DNA code to be replicated and passed down accurately from one generation of cells to the next. Importantly, mutations are changes in the DNA code that are present in both strands of DNA. For example, a base pair of G and C, with a G on one strand paired with a C on the other strand, can mutate to an A and T base pair.

However, researchers say, most mutations have their origins in DNA changes that are present in only one of the two DNA strands, and these single-strand changes, such as a mismatched G and T base pair, cannot be accurately identified using previous testing techniques. These changes can occur when a DNA strand is not copied correctly during replication, as a cell divides into two cells, or when one of the two DNA strands is damaged by heat or by other chemicals in the body. If these single-strand DNA changes are not repaired by the cell, then the changes are at risk of becoming permanent double-strand mutations.

Publishing in the journal Nature online June 12, the HiDEF-seq technique was shown to detect double-strand mutations with extremely high accuracy, with an estimate of one recording error per 100 trillion base pairs analyzed. Moreover, HiDEF-seq detected changes in the DNA letter code while they were present on just one of the two strands of DNA, before they become permanent double-strand mutations.

"Our new HiDEF-seq sequencing technique allows us to see the earliest fingerprints of molecular changes in DNA when the changes are only in single strands of DNA," said senior study author Gilad Evrony, MD, PhD, a core member of the Center for Human Genetics & Genomics at NYU Grossman School of Medicine.




Because people with genetic syndromes linked to cancer are known to have higher rates of mutations in their cells than cells in people with no cancer predisposition, researchers began their experiments by describing the DNA changes in healthy cells from people with these syndromes. Specifically, investigators worked with healthy cells from people with polymerase proofreading-associated polyposis (PPAP), a hereditary condition linked to an increased risk for colorectal cancer, and congenital mismatch repair deficiency (CMMRD), another hereditary condition that increases the likelihood of several cancers in children.

Using HiDEF-seq, researchers found a higher number of single-strand DNA changes in their cells, such as a T paired with a C in place of the original G paired with a C, than in the cells from people who did not have either syndrome. Moreover, the pattern of these single-strand changes was similar to the pattern observed in the double-strand DNA mutations for people with either syndrome.

Subsequent experiments were performed in human sperm, which are known to have among the lowest double-strand mutation rates of any human cell type. Researchers found that the pattern of chemical damage, called cytosine deamination, observed by HiDEF-seq in single stands of DNA in sperm, closely matched the damage observed in blood DNA intentionally damaged by heat. This, the researchers say, suggests that the two patterns of chemical damage to DNA, one natural and the other induced, occur through a similar process.

"Our study lays the foundation for using the HiDEF-seq technique in future experiments to transform our understanding of how DNA damage and mutations arise," said Evrony, who is also an assistant professor in the Department of Pediatrics and the Department of Neuroscience and Physiology at NYU Grossman School of Medicine. Single-strand changes in DNA occur continually as cells divide and multiply, and while layers of repair mechanisms fix most changes, some get through and become mutations.

"Our long-term goal is to use HiDEF-seq to create a comprehensive catalogue of single-strand DNA mismatch and damage patterns that will help explain the known double-strand mutation patterns," said Evrony. "In the future, we hope to combine profiling of single-strand DNA lesions, as obtained from HiDEF-seq, with the lesions' resulting double-strand mutations to better understand and monitor the everyday effects on DNA from environmental exposures."

Geneticists estimate that there are approximately 12 billion bases or individual DNA letters that can be damaged or mismatched in each human cell, as there are two copies of the genetic code, with one copy inherited from each parent. Each of these copies comprisea double-stranded DNA spanning 3 billion base pairs. Evrony says that every base position in the genetic code is likely damaged or mutated at some point during an individual's lifetime in at least some cells.




Funding for the study was provided by National Institutes of Health grants UG3NS132024, R21HD105910, DP5OD028158, T32AG052909, F32AG076287, and P30CA016087. Additional funding support was provided by the Sontag Foundation, the Pew Foundation, and the Jacob Goldfield Foundation.

Evrony and NYU have a patent application pending on the HiDEF-seq method.

Evrony owns equity in DNA-sequencing companies Illumina, Pacific Biosciences, and Oxford Nanopore Technologies, some of whose products were adapted for use in this study. All of these arrangements are being managed in accordance with the policies and practices of NYU Langone Health.

Besides Evrony, other NYU Langone researchers involved in this study are co-lead authors Mei-Hong Liu and Benjamin Costa, and co-authors Emilia Bianchini, Una Choi, Rachel Bandler, Marta Gronska-Peski, Adam Schwing, Zachary Murphy, Caitlin Loh, and Tina Truong. Other study co-investigators include Emilie Lassen, Daniel Rosenkjaer, Anne-Bine Skytte, at the Cryos International Sperm and Egg Bank in Copenhagen, Denmark; Shany Picciotto and Jonathan Shoag, at Case Western Reserve University in Cleveland, Ohio; Vanessa Bianchi, Lucie Stengs, Melissa Edwards, Nuno Miguel Nunes, and Uri Tabori, at The Hospital for Sick Children in Toronto, Canada; Randall Brand, at the University of Pittsburgh in Pennsylvania; Tomi Pastinen, at Children's Mercy Kansas City in Missouri; and Richard Wagner, at the Universite de Sherbrooke in Canada.
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Origin and spread of malaria | ScienceDaily
Malaria, one of the world's deadliest infectious diseases, is caused by several species of single-celled parasites that are transmitted via the bite of infected Anopheles mosquitoes. Despite major control and eradication efforts, nearly half of the world's population still lives in regions where they are at risk of contracting malaria, and the World Health Organization estimates that malaria causes nearly 250 million infections and more than 600,000 deaths each year.


						
Beyond this massive modern impact, malaria has strongly shaped our human evolutionary history. "Although largely a tropical disease today, only a century ago the pathogen's range covered half the world's land surface, including parts of the northern USA, southern Canada, Scandinavia, and Siberia," says lead author Megan Michel, a doctoral researcher at the Max Planck-Harvard Research Center for the a research collaboration between the Max Planck Institute for Evolutionary Anthropology (MPI-EVA) and the Initiative for the Science of the Human Past at Harvard University. "Malaria's legacy is written in our very genomes: genetic variants responsible for devastating blood disorders such as sickle cell disease are thought to persist in human populations because they confer partial resistance to malaria infection."

Despite this evolutionary impact, the origins and spread of the two deadliest species of malaria parasites, Plasmodium falciparum and Plasmodium vivax, remain shrouded in mystery. Malaria infections leave no clear visible traces in human skeletal remains, and scant references in historical texts can be difficult to decipher. However, recent advances in the ancient DNA field have revealed that human teeth can preserve traces of pathogens present in a person's blood at the time of death, providing an opportunity to study illnesses that are normally invisible in the archaeological record.

To explore malaria's enigmatic history, an international team of researchers representing 80 institutions and 21 countries reconstructed ancient Plasmodium genome-wide data from 36 malaria-infected individuals spanning 5,500 years of human history on five continents. These ancient malaria cases provide an unprecedented opportunity to reconstruct the worldwide spread of malaria and its historical impact at global, regional, and even individual scales.

Following biomolecular breadcrumbs in the Americas

Malaria is endemic in tropical regions of the Americas today, and scientists have long debated whether P. vivax, a malaria species adapted to survive in temperate climates, may have arrived via the Bering Strait with the peopling of the continent or traveled in the wake of European colonization. To track the parasites' journey into the Americas, the team analyzed ancientDNA from a malaria-infected individual from Laguna de los Condores, a high-altitude site situated in the remote cloud forests of the eastern Peruvian Andes. Genomic analysis revealed remarkable similarity between the Laguna de los Condores P. vivax strain and ancient European P. vivax, strongly suggesting that European colonizers spread this species to the Americas within the first century or so after contact. "Amplified by the effects of warfare, enslavement, and population displacement, infectious diseases, including malaria, devastated Indigenous peoples of the Americas during the colonial period, with mortality rates as high as 90 percent in some places," says coauthor Evelyn Guevara, a postdoctoral researcher at the University of Helsinki and the MPI-EVA.

Remarkably, the team also uncovered genetic links between the Laguna de los Condores strain and modern Peruvian P. vivax populations 400 to 500 years later. "In addition to showing that malaria spread rapidly into what is a relatively remote region today, our data suggest that the pathogen thrived there, establishing an endemic focus and giving rise to parasites that are still infecting people in Peru today," says co-author Eirini Skourtanioti, postdoctoral researcher at MPI-EVA and MHAAM.




Malaria on the march in Europe

While the role of colonialism in the spread of malaria is evident in the Americas, the team uncovered military activities that shaped the regional spread of malaria on the other side of the Atlantic. The cemetery at the Gothic cathedral of St. Rombout's in Mechelen, Belgium was located adjacent to the first permanent military hospital (1567-1715 CE) in early modern Europe. Ancient human and pathogen DNA identified local cases of P. vivax among the general population buried before the construction of the military hospital, while individuals buried after its construction included cases of the more virulent P. falciparum malaria. "Most interestingly, we observe more cases of malaria in non-local male individuals from the military hospital period," explains co-author Federica Pierini, postdoctoral researcher at the MPI-EVA. "We also identified several individuals infected with P. falciparum, a species that thrived in Mediterranean climates before eradication but was not thought to be endemic north of the Alps during this period."

These virulent cases were found in non-local male individuals of diverse Mediterranean origins, who were likely soldiers recruited from northern Italy, Spain, and other Mediterranean regions to fight in the Hapsburg Army of Flanders during the 80 Years' War. "We find that the large-scale troop movements played an important role in the spread of malaria during this period, similar to cases of so-called airport malaria in temperate Europe today," explains Alexander Herbig, Group Leader of Computational Pathogenomics at the MPI-EVA. "In our globalized world, infected travelers carry Plasmodium parasites back to regions where malaria is now eradicated, and mosquitoes capable of transmitting these parasites can even lead to cases of ongoing local transmission. Although the landscape of malaria infection in Europe is radically different today than it was 500 years ago, we see parallels in the ways in which human mobility shapes malaria risk."

Himalayan trade and a surprising high-altitude infection

On the other side of the world, the team unexpectedly identified the earliest known case of P. falciparum malaria at the high Himalayan site of Chokhopani (ca. 800 BCE), located along the Kali Gandaki River Valley in the Mustang District of Nepal. At 2800 meters above sea level, the site lies far outside the habitat range for both the malaria parasite and the Anopheles mosquito. "The region surrounding Chokhopani is cold and quite dry," said co-author Christina Warinner, Associate Professor of Anthropology at Harvard University and Group Leader at the MPI-EVA. "Neither the parasite nor the mosquitoes capable of transmitting malaria can survive at this altitude. For us this raised a key question: how did the Chokhopani individual acquire the malaria infection that may have ultimately led to his death?"

Human genetic analysis revealed that the infected individual was a local male with genetic adaptations for life at high altitude. However, archaeological evidence at Chokhopani and other nearby sites suggests that these Himalayan populations were actively engaged in long-distance trade. "We think of these regions today as remote and inaccessible, but in fact the Kali Gandaki River Valley served as a kind of trans-Himalayan highway connecting people on the Tibetan Plateau with the Indian subcontinent," says co-author Mark Aldenderfer, Distinguished Professor Emeritus at the University of California, Merced, whose excavations in the region have revealed its long-distance trade connections. "Copper artifacts recovered from Chokhopani's burial chambers prove that the ancient inhabitants of Mustang were part of larger exchange networks that included northern India, and you don't have to travel very far to reach the low-lying, poorly drained regions of the Nepalese and Indian Terai where malaria is endemic today." The team believes that the man likely traveled to a lower-altitude malaria-endemic region, possibly for trade or other purposes, before returning or being brought back to Chokhopani, where he was later buried. The intimate details revealed by ancient DNA give clues to the myriad ways that infectious diseases like malaria spread in the past, giving rise to our current disease landscape.

Past and future of a dynamic disease

Today, the human experience of malaria is at a crossroads. Thanks to advances in mosquito control and concerted public health campaigns, malaria deaths reached an all-time low in the 2010s. However, the emergence of antimalarial drug-resistant parasites and insecticide-resistant vectors threatens to reverse decades of progress, while climate change and environmental destruction are making new regions vulnerable to malaria vector species. The team hopes that ancient DNA may provide an additional tool for understanding and even combating this public health threat.

"For the first time, we are able to explore the ancient diversity of parasites from regions like Europe, where malaria is now eradicated," says senior author Johannes Krause, Director of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology. "We see how mobility and population displacement spread malaria in the past, just as modern globalization makes malaria-free countries and regions vulnerable to reintroduction today. We hope that studying ancient diseases like malaria will provide a new window into understanding these organisms that continue to shape the world we live in today."
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Just thinking about a location activates mental maps in the brain | ScienceDaily
As you travel your usual route to work or the grocery store, your brain engages cognitive maps stored in your hippocampus and entorhinal cortex. These maps store information about paths you have taken and locations you have been to before, so you can navigate whenever you go there.


						
New research from MIT has found that such mental maps also are created and activated when you merely think about sequences of experiences, in the absence of any physical movement or sensory input. In an animal study, the researchers found that the entorhinal cortex harbors a cognitive map of what animals experience while they use a joystick to browse through a sequence of images. These cognitive maps are then activated when thinking about these sequences, even when the images are not visible.

This is the first study to show the cellular basis of mental simulation and imagination in a nonspatial domain through activation of a cognitive map in the entorhinal cortex.

"These cognitive maps are being recruited to perform mental navigation, without any sensory input or motor output. We are able to see a signature of this map presenting itself as the animal is going through these experiences mentally," says Mehrdad Jazayeri, an associate professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, and the senior author of the study.

McGovern Institute Research Scientist Sujaya Neupane is the lead author of the paper, which will appear in Nature. Ila Fiete, a professor of brain and cognitive sciences at MIT, a member of MIT's McGovern Institute for Brain Research, director of the K. Lisa Yang Integrative Computational Neuroscience Center, is also an author of the paper.

Mental maps

A great deal of work in animal models and humans has shown that representations of physical locations are stored in the hippocampus, a small seahorse-shaped structure, and the nearby entorhinal cortex. These representations are activated whenever an animal moves through a space that it has been in before, just before it traverses the space, or when it is asleep.




"Most prior studies have focused on how these areas reflect the structures and the details of the environment as an animal moves physically through space," Jazayeri says. "When an animal moves in a room, its sensory experiences are nicely encoded by the activity of neurons in the hippocampus and entorhinal cortex."

In the new study, Jazayeri and his colleagues wanted to explore whether these cognitive maps are also built and then used during purely mental run-throughs or imagining of movement through nonspatial domains.

To explore that possibility, the researchers trained animals to use a joystick to trace a path through a sequence of images ("landmarks") spaced at regular temporal intervals. During the training, the animals were shown only a subset of pairs of images but not all the pairs. Once the animals had learned to navigate through the training pairs, the researchers tested if animals could handle the new pairs they had never seen before.

One possibility is that animals do not learn a cognitive map of the sequence, and instead solve the task using a memorization strategy. If so, they would be expected to struggle with the new pairs. Instead, if the animals were to rely on a cognitive map, they should be able to generalize their knowledge to the new pairs.

"The results were unequivocal," Jazayeri says. "Animals were able to mentally navigate between the new pairs of images from the very first time they were tested. This finding provided strong behavioral evidence for the presence of a cognitive map. But how does the brain establish such a map?"

To address this question, the researchers recorded from single neurons in the entorhinal cortex as the animals performed this task. Neural responses had a striking feature: As the animals used the joystick to navigate between two landmarks, neurons featured distinctive bumps of activity associated with the mental representation of the intervening landmarks.




"The brain goes through these bumps of activity at the expected time when the intervening images would have passed by the animal's eyes, which they never did," Jazayeri says. "And the timing between these bumps, critically, was exactly the timing that the animal would have expected to reach each of those, which in this case was 0.65 seconds."

The researchers also showed that the speed of the mental simulation was related to the animals' performance on the task: When they were a little late or early in completing the task, their brain activity showed a corresponding change in timing. The researchers also found evidence that the mental representations in the entorhinal cortex don't encode specific visual features of the images, but rather the ordinal arrangement of the landmarks.

A model of learning

To further explore how these cognitive maps may work, the researchers built a computational model to mimic the brain activity that they found and demonstrate how it could be generated. They used a type of model known as a continuous attractor model, which was originally developed to model how the entorhinal cortex tracks an animal's position as it moves, based on sensory input.

The researchers customized the model by adding a component that was able to learn the activity patterns generated by sensory input. This model was then able to learn to use those patterns to reconstruct those experiences later, when there was no sensory input.

"The key element that we needed to add is that this system has the capacity to learn bidirectionally by communicating with sensory inputs. Through the associational learning that the model goes through, it will actually recreate those sensory experiences," Jazayeri says.

The researchers now plan to investigate what happens in the brain if the landmarks are not evenly spaced, or if they're arranged in a ring. They also hope to record brain activity in the hippocampus and entorhinal cortex as the animals first learn to perform the navigation task.

"Seeing the memory of the structure become crystallized in the mind, and how that leads to the neural activity that emerges, is a really valuable way of asking how learning happens," Jazayeri says.

The research was funded by the Natural Sciences and Engineering Research Council of Canada, the Quebec Research Funds, the National Institutes of Health, and the Paul and Lilah Newton Brain Science Award.
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Obesity-cancer connection discovery suggests strategies for improving immunotherapy | ScienceDaily
Immune system cells called macrophages play an unexpected role in the complicated connection between obesity and cancer, a Vanderbilt University Medical Center-led research team has discovered.


						
Obesity increases the frequency of macrophages in tumors and induces their expression of the immune checkpoint protein PD-1 -- a target of cancer immunotherapies. The findings, published June 12 in the journal Nature, provide a mechanistic explanation for how obesity can contribute to both increased cancer risk and enhanced responses to immunotherapy. They may also suggest strategies for improving immunotherapy and for identifying patients who will respond best to such treatments.

"Obesity is the second leading modifiable risk factor for cancer, behind only smoking, and obese individuals have a greater risk for worse outcomes. But they also can respond better to immunotherapy," said Jeffrey Rathmell, PhD, Cornelius Vanderbilt Professor of Immunobiology and director of the Vanderbilt Center for Immunobiology. "How is it that there can be this worse outcome on one hand, but better outcome on another? That's an interesting question."

Postdoctoral fellow Jackie Bader, PhD, led the studies to examine the influence of obesity on cancer and to explore this "obesity paradox" -- that obesity can contribute to cancer progression but also improve response to immunotherapy.

In a mouse model, the researchers found striking differences between the macrophages isolated from tumors in obese versus lean mice. While the protein PD-1 is an immunotherapy target normally thought to act on T cells, they discovered that the macrophages in tumors from obese mice expressed higher levels of PD-1, and that PD-1 acted directly on the macrophages to suppress their function.

In tumor samples from patients with kidney cancer, the researchers also found PD-1-expressing macrophages, and in human endometrial tumor biopsies from patients before and after 10% weight loss, they showed that PD-1 expression on tumor-associated macrophages decreased following weight loss.

"We were very fortunate to have collaborators that provided us with samples from the same patients before and after weight loss that reinforced the findings from our mouse models," Bader said.




Blocking PD-1 with an immunotherapy drug in the mouse models increased tumor-associated macrophage activity, including their ability to stimulate T cells.

Cancer immunotherapy studies have largely focused on T cells, because they are the immune cells that can kill cancer cells, Bader and Rathmell said. But macrophages play important roles in influencing what T cells do.

"I've always been 'team macrophage,'" Bader said. "Macrophages are thought of as being like a garbage truck: They clean up the mess. But they have a huge spectrum of activity to enhance the immune response, and they're more plastic and manipulatable than other immune cells, which makes them really interesting."

The presence of more macrophages expressing PD-1 in tumors in an obese setting provides a mechanistic explanation for the obesity paradox, Bader and Rathmell said. Increased PD-1 expression suppresses immune surveillance by macrophages -- and subsequently suppresses the killer T cells -- allowing tumors to grow (the increased cancer risk of obesity). PD-1 blockade with immunotherapy allows the increased number of PD-1-expressing macrophages to act (the enhanced response to immunotherapy).

Currently, immune checkpoint inhibitors work in only 20%-30% of patients.

"We clearly want to find ways to make immunotherapies work better, and in the obese setting, they naturally work better," Rathmell said. "Understanding how these processes are working biologically may give us clues about how to improve immunotherapy in general."

The findings also suggest that examining levels of PD-1-expressing tumor macrophages may help identify patients who will respond better to immunotherapy.

"It could be that the greater the proportion of PD-1-expressing macrophages a tumor has, the better the response to immunotherapy will be," Rathmell said.

The research was supported by the National Institutes of Health (grants K00CA234920, F31CA261049, F30CA239367, F30CA247202, K00CA253718, F99CA274695, T32DK007314, R01CA217987, T32GM007753, K08CA241351, R01CA238263, R01DK105550, T32GM007347, K12 CA090625, T32DK101003), American Association for Cancer Research and Vanderbilt-Incyte Alliance.
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Smartwatches offer window into Parkinson's disease progression | ScienceDaily
Ubiquitous wearable technologies, like smartwatches, could help researchers better understand progressive neurological disorders like Parkinson's disease and speed up the approval of new therapies, a critical need given that no drugs exist to slow progression of the world's fastest growing brain disease.


						
New research appearing today in the journal njp Parkinson's Disease adds to growing evidence that widely used and user-friendly consumer devices, in this instance an Apple Watch paired with an iPhone, can detect changes in Parkinson's symptoms over time in individuals in the early stages of the disease.

"Digital measures hold the promise to provide objective, sensitive, real-world measures of disease progression in Parkinson's disease," said Jamie Adams, MD, an associate professor of Neurology at the University of Rochester Medical Center, the Center for Health + Technology, and lead author of the study. "This study shows that data generated by smartwatches and smartphones can remotely monitor and detect changes in multiple domains of the disease. These digital assessments could help evaluate the efficacy of future therapies."

"On behalf of Critical Path Institute, we are delighted to see the astounding progress of this unique project," said Diane Stephenson, PhD, executive director of Critical Path for Parkinson's consortium and co-author of the study. "The early and often feedback from regulators have shaped this study in ways that now can link the clinical meaningfulness of symptoms measured by digital health technologies to the voice of people with lived experience. By partnering with patients, regulators, industry, and academic experts this project is serving as a precedent for other disease areas to follow."

Parkinson's is a complex disease, and the onset and severity of symptoms and progression varies widely from patient to patient. Traditional tools employed to track the disease are often subjective and collect information episodically during clinic visits. As a result, these tools do not adequately portray the day-to-day experience of individuals with Parkinson's, limitations that have contributed to the slow pace of new therapies.

In contrast, smartwatches and smartphones can passively monitor many of the symptoms of the disease, such as gait and tremor. Additional information can be collected through tasks such as finger tapping and voice recording to measure speech-related symptoms. Adams and her colleagues recently demonstrated the devices could detect differences between individuals with early, untreated Parkson's and age-matched controls.

In the new study, called WATCH-PD, the researchers followed participants with early-stage Parkinson's for 12 months. Over the course of the year, the data collected by the devices showed that participants with early Parkinson's experienced significant declines in measures of gait, an increase in tremor, and modest changes in speech. The smartwatch was able to detect decreases in arm swing, a common clinical feature of the disease, and activity in the form of the number of daily steps. The progression of symptoms in individuals in the study was consistent with other long-term studies of the disease.

The study was designed to replicate a multi-center clinical trial in individuals with early and untreated Parkinson's disease and involved the participation and input from the pharmaceutical industry, regulators, investigators, and individuals with disease. The WATCH-PD study has recently been extended with support from the Michael J. Fox Foundation and will follow participants for an additional 18 months.

"This study brings us closer to having meaningful digital measures for future use in Parkinson's clinical trials, which may speed up therapeutic development and get treatments to our patients faster." said Adams.

Additional authors include Ray Dorsey, Melissa Kostrzebski, Peggy Auinger, Peter Wilmot, Yvonne Pohlson, and Stella Jensen-Roberts with URMC; Tairmae Kangarloo, Yishu Gong, Vahe Khachadourian, Brian Tracey, Dmitri Volfson, and Robert Latzman with Takeda Pharmaceuticals; Martijn Muller with the Critical Path Institute; Joshua Cosman with AbbVie Pharmaceuticals; Jeremy Edgerton with Biogen; David Anderson and Allen Best with Clinical Ink; and the Parkinson Study Group Watch-PD Study investigators and collaborators including Christopher Tarolli from URMC. The research was supported with funding from Biogen, Takeda, and the members of the Critical Path for Parkinson's Consortium.
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Hybrid work is a 'win-win-win' for companies, workers | ScienceDaily
It is one of the most hotly debated topics in today's workplace: Is allowing employees to log in from home a few days a week good for their productivity, careers, and job satisfaction?


						
Nicholas Bloom, a Stanford economist and one of the foremost researchers on work-from-home policies, has uncovered compelling evidence that hybrid schedules are a boon to both employees and their bosses.

In a study, newly published in the journal Nature, of an experiment on more than 1,600 workers at Trip.com -- a Chinese company that is one of the world's largest online travel agencies -- Bloom finds that employees who work from home for two days a week are just as productive and as likely to be promoted as their fully office-based peers.

On a third key measure, employee turnover, the results were also encouraging. Resignations fell by 33 percent among workers who shifted from working full-time in the office to a hybrid schedule. Women, non-managers, and employees with long commutes were the least likely to quit their jobs when their treks to the office were cut to three days a week. Trip.com estimates that reduced attrition saved the company millions of dollars.

"The results are clear: Hybrid work is a win-win-win for employee productivity, performance, and retention," says Bloom, who is the William D. Eberle Professor of Economics at the Stanford School of Humanities and Sciences and also a senior fellow at the Stanford Institute for Economic Policy Research (SIEPR).

The findings are especially significant given that, by Bloom's count, about 100 million workers worldwide now spend a mix of days at home and in the office each week, more than four years after COVID-19 pandemic lockdowns upended how and where people do their jobs. Many of these hybrid workers are lawyers, accountants, marketers, software engineers and other with a college degree or higher.

Over time, though, working outside the office has come under attack from high-profile business leaders like Elon Musk, the head of Tesla, SpaceX, and X (formerly Twitter), and Jamie Dimon, CEO of JPMorgan Chase, who argue that the costs of remote work outweigh any benefits. Opponents say that employee training and mentoring, innovation, and company culture suffer when workers are not on site five days a week.




Blooms says that critics often confuse hybrid for fully remote, in part because most of the research into working from home has focused on workers who aren't required to come into an office and on a specific type of job, like customer support or data entry. The results of these studies have been mixed, though they tend to skew negative. This suggests to Bloom that problems with fully remote work arise when it's not managed well.

As one of the few randomized control trials to analyze hybrid arrangements -- where workers are offsite two or three days a week and are in the office the rest of the time -- Bloom says his findings offer important lessons for other multinationals, many of which share similarities with Trip.com.

"This study offers powerful evidence for why 80 percent of U.S. companies now offer some form of remote work," Bloom says, "and for why the remaining 20 percent of firms that don't are likely paying a price."

The research is also the largest to date of hybrid work involving university-trained professionals that relies on the gold standard in research, the randomized controlled trial. This allowed Bloom and his co-authors to show that the benefits they identify resulted from Trip.com's hybrid experiment and not something else.

In addition to Bloom, the study's authors are Ruobing Han, an assistant professor at The Chinese University of Hong Kong, and James Liang, an economics professor at Peking University and co-founder of Trip.com. Han and Liang both earned their PhDs in economics from Stanford.

The hybrid approach: Only winners

Trip.com didn't have a hybrid work policy when it undertook the 6-month experiment starting in 2021 that is at the heart of the study. In all, 395 managers and 1,217 non-managers with undergraduate degrees -- all of whom worked in engineering, marketing, accounting, and finance in the company's Shanghai office -- participated. Employees whose birthdays fell on an even-numbered day of the month were told to come to the office five days a week. Workers with odd-numbered birthdays were allowed to work from home two days a week.




Of the study participants, 32 percent also had postgraduate degrees, mostly in computer science, accounting or finance. Most were in their mid-30s, half had children, and 65 percent were male.

In finding that hybrid work not only helps employees, but also companies, the researchers relied on various company data and worker surveys, including performance reviews and promotions for up to two years after the experiment. Trip.com's thorough performance review process includes evaluations of an employee's contributions to innovation, leadership, and mentoring.

The study authors also compared the quality and amount of computer code written by Trip.com software engineers who were hybrid against code produced by peers who were in the office full-time.

In finding that hybrid work had zero effect on workers' productivity or career advancement and dramatically boosted retention rates, the study authors highlight some important nuances. Resignations, for example, fell only among non-managers; managers were just as likely to quit whether they were hybrid or not.

Bloom and his coauthors identify misconceptions held by workers and their bosses. Workers, especially women, were reluctant to sign up as volunteers for Trip.com's hybrid trial -- likely for fear that they would be judged negatively for not coming into the office five days a week, Bloom says. In addition, managers predicted on average that remote working would hurt productivity, only to change their minds by the time the experiment ended.

For business leaders, Bloom says the study confirms that concerns that hybrid work does more harm than good are overblown.

"If managed right, letting employees work from home two or three days a week still gets you the level of mentoring, culture-building, and innovation that you want," Bloom says. "From an economic policymaking standpoint, hybrid work is one of the few instances where there aren't major trade-offs with clear winners and clear losers. There are almost only winners."

Trip.com was sold: It now allows hybrid work company-wide.
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Inherited genetic factors may predict the pattern of X chromosome loss in older women | ScienceDaily


						Researchers have identified inherited genetic variants that may predict the loss of one copy of a woman's two X chromosomes as she ages, a phenomenon known as mosaic loss of chromosome X, or mLOX. These genetic variants may play a role in promoting abnormal blood cells (that have only a single copy of chromosome X) to multiply, which may lead to several health conditions, including cancer. The study, co-led by researchers at the National Cancer Institute, part of the National Institutes of Health, was published June 12, 2024, in Nature.


						
To better understand the causes and effects of mLOX, researchers analyzed circulating white blood cells of nearly 900,000 women across eight biobanks, of whom 12% had the condition. The researchers identified 56 common genetic variants -- located near genes associated with autoimmune diseases and cancer susceptibility -- that influenced whether mLOX developed. In addition, rare variants in a gene known as FBXO10 were associated with a doubling in the risk of mLOX.

In women with mLOX, the investigators also identified a set of inherited genetic variants on the X chromosome that were more frequently observed on the retained X chromosome than on the one that was lost. These variants could one day be used to predict which copy of the X chromosome is retained when mLOX occurs. This is important because the copy of the X chromosome with these variants may have a growth advantage that could elevate the woman's risk for blood cancer.

The researchers also looked for associations of mLOX with more than 1,200 diseases and confirmed previous findings of an association with increased risk of leukemia and susceptibility to infections that cause pneumonia.

The scientists suggest that future research should focus on how mLOX interacts with other types of genetic variation and age-related changes to potentially alter disease risk.
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Study on fruit flies could benefit eggs of older women | ScienceDaily
A Dartmouth study conducted on fruit flies reports the first evidence in any organism that oocytes -- the cells that become eggs -- regularly rejuvenate the critical protein linkages that bind chromosomes together. The findings are a potentially important step toward helping women reduce their risk of pregnancy complications as they age, the researchers report in the journal Current Biology. 


						
Women are born with the oocytes they will have for life, and the cohesive linkages that connect chromosomes are established in those cells prenatally. When they reach childbearing age, ovulation triggers the oocyte to divide, resulting in the formation of an egg that can be fertilized by a sperm. Cohesive linkages must be present in the dividing oocyte to form an egg that contains the correct number of chromosomes.

As a woman ages, so do her oocytes. The loss of cohesive linkages as oocytes age is one factor that increases the likelihood of miscarriages and conditions such as Down syndrome for older women, a phenomenon known as the maternal age effect. The risk of cell division producing an egg with the wrong number of chromosomes goes up significantly after the age of 30.

But the Dartmouth researchers discovered that in fruit fly oocytes, new cohesive linkages form on the chromosomes to replace the originals. They monitored specific proteins within the cohesin complex -- the group of proteins that mediate the linkages between chromosomes -- and found that this rejuvenation process occurs throughout the development of the fly oocyte.

"Our work is the first in the field to demonstrate that cohesive linkages in oocytes can form after the original linkages are generated," says Sharon Bickel, professor of biological sciences at Dartmouth and the paper's corresponding author.

"Whether organisms other than fruit flies utilize cohesion rejuvenation in oocytes is not known," Bickel says. "But it is hard to understand why rejuvenation would be necessary to keep cohesion intact for six days in fruit fly oocytes, but not in human oocytes that undergo decades of aging."

The researchers propose in their paper that if human oocytes do have the ability to rejuvenate cohesive linkages, this mechanism may become less efficient because of oxidative damage brought on by aging. A decline in rejuvenation could lead to an overall loss in chromosome linkages, Bickel says.




The Bickel Lab uses fruit flies as a model for investigating the molecular mechanisms underlying chromosome cohesion. They have found that the effects of aging on fruit fly oocytes are similar to that seen in humans. In 2008, the lab reported a method for "aging" fruit fly oocytes that provided evidence that aging causes a loss of cohesive linkages. A 2016 paper showed that increasing oxidative damage in fruit fly oocytes also results in the loss of cohesive linkages, while a 2019 paper from the lab reported that decreasing oxidative damage in aging oocytes improves cell division outcomes.

"If we can identify the proteins and the mechanisms that underlie cohesion rejuvenation in this system, that could inform the development of therapeutic strategies designed to enhance rejuvenation in the eggs of older women and slow the loss of cohesion," Bickel says.

Muhammad Haseeb, a postdoctoral researcher in Bickel's lab and the paper's first author, says that evidence for turnover in cohesive linkages has proven elusive for researchers. To date, experiments performed in mice have reported no signs of rejuvenation.

The Dartmouth researchers took several different approaches, says Haseeb, who began the project as a graduate student in Dartmouth's Molecular and Cellular Biology program. Some of the fly strains the team utilized were generated by co-author Katherine Weng when she was a graduate student in Bickel's lab.

The tools available for fruit fly experiments allowed the researchers to manipulate proteins at an earlier stage in oocytes, but still after the original cohesive linkages had formed. They also used two different methods to monitor a protein that exists in all varieties of the cohesin complex found in fruit fly oocytes, Haseeb says. Researchers working in mice focused on a single protein present in only a subset of cohesin complexes in mouse oocytes, he says.

"It is possible that one or both of these differences account for our findings," Haseeb says. The paper may help facilitate further experiments in mouse oocytes that could help forge a clearer path to discovering and understanding this process in humans, he says.

"Interestingly, two of the regulatory proteins that we know are required for rejuvenation in fly oocytes also are present on mouse oocyte chromosomes -- after the original cohesive linkages are formed," Haseeb says. "That is consistent with them playing a role in rejuvenation in mammals."

Bickel and Haseeb take the study one step further in a paper published June 8 in the journal G3 with co-authors Alana Bernys '20 and Erin Dikert '21, who worked on the project as Dartmouth undergraduate students. In it, the researchers identify proteins required for rejuvenation so that the molecular pathway or pathways can be better understood.

An additional project ongoing in the Bickel Lab is testing whether nutritional supplements can reduce the risk of chromosome errors in fly oocytes that have undergone aging.
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Painful truth about knee osteoarthritis: Why inactivity may be more complex than we think | ScienceDaily
Knee osteoarthritis (OA) is a common cause of pain and joint stiffness. And while physical activity is known to ease symptoms, only one in 10 people regularly exercise.


						
Understanding what contributes to patients' inactivity is the focus of a world first study from the University of South Australia. Here, researchers have found that people with knee OA unconsciously believe that activity may be dangerous to their condition, despite medical advice telling them otherwise.

The study found that of those surveyed, 69% of people with knee pain had stronger implicit (unconscious) beliefs that exercise was dangerous than the average person without pain.

It's an interesting finding that not only highlights the conflicted nature of pain and exercise, but also that what people say and what people think, deep down, may be entirely different things.

Lead researcher, and UniSA PhD candidate based at SAHMRI, Brian Pulling, says the research provides valuable insights for clinicians treating people with knee OA.

"Research shows that physical activity is good for people with knee OA, but most people with this condition do not move enough to support joint or general health," Pulling says.

"To understand why people with OA might not be active, research studies typically use questionnaires to assess fear of moving. But unfortunately, questionnaires are limited -- what we feel deep down (and how our system naturally reacts to something that is threatening) may be different to what we report. And we still know that many people are avoiding exercise, so we wanted to know why."

To assess this, the researchers developed a tool that can detect and evaluate people's implicit beliefs about exercise; that is, whether they unconsciously think activity is dangerous for their condition.




"We found that that even among those who said they were not fearful about exercise, they held unconscious beliefs that movement was dangerous," Pulling says.

"Our research shows that people have complicated beliefs about exercise, and that they sometimes say one thing if asked directly yet hold a completely different implicit belief.

"People are not aware that what they say doesn't match what they choose on the new task; they are not misrepresenting their beliefs.

"This research suggests that to fully understand how someone feels about an activity, we must go beyond just asking directly, because their implicit beliefs can sometimes be a better predictor of actual behaviour than what people report. That's where our tool is useful."

The online implicit association test presents a series of words and images to which a participant must quickly associate with being either safe or dangerous. The tool intentionally promotes instant responses to avoid deliberation and other influencing factors (such as responding how they think they should respond).

Associate Professor Tasha Stanton says that the new tool has the potential to identify a group of people who may have challenges increasing their activity levels and undertaking exercise.




"What people say and what people do are often two different things, Assoc Prof Stanton says.

"Having access to more accurate and insightful information will help health professionals better support their patients to engage with activity and exercise. It may also open opportunities for pain science education, exposure-based therapy, or cognitive functional therapy...things that would not usually be considered for someone who said that they were not scared to exercise."

Researchers are now looking to see if implicit beliefs are directly associated with behaviour and are asking for people to complete the Implicit Association Test (takes seven minutes). At the end of the test participants are given their results in comparison to the rest of the population.

To take the test, please click here: https://unisasurveys.qualtrics.com/jfe/form/SV_0OZKUqzBNtiKGF0
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Preparing for a world where Alzheimer's disease is treatable | ScienceDaily
Drugs with the potential to change the course of Alzheimer's disease are expected to be approved by mid-year in the UK. Healthcare services may need to change to ensure that all patients have equitable access to these new modifying anti-amyloid therapies, according to research led by Queen Mary University of London and University College London (UCL).


						
Alzheimer's disease is the most common cause of dementia. Of the 944,000 people living with dementia in the UK, 60-80% have Alzheimer's. Currently, the only available drugs for Alzheimer's treat symptoms. However, recent clinical trials show that new therapies -- which use monoclonal antibodies to remove amyloid plaques that form on the brain -- may slow down disease progression. Two of these 'disease-modifying therapies' (DMTs) have been granted 'breakthrough therapy' designation in the UK and are likely to become available to patients by mid-2024 (pending regulatory approval).

In the UK, dementia care is mostly centred around psychiatry-led memory clinics in the community. In their current state, it is extremely unlikely that DMTs will be administered in these settings. Delivery of these new treatments will require a major restructure to existing dementia services -- from determining eligibility to delivery of the treatment itself, including follow-up. It will require additional staff and training across imaging, diagnostics and pathology, and other clinical services. It will also require access to laboratories that can carry out biomarker testing to confirm whether a patient is eligible for the treatment.

The potential roll-out of DMTs presents major challenges for services and has real potential to amplify existing inequities in service access. To anticipate and mitigate these challenges, researchers from Queen Mary's Centre for Preventive Neurology, UCL's Dementia Research Centre, and UCL Partners carried out essential research to estimate how many patients are likely to be eligible for DMTs.

The researchers compared clinical case notes from over 1,000 people attending either community memory clinics or specialist cognitive services in England. They found that 32% of those attending memory services and 14% of people attending specialist cognitive services would likely be referred for consideration for the new DMTs. Researchers found that amyloid biomarker tests were available for people attending specialist cognitive services in the form of specialist scans called PET scans and spinal fluid tests. However, fewer than 1% of people attending community memory clinics had undergone biomarker tests.

While a sizeable proportion of patients attending memory clinics may be referred for therapy for Alzheimer's disease, only a minority are likely to be suitable, once they have undergone biomarker testing. The researchers highlight an immediate need for biomarker testing to ensure that the right patients can be identified for these treatments.

First author, Professor Ruth Dobson, Professor of Neurology at Queen Mary University of London, Consultant Neurologist and Dementia Theme Co-Lead for UCL Partners, said: "The development of disease modifying therapies for dementia has the potential to drive significant service changes. We have seen the impact of this in MS and stroke. It is crucial to understand and plan such changes proactively in order to ensure best care for all people living with dementia, regardless of initial treatment availability and eligibility."

Study lead, Professor Rimona Weil, Consultant Neurologist at UCL and the National Hospital for Neurology and Neurosurgery, and Dementia Theme Co-Lead for UCL Partners said: "Working with clinicians running memory clinics was crucial to this work, meaning that we could get real-world estimates for how many people are likely to be referred for these new drugs for the first time."




Study co-lead, Professor Catherine Mummery, Consultant Neurologist at UCL and the National Hospital for Neurology and Neurosurgery, said: "We demonstrate that diagnostic resources affect the accuracy of diagnosis and referral habits, and that a collaborative networked approach is critical to developing a functioning treatment service in preparation for these new therapies."

David Thomas, Head of Policy and Public Affairs at Alzheimer's Research UK, said: "New Alzheimer's drugs are finally on the horizon, but for their full potential to be realised, health systems need to be able to offer people with symptoms of dementia an accurate and early diagnosis to find out whether these treatments could benefit them.

"As this research demonstrates, the NHS is a long way from being able to do this testing routinely. Whoever forms the next government must invest in the NHS urgently, to ensure we have the right diagnostics and workforce in place to help identify people who could benefit from new treatments should they be deemed safe and effective by the regulators. A key part of the solution is cheaper, more scalable diagnostics, such as blood tests, for use in clinical care."

This study was produced by researchers from a network of universities who form the Academic Health Science Centre for UCLPartners and in collaboration with a network of clinicians in memory clinics in London and the South East.
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Female AI 'teammate' generates more participation from women | ScienceDaily
An artificial intelligence-powered virtual teammate with a female voice boosts participation and productivity among women on teams dominated by men, according to new Cornell University research.


						
The findings suggest that the gender of an AI's voice can positively tweak the dynamics of gender-imbalanced teams and could help inform the design of bots used for human-AI teamwork, researchers said.

The findings mirror previous research that shows minority teammates are more likely to participate if the team adds members similar to them, said Angel Hsing-Chi Hwang, postdoctoral associate in information science and lead author of the paper.

To better understand how AI can help gender-imbalanced teams, Hwang and Andrea Stevenson Won, associate professor of communication and the paper's co-author, carried out an experiment with around 180 men and women who were assigned to groups of three and asked to collaborate virtually on a set of tasks (the study only included participants who identified as either male or female).

Each group had either one woman or one man and a fourth agent in the form of an abstract shape with either a male or female voice, which would appear on screen and read instructions, contribute an idea and handle timekeeping. There was a catch -- the bot wasn't completely automated. In what's referred to in human-computer interaction as a "Wizard of Oz" experiment, Hwang was behind the scenes, feeding lines generated by ChatGPT into the bot.

After the experiment, Hwang and Won analyzed the chat logs of team conversations to determine how often participants offered ideas or arguments. They also asked participants to reflect on the experience.

"When we looked at participants' actual behaviors, that's where we started to see differences between men and women and how they were reacting when there was either a female agent or a male agent on the team," she said.

"One interesting thing about this study is that most participants didn't express a preference for a male- or female-sounding voice," Won said. "This implies that people's social inferences about AI can be influential even when people don't believe they are important."

When women were in the minority, they participated more when the AI's voice was female, while men in the minority were more talkative but were less focused on tasks when working with a male-sounding bot, researchers found. Unlike the men, women reported significantly more positive perceptions of the AI teammate when women were the minority members, according to researchers.

"With only a gendered voice, the AI agent can provide a small degree of support to women minority members in a group," said Hwang.
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Do traumatic life experiences impact perception of distressing imagery? | ScienceDaily
The human visual system is a dominant part of the brain's processes and navigation of the world. To better understand an aspect of this system, researchers from Drexel University's College of Nursing and Health Professions examined how life experiences impact a person's perception of imagery -- specifically decorated masks.


						
The study, published in Frontiers in Psychology, examined viewer responses to images of distressing and neutrally decorated masks and whether personal life history, particularly past experiences of trauma and difficulty, affected how the person perceived the imagery.

The research team, led by Girija Kaimal, EdD, an associate professor, and Asli Arslanbek-Evci, a recent doctoral graduate, both from the College of Nursing and Health Professions, found that traumatic life events do impact the perception of trauma-related imagery, and that neutral imagery overall evoked less of an emotional response in viewers than the imagery depicting moral, psychological or physical injuries.

"This shows the important associations between personal experiences of trauma and how we respond to visual imagery," said Kaimal.

"It's important for health care providers and caregivers to be aware of the vulnerabilities and sensitivities to visual imagery for individuals with a history of experiencing or witnessing trauma. Further, researchers may incorporate these methods to better understand differences in brain function and structure associated with traumatic experiences," said John Williamson, PhD, co-author of the paper and an associate professor from the University of Florida.

Kaimal added that in addition to the practical implications for improving therapeutic practices and supporting trauma recovery, the study highlights our collective sensitivities as a society to the impact of viewing distressing images.

The research team found that responses to mask image content (traumatic versus neutral) were associated with viewers' personal history of adversity and trauma. Specifically, images representing injury/trauma provoked stronger reactions on positive/negative emotional responses (valence) and arousal scales than neutral images.




"We found imagery with intense emotional content including distress and pain were more likely to evoke heightened emotion and a sense of personal relevance for individuals who have experienced adversities and trauma in their life," said Arslanbek-Evci. "This does not necessarily indicate negative consequences of viewing distressing content. Instead, it may suggest that people connect with imagery in different ways. For individuals who have experienced trauma, they might find both emotional activation and resonance (a sense of personal connection) with graphic images depicting distress."

Study participants took an anonymous online survey responding to a series of mask images and completed the Life Events Checklist, which asks whether they had witnessed, experienced or heard about a series of traumatic events. The images of the masks included artwork created by military service members with traumatic brain injury (TBI) and post-traumatic stress disorder (PTSD), depicting physical, psychological and moral injuries. Those images were matched with neutral masks created by the research team. Nearly 700 participants rated 98 masks in terms of their arousal, emotional response and perceived personal relevance.

"Mask images were used since they mimic the human face and this has a distinct brain pathway in terms of recognition, responses to pain, empathy and similar interpersonal responses," said Kaimal. "In the profession of art therapy, mask-making has been recognized as a safe and effective medium that enables individuals to establish psychological distance for the purpose of self-expression and has been used to depict transformation and growth."

Kaimal and Arslanbek-Evci explained that this study shows how impactful imagery can be in all aspects of life, including in mass communications, public health and mental health care perspectives. Evocative images have the power to both promote a sense of personal connection, as well as activate emotions that are associated with past experiences. They hope further research can examine how these differ based on age, gender, type of trauma history as well as different types of imagery such as humans, nature, or environment, among others.
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New biomarker database designed to improve astronaut health may also be useful to earthlings | ScienceDaily
As space travel becomes more frequent, a new biomarker tool was developed by an international team of researchers to help improve the growing field of aerospace medicine and the health of astronauts.


						
Dr. Guy Trudel (Professor in the Faculty of Medicine), Odette Laneuville (Associate Professor, Faculty of Science, and Director of the Biomedical Sciences) and Dr. Martin Pelchat (Associate Professor in the Department of Biochemistry, Microbiology and Immunology) are among the contributors to an international study led by Eliah Overbey of Weill Cornell Medicine and the University of Austin. Published today in Nature it introduces the Space Omics and Medical Atlas (SOMA), a database of integrated data and sample repository from a diverse range of space missions, including from SpaceX and NASA.

Space travel creates cellular, molecular, and physiological shifts in astronauts. SOMA is expected to provide a much necessary biomedical profiling that can help tease out the short and long-term health impacts of spaceflight. This will bring needed health monitoring, risk mitigation, and countermeasures baseline data for upcoming lunar, Mars, and exploration-class missions. It is meant to help keep astronauts and space travelers alive and healthy.

It may also have some intended use here on Earth.

"This represents a breakthrough in the study of human adaptation and life in space. Since many of the changes in astronaut in space resemble those of people who are immobile in bed, these studies can be clinically relevant. The data are therefore important for future space exploration while also providing a correlation to people on Earth with limited mobility or who are bedridden before their rehabilitation," says Dr. Trudel, a rehabilitation physician and researcher at The Ottawa Hospital who has focused on space travel and its effects on the human immune system.

Highlights of the study, include:
    	The Atlas includes extensive molecular and physiological profiles encompassing genomics, epigenomics, transcriptomics, proteomics, metabolomics, and microbiome data sets, which reveal some consistent features across missions.
    	Samples were taken pre-flight, during, post-flight and throughout the recovery period.
    	Comprehensive profile of the physiological changes of the I4 crew (ages 29, 38, 42, 51) and 13 unique biospecimen sample types were collected and processed.
    	2,911 samples were banked with over 1,000 samples processed for sequencing, imaging, and biochemical analysis creating the first-ever aerospace medicine biobank.
    	The SOMA resource represents an over 10-fold increase in total publicly available human space omics data.

"The University of Ottawa's Faculty of Medicine, its Faculty of Science, and The Ottawa Hospital's Bone and Joint Research laboratory have a long history of contributions and successes in studying human adaptation to space. They also involve students from different programs, providing a unique learning experience in both bone and joint health, and in the rapidly developing field of aerospace medicine," adds Dr. Trudel.
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Haiku may shine a light on humans' relationship with insects | ScienceDaily
Haiku poems have reflected humans' experiences in nature for hundreds of years, including observations of bugs and other wildlife. Recently, Penn State researchers analyzed which insects were mentioned the most in haiku -- with butterflies, fireflies and singing insects such as crickets topping the list.


						
Haiku are three-line poems with five syllables in the first and third lines, and seven syllables in the second line.

In their study of nearly 4,000 haiku, recently published in the journal PLOS ONE, the researchers also found that aquatic arthropods -- such as caddisflies, stoneflies and fishflies -- were mentioned the least.

Corresponding author Andrew Deans, professor of entomology in the College of Agricultural Sciences and director of the college's Frost Entomological Museum, said the findings shine a light on the insects that inspire emotion and awe in humans the most -- and the insects that don't get as much attention as they should.

"I think what we uncovered here are some opportunities for better outreach about the importance and relevance of insects, and in particular, focusing on those groups that provide a big influence on the world around us," Deans said. "For example, aquatic arthropods were almost never mentioned, so perhaps there's an opportunity for more education about them."

Deans said he was inspired to conduct the study by recent reports about insect decline worldwide. As scientists have discussed the potential impacts of this decline -- such as reductions in plant pollination and gaps in the food chain -- Deans said he was also curious about whether the declines would be reflected in art.

"We thought that maybe over time, there would be a change in tone or emotion in relation to insects that would be represented in these poems," Deans said. "Haiku are short, each representing a moment in nature, and we thought they could be a proxy for understanding how humans see and interact with insects, and which behaviors and aspects of insect biology that people tend to notice.




Co-author Laura Porturas, assistant curator at the Frost Entomological Museum, said they also were hoping to gain insights that would help them better communicate with the public.

"Sometimes it's difficult to talk with people about insects because their initial reaction is 'ew, creepy,'" Porturas said. "We were interested in learning which insects and what aspects of their biology have good emotions associated with them, because that would make it easier to talk to people about why insects are important and all the beneficial things they do in our ecosystem."

For the study, the researchers assembled a data set of 3,894 haiku written around the world by 1,248 individual poets between 1549 and 2022. About one third of the poems were sourced from the Hexapod Haiku Challenge, an annual poetry contest sponsored by the Frost Museum and specifically focused on insect-related haiku. The 2024 contest is accepting entries until June 15.

The researchers then used linguistic software to analyze the poems for the types of insects that were mentioned, different traits such as types of movement or sounds, and tone and emotion, among other factors.

In total, the researchers found that at least 99 families of arthropods, in 28 orders, were represented in the poems. The eight orders that were most commonly referenced were Lepidoptera, which includes butterflies and moths; Hymenoptera, which includes wasps, bees and ants; Diptera, which includes mosquitos and hoverflies; Coleoptera, which includes beetles; Araneae, which includes spiders; Orthoptera, which includes grasshoppers and crickets; Hemiptera, which includes cicadas; and Odonata, which includes dragonflies.

"Many of these insects, like butterflies, were found in haiku going back to the 1500s, so they were commonly referenced throughout time," Deans said. "Whereas spiders were also common, but we didn't see them written about until the 1950s. So, some were mentioned consistently throughout time, and others only recently. Bees, wasps and related insects also seem to be seen much more recently."

The researchers also tracked which traits were referenced, with the most common being those related to ecology, like habitat and the time of day; behavior, especially sound production; physical traits, especially color; and movement, especially flight.




Porturas said they used the findings to enhance this year's Hexapod Haiku Challenge. Participants are allowed to submit an additional haiku if they participated in the special aquatic arthropods challenge, or already submitted a haiku that specifically mentions aquatic arthropods.

"We encouraged people to go out and observe stream and pond insects and write a haiku about their experience," she said. "Hopefully, we'll get more people engaged in learning about these important insects and spending time in those habitats."

Deans said that in the future, he and Porturas plan to conduct additional studies, such as those with larger bodies of text that may allow for broader, stronger conclusions about how different arthropods are perceived by the public.
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Precision medicine for sepsis in children within reach | ScienceDaily
Sepsis -- the leading cause of mortality in children around the world -- can present with a wide range of signs and symptoms, making a one-size-fits-all treatment strategy ineffective. Pursuing a precision medicine approach for pediatric sepsis, researchers used artificial intelligence to analyze a large set of clinical data and find a distinct group of patients who might respond better to targeted treatments.


						
These children share clinical characteristics described as PHES, or persistent hypoxemia (abnormally low oxygen levels in the blood), encephalopathy (brain function disturbance) and shock, which is a highly lethal pattern within sepsis presentations. A recent study validated this pattern and discovered that PHES overlaps with biomarkers that indicate excessive levels of inflammation and endothelial activity (which works in tandem with an overactive immune response). Findings were published in the journal Pediatric Critical Care Medicine.

"The association we found between PHES and a set of biomarkers suggests that this group of children with sepsis could benefit from targeted treatment, such as corticosteroids, for example," said senior author L. Nelson Sanchez-Pinto, MD, critical care physician as well as Warren and Eloise Batts Research Scholar at Ann & Robert H. Lurie Children's Hospital of Chicago, and Associate Professor of Pediatrics and Preventive Medicine at Northwestern University Feinberg School of Medicine. "In sepsis care, physicians need to make quick treatment decisions and our study shows that they can base these decisions on a specific pattern within routinely collected clinical data. We are much closer now to precision medicine for sepsis."

Dr. Sanchez-Pinto explains that clinical trials are still needed to test various targeted treatments for children with PHES. He expects that within the next five years there will be enough research data to change clinical practice and make it more consistent.

"Our findings also allow more targeted research into treatments for sepsis," he said. "Studies might show that a treatment is ineffective for children with sepsis overall, but that same treatment could be studied in children with PHES and prove to be life-saving for this distinct group of patients."

Research at Ann & Robert H. Lurie Children's Hospital of Chicago is conducted through Stanley Manne Children's Research Institute, which is focused on improving child health, transforming pediatric medicine and ensuring healthier futures through the relentless pursuit of knowledge. Lurie Children's is a nonprofit organization committed to providing access to exceptional care for every child. It is ranked as one of the nation's top children's hospitals by U.S. News & World Report. Lurie Children's is the pediatric training ground for Northwestern University Feinberg School of Medicine.
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Research on the visual rabbit illusion takes a leap forward | ScienceDaily
Researchers from Kyushu University have uncovered new variations to a traditional illusion, based on how we perceive the motion of flashing lights. Published on May 21 ini-Perception, the findings show that when three light flashes are presented in rapid succession in our side vision, our brain tends to perceive them in a straight line, with the second flash around the midpoint, no matter the actual location of the second flash. This research, which earned the journal's Early Career Best Paper Prize this year, offers new perspectives on perceptual errors and eyewitness testimony reliability.


						
For people without severe visual impairments, sight is the most vital sense. Yet, the information our eyes provide isn't always a faithful depiction of reality. One fascinating phenomenon that highlights this is the visual saltation illusion. When a series of light points flicker rapidly in the peripheral vision, we may mistake their true positions, thinking the flash is jumping from its original location to another spot. It appears as if a rabbit is jumping from one spot to another, which is why it's also called the "visual rabbit illusion."

In traditional experiments, this illusion is studied using three flashes that appear in two locations: the first two flashes at the exact same location on the left and the third flash on the right. Under these conditions, an illusion is created as the second flash is perceived roughly halfway between the two points.

But is this the only condition for the illusion to occur? Researchers at Kyushu University decided to experiment by changing the location of the second flash to see if that impacted the illusion. They fixed the first and third flashes in the peripheral vision, modified the flash duration and intervals to ensure the illusion occurred, and then conducted three experiments.

Their findings indicate that participants misperceived the second flash, placing it near the midpoint between the first and last flash. This illusion occurred regardless of whether the second flash was at the same location as the third or even further to the right of the third flash. "It's like a rabbit hopping back to the middle after the brain processes it," comments Sheryl Anne Manaligod de Jesus, the first author of the study and a doctoral student at Kyushu University's Graduate School of Design.

Additionally, the researchers found that the flashes do not need to be presented in a line for the illusion to happen. Even when the second flash appeared above or below the midpoint, its perceived location still tended to be near the center. This happens because when our visual system receives flashes in rapid succession, the brain processes them as a whole, leading to a perceptual reorganization of the flashes into a simpler, more coherent pattern.

One way to further investigate the visual saltation illusion's mechanisms is by providing the experimental results to artificial intelligence. Comparing human and AI responses could indicate whether our visual pathways are simpler or more complex than we imagine.

What we "see" is not solely dependent on our vision, it is often a construction of our brain, influenced by attention and memory. This questions the reliability of eyewitness testimony. "Our brain sometimes uses future events to interpret the past," says de Jesus, "This is called postdiction, meaning that how we perceive a past event, like the second flash, is influenced by what happens afterward. This results in the fascinating illusion of the flash appearing in a place, where it never really was."

As the study suggests, our peripheral vision, especially with fast-moving objects, is not completely reliable. Further research into visual saltation illusions is needed to help us better understand visual processing and potentially improve our peripheral vision. After studying how position changes affected the perceived "rabbit," the team's next step is to explore how attention impacts the illusion.

Where hops the rabbit? Or do we see a rabbit or a duck? How much does our brain mislead our sense of the visual world? Despite needing more research to fully understand these illusions, their power to enrich our lives with unique and enjoyable experiences is clear. As Professor Hiroyuki Ito, the supervisor of de Jesus and the second author from Kyushu University's Faculty of Design, remarks, "The most important thing is to enjoy the illusions."
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AI model may yield better outcomes for prostate cancer | ScienceDaily
Investigators from UCLA Health found using artificial intelligence to help map out the boundaries of cancerous prostate tissue can significantly reduce the risk of underestimating the extent of prostate cancer -- an advancement that can help ensure an accurate diagnosis, precise treatment planning and effective surgical procedures.


						
By using AI to assist with cancer contouring, the researchers found predicting the cancer size was 45 times more accurate and consistent than when physicians used only conventional clinical imaging and blood tests to predict the cancer extent.

The findings were published in the Journal of Urology. 

"Accurately determining the extent of prostate cancer is crucial for treatment planning, as different stages may require different approaches such as active surveillance, surgery, focal therapy, radiation therapy, hormone therapy, chemotherapy, or a combination of these treatments," said study author Dr. Wayne Brisbane, assistant professor of urology at the David Geffen School of Medicine at UCLA and member of the UCLA Health Jonsson Comprehensive Cancer Center.

Assessing the extent of prostate cancer is a complex task and typically requires a surgeon to consider various diagnostic tests such as a prostate-specific antigen (PSA) blood test, imaging tests like MRI, CT scans, and other clinical features simultaneously to determine the aggressiveness of the cancer cells.

Physicians tend to rely on a tumor's MRI appearance, but the true extent of the prostate cancer can be "MRI-invisible" causing physicians to underestimate the tumor size, noted Brisbane. AI could help resolve this challenging problem.

The new AI system, developed by researchers at UCLA and Avenda Health, has already shown to better define the margins of prostate cancer than MRI, demonstrating the potential of AI to help improve minimally invasive treatment approaches like focal therapy, which is a relatively new approach for treating prostate cancer that aims to eliminate the cancer cells while minimizing damage to surrounding healthy tissue. However, prior to this study, characterizing the performance of the AI system in the hands of physicians was previously not tested.




In order to evaluate the cancer contouring and clinical decision-making of physicians with and without AI software, the researchers conducted a multi-reader-multi-case study that compared cognitive and hemi-gland contouring methodologies to AI-assisted contours.

Seven urologists and three radiologists from different hospitals with varying levels of experience ranging from two to 23 years reviewed cases of 50 patients who had undergone a prostatectomy but who might have been eligible for focal therapy.

Each case included images from a specific type of MRI scan called T2-weighted MRI, along with outlines of the prostate gland and areas where cancer was suspected, as well as a report from a biopsy.

First, the physicians looked at the images and manually drew outlines around the suspected cancerous areas, aiming to encapsulate all significant disease. Then, after waiting for at least four weeks, they reexamined the same cases, this time using AI software to assist them in identifying the cancerous areas.

An analysis was then completed to evaluate the accuracy and negative margin rate -- which indicates whether all cancerous tissue was identified -- of the cancer outlines drawn by each method.

The researchers found when using conventional means, doctors only achieved a negative margin 1.6% of the time. When assisted by AI the number increased to 72.8%.




"We saw the use of AI assistance made doctors both more accurate and more consistent, meaning doctors tended to agree more when using AI assistance," said Shyam Natarajan, assistant adjunct professor of urology, surgery, and bioengineering and senior author of the study.

The team also found that the use of AI increased clinician recommendations for focal therapy among patients with unilateral cancer and reduced variation in accurate tumor encapsulation, which could help reduce the risk of side effects commonly associated with more aggressive treatments like surgery or radiation therapy.

"Overall, the use of AI in cancer treatment could lead to more effective and personalized care for patients, with treatments that are better tailored to their individual needs and more successful in fighting the disease," said Brisbane.

The study was funded in part by the National Cancer Institute at the National Institutes of Health.

The study's co-first authors are Sakina Mohammed Mota and Alan Priester, from Avenda Health. Other authors include James Sayre from UCLA and Joshua Shubert, Jeremey Bong and Brittany Berry-Pusey from Avenda Health.

Conflicts of Interest: Mota, Priester, Shubert, and Bong are employees of Avenda Health. Berry-Pusey and Natarajan are cofounders of Avenda Health. Sayre consults for Avenda Health.
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Underlying mechanisms behind regular exercise benefits | ScienceDaily
We all know exercise is good.


						
It helps improve overall health and prevent disease. But the reasons why exercise does that haven't been fully understood.

Enter Zhen Yan, professor with the Fralin Biomedical Research Institute at VTC and the College of Agriculture and Life Sciences at Virginia Tech, who helped discover thousands of alterations in bodies after various durations of endurance exercise training.

The Molecular Transducers of Physical Activity Consortium, of which Yan is a founding member, studied both male and female rats over eight weeks of endurance exercise and found thousands of molecular alterations. These findings, which published in May in Nature, have implications for human health, such as in liver disease, bowel disease, cardiovascular health, and tissue recovery.

"For most people in most situations, exercise is better than medicine," said Yan, who is also director of the Fralin Biomedical Research Institute's Center for Exercise Medicine Research and vice chairman of the International Research Group on Biochemistry of Exercise. "This data suggests that exercise can be a very potent and profound protection against diseases, such as nonalcoholic fatty liver disease, inflammatory bowel disease, and many others. This study unveiled things that we did not know, and I think it's the beginning of revealing significant impacts of exercise in how it promotes health and prevents diseases."

The National Institutes of Health funded the research. In addition to Yan, the study's authors include Sarah Lessard, who in July will join the Fralin Biomedical Research Institute and the Department of Human Nutrition, Foods, and Exercise in the College of Agriculture and Life Sciences.

Is exercise better than medicine?

The Molecular Transducers of Physical Activity Consortium studied male and female rats over eight weeks of endurance exercise, examining changes in blood, plasma, and 18 solid tissues. Researchers analyzed nearly 10,000 samples using 25 molecular platforms at four training stages.




They found thousands of molecular changes, with differences between sexes in multiple tissues. These changes included regulation of immune, metabolic, stress responses, and mitochondrial pathways relevant to human health issues like nonalcoholic fatty liver disease, inflammatory bowel disease, cardiovascular health, and tissue recovery. Mitochondria are often referred to as the powerhouse of a cell as they aid in chemical energy as well as the regulation of a cell cycle, cell growth, and cellular health.

No single medicine could have such positive system-wide impacts and is as long-lasting, Yan said.

"Impact of exercise is far better than any single medicine," he said. "There are studies showing that pregnancy exercise can even positively affect the grandchildren, and no single drug can do that."

The path ahead

For Yan and the Molecular Transducers of Physical Activity Consortium, this research opened new doors. First is the need to expand the research to resistance-based exercise training -- which could be weightlifting, resistance bands, or other methods of building muscle mass.

But it's also important to truly understand the factors that mediate the molecular alterations.




"We need to dissect the health benefits that we've found so far," Yan said. "I proposed a study that will analyze protein factors in the blood that are released by organs and tissues, such as the adrenal gland, muscles, and the heart, in response to a single bout of exercise and exercise training."

Are these protein factors, or humoral factors, the true player in mediating the health benefit of exercise? How do they orchestrate coordinated cellular, biochemical and molecular responses in their target tissues and organs in achieving the superb health benefits of regular exercise?

Those are the burning questions, Yan said.

And those that he intends to answer.
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Cognitive test is poor predictor of athletes' concussion | ScienceDaily
When college athletes are evaluated for a possible concussion, the diagnosis is based on an athletic trainer or team physician's assessment of three things: the player's symptoms, physical balance and cognitive skills.


						
Research published today suggests that almost half of athletes who are ultimately diagnosed with a concussion will test normally on the recommended cognitive-skills test.

"If you don't do well on the cognitive exam, it suggests you have a concussion. But many people who are concussed do fine on the exam," said Dr. Kimberly Harmon, the study's lead author. She is a professor of family medicine and section head of sports medicine at the University of Washington School of Medicine.

The study findings appear in JAMA Network Open.

Harmon said her sideline experiences as a team physician for the UW Huskies caused her to wonder how to accurately interpret the cognitive-screening portion of the Sport Concussion Assessment Tool (SCAT). Introduced in 2004 by the Concussion in Sport Group, the SCAT (now in its fifth iteration, SCAT5) was intended to standardize the gathering of information from athletes with a potential head injury.

The SCAT first prompts an athlete about whether they are experiencing any of 22 symptoms such as headache, nausea or blurred vision, and symptom severity. Then the tool tests the athlete's cognition in several ways.

First come questions of orientation. (What day is it? What month is it?) Then a test of immediate memory, in which a list of 10 words is read aloud to the athlete, who is asked to restate the list. This sequence is repeated three times. Then the athlete's concentration is tested by having to repeat short sequences of numbers in reverse order. Then comes a prescribed evaluation of the athlete's balance, after which the athlete is again asked to recall the 10 words from the first list.




In Harmon's experience as a team physician, she saw that "some people were concussed and they did well on the recall tests. Some people weren't concussed and they didn't do well. So I thought we should study it," she said.

The study involved 92 NCAA Division I athletes who sustained a concussion between July 13, 2020, and Dec. 31, 2022, and who had a concussion evaluation within 48 hours. The investigators also recruited 92 of the concussed players' teammates as matched control subjects, each of whom was given the SCAT5 screening within two weeks of the incident concussion.

All athletes in the study had previously completed NCAA-required baseline concussion screenings. The investigators found no significant differences in baseline scores between the athletes with and without concussion.

Harmon and colleagues analyzed the study participants' SCAT5 responses and found that the word-recall tests had little predictive value for concussion. In fact, almost half (45%) of the concussed athletes performed at or above their baseline cognitive-test results, the researchers reported.

Instead, the study showed that the most accurate predictor of concussion were the athletes' responses to questions about their symptoms.

"If you get hit in the head and go to the sideline and say, 'I have a headache. I'm dizzy. I don't feel right,' I can say with pretty good assurance that you have a concussion," Harmon said. "I don't need to do any testing. The problem is that some athletes don't want to come out. They don't report their symptoms or may not recognize their symptoms. So then you need an objective, accurate test to tell you whether you can safely put the athlete back on the field. We don't have that right now."

During in-game evaluations for a concussion, team trainers and physicians must quickly synthesize the available evidence and make their best clinical judgment about a player's health. The responsibility for a safety-first decision, though, also lies in part with the athletes, the study's authors wrote:




"Although an increase in symptoms is highly suggestive of concussion, this relies on accurate reporting by the athlete who may not report symptoms because of a desire to return to play, a fear of letting teammates down, minimizing the seriousness of concussion, difficulty discerning symptoms, a delay in symptom development, or other reasons."

"We are still short of the holy grail, which is an objective test for concussion," Harmon said. "For now, this study shows how important it is for athletes to disclose their symptoms."

The study was funded in part by the Jack and Luellen Cherneski and the Chisholm Foundation.
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How the immune system goes awry during space travel and the implications for human aging on earth | ScienceDaily
As long as humans have been traveling into space, astronauts have experienced significant health effects from the extreme conditions of space flight, notably the reduction of gravity.


						
Two Buck scientists led a team that has revealed for the first time how the lack of gravity affects the cells of the immune system at single cell resolution. As co-senior authors, along with Christopher E. Mason, PhD of Weill Cornell Medical College, Associate Professor David Furman, PhD and Associate Professor Daniel Winer, MD, published in the June 11, 2020 issue of Nature Communications an extensive survey of how gravity affects immune cells, and the identification of "space nutraceuticals" to counter aberrant effects of microgravity on these cells.

"We show how simulated microgravity shapes immune cells and how the changes in force alter the cells' function at the single cell level," said Winer. "This level of resolution is new and exciting in understanding the effects of microgravity on cells."

Using cells in simulated microgravity, combined with data from space flight from astronauts and mice on the International Space Station, the researchers created a complete picture of how the different cells of the immune system in the peripheral blood are shaped by reduced gravity. These cells include lymphocytes and monocytes, which are the main players in immunity.

The study has potential implications for immune aging on Earth since the changes observed during aging resemble those captured during space travel.

The team additionally outlines a pathway for identifying compounds that can reverse the effects of near zero gravity, and demonstrates that one of the compounds, quercetin, shows promise for mitigating the damage caused by spaceflight and during normal aging on the ground.

"Our work provides a resource to better understand how and why the immune system changes in simulated microgravity and spaceflight," said Furman. "We also provide a way to develop countermeasures to maintain normal immunity under these harsh conditions."

Astronauts in low earth orbit, such as on the International Space Station, suffer from immune system problems, especially infections, latent viruses reactivating, and skin sensitivity. These reactions occur even on short-term spaceflights.




Previous studies using actual or simulated microgravity conditions have found impaired function of various immune cells. However, the fundamental mechanisms, genes, and pathways that explain immune dysfunction in microgravity were mostly unclear, the researchers said. They wanted to understand what was happening on a cellular level to explain the changes.

The team, led by the study's co-first authors Buck postdoctoral researcher Fei Wu, PhD and graduate student Huixun Du, examined in depth how 25 hours of simulated microgravity affects the human peripheral blood mononuclear immune system, using samples from 27 healthy human donors between the ages of 20 and 46. To simulate an environment with almost no gravity, the team grew the cells inside of a Rotating Wall Vessel, a device developed by NASA to simulate microgravity conditions.

To explore the changes caused by reduced gravity, the team used a number of techniques, including sequencing and super-resolution microscopy. They then validated their findings by comparing their data with other space studies done in humans and mice, including the JAXA (Cell-Free Epigenome study) mission, SpaceX's Inspiration 4 mission, NASA's Twins Study, and spleens from mice housed on the International Space Station.

"Interestingly, changes in mechanical forces appear to orchestrate immune cell function," said Winer, whose interest in studying space medicine grew from him delving into the emerging field of mechanoimmunology, or how environmental forces affect immune cell function. Parts of astroimmunology are related to mechanoimmunolgy, but it is proving its own as a new field, he said, paving the way to better understand how to help the immune system survive in space.

After unearthing several genes and biochemical pathways that are affected by microgravity, the team wanted to see if they could find any specific drugs or supplements that could protect the immune cells. To help them search, they used machine learning technology developed by Furman at the Buck, which can detect more than 2 million interactions between genes and different drugs and foods.

They identified dozens of potential compounds and chose one, the plant pigment quercetin (often found in red onions, grapes, berries, apples and citrus fruits among others) to explore further since it is widely available as an antioxidant and anti-aging supplement. Quercetin turned out to reverse approximately 70 percent of the changes caused by lack of gravity and protected the cells from reactive oxygen species excess.




"These findings define hallmarks of immune cell alteration in simulated microgravity, with correlation to spaceflight exposures in mice and humans," said Winer. "This work helps define avenues for future research in mechanoimmunology and astroimmunology and provides opportunities to develop countermeasures to maintain normal cellular function in space."

Furman adds that this publication sets the standard for how to analyze the physiological changes that accompany space travel. "This is the first comprehensive study that provides the scientific community worldwide with an atlas to understand human biology in this extreme condition," he says.

"The implications are huge, beyond humans in space," he adds. The researchers are excited to explore the parallel changes they are finding that occur in aging humans on the ground, and to use the knowledge to design interventions that can potentially reverse the immune dysfunction that accompanies aging.
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Would astronauts' kidneys survive a roundtrip to Mars? | ScienceDaily
The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.


						
The study, published in Nature Communications, is the largest analysis of kidney health in space flight to date and includes the first health dataset for commercial astronauts. It is published as part of a Nature special collection of papers on space and health.

Researchers have known that space flight causes certain health issues since the 1970s, in the years after humans first travelled beyond Earth's magnetic field, most famously during the first moon landing in 1969. These issues include loss of bone mass, weakening of the heart and eyesight, and development of kidney stones.

It is thought that many of these issues stem from exposure to space radiation, such as solar winds from the Sun and Galactic Cosmic Radiation (GCR) from deep space, that the Earth's magnetic field protects us from on Earth1. As most manned space flights take place in Low Earth orbit (LEO) and receive partial protection from Earth's magnetic field, only the 24 people who have travelled to the moon have been exposed to unmitigated GCR and only for a short time (6-12 days).

Nobody has studied what changes might be happening in the kidneys and other organs as a result of conditions that would be experienced during space travel beyond Earth's magnetic field over longer periods.

In this Wellcome, St Peters Trust and Kidney Research UK (KRUK) funded study, a UCL-led team of researchers from over 40 institutions across five continents conducted a range of experiments and analyses to investigate how the kidneys respond to space flight.

This included biomolecular, physiological and anatomical assessments using data and samples from 20 study cohorts. This included samples from over 40 Low Earth orbit space missions involving humans and mice, most of which were to the International Space Station, as well as 11 space simulations involving mice and rats.




Seven of these simulations involved mice exposed to simulated GCR doses equivalent to 1.5-year and 2.5-year Mars Missions, mimicking space flight beyond Earth's magnetic field.

The results indicated that both human and animal kidneys are 'remodelled' by the conditions in space, with specific kidney tubules responsible for fine tuning calcium and salt balance showing signs of shrinkage after less than a month in space. Researchers say the likely cause of this is microgravity rather than GCR, though further research is required to determine if the interaction of microgravity and GCR can accelerate or worsen these structural changes.

The primary reason that kidney stones develop during space missions had previously been assumed to be solely due to microgravity-induced bone loss that leads to a build-up of calcium in the urine. Rather, the UCL team's findings indicated that the way the kidneys process salts is fundamentally altered by space flight and likely a primary contributor to kidney stone formation.

Perhaps the most alarming finding, at least for any astronaut considering a three-year round trip to Mars, is that the kidneys of mice exposed to radiation simulating GCR for 2.5 years experienced permanent damage and loss of function.

Dr Keith Siew, first author of the study from the London Tubular Centre, based at the UCL Department of Renal Medicine, said: "We know what has happened to astronauts on the relatively short space missions conducted so far, in terms of an increase in health issues such as kidney stones. What we don't know is why these issues occur, nor what is going to happen to astronauts on longer flights such as the proposed mission to Mars.

"If we don't develop new ways to protect the kidneys, I'd say that while an astronaut could make it to Mars they might need dialysis on the way back. We know that the kidneys are late to show signs of radiation damage; by the time this becomes apparent it's probably too late to prevent failure, which would be catastrophic for the mission's chances of success."

The authors say that though the results identify serious obstacles to a Mars mission, it is necessary to identify problems before solutions can be developed.




Professor Stephen B. Walsh, senior author of the study from the London Tubular Centre, UCL Department of Renal Medicine, said: "Our study highlights the fact that if you're planning a space mission, kidneys really matter. You can't protect them from galactic radiation using shielding, but as we learn more about renal biology it may be possible to develop technological or pharmaceutical measures to facilitate extended space travel.

"Any drugs developed for astronauts may also be beneficial here on Earth, for example by enabling cancer patients' kidneys to tolerate higher doses of radiotherapy, the kidneys being one of the limiting factors in this regard."

Though the study only describes what happens to the kidneys up to two and a half years, it is the most comprehensive data available for the time being.
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Depressive symptoms may hasten memory decline in older people | ScienceDaily
Depressive symptoms are linked to subsequent memory decline in older people, while poorer memory is also linked to an increase in depressive symptoms later on, according to a new study led by researchers at UCL and Brighton and Sussex Medical School.


						
The study, published in JAMA Network Open, looked at 16 years of longitudinal data from 8,268 adults in England with an average age of 64.

The researchers concluded that depression and memory were closely interrelated, with both seeming to affect each other.

Senior author Dr Dorina Cadar, of the UCL Department of Behavioural Science & Health and Brighton and Sussex Medical School, said: "It is known that depression and poor memory often occur together in older people, but what comes first has been unclear.

"Our study shows that the relationship between depression and poor memory cuts both ways, with depressive symptoms preceding memory decline and memory decline linked to subsequent depressive symptoms.

"It also suggests that interventions to reduce depressive symptoms may help to slow down memory decline."

Lead author Jiamin Yin, who graduated from UCL and is now a doctoral student at the University of Rochester, New York, said: "These findings underscore the importance of monitoring memory changes in older adults with increasing depressive symptoms to identify memory loss early and prevent further worsening of depressive function.




"Conversely, it is also critical to address depressive symptoms among those with memory decline to protect them from developing depression and memory dysfunction."

The research team suggested that depression might affect memory due to depression-related changes in the brain. These include neurochemical imbalances (e.g. lower levels of serotonin and dopamine), structural changes in regions involved in memory processing, and disruptions to the brain's ability to re-organise and form new connections.

The team said that memory impairments also might arise from psychological factors such as rumination -- that is, repetitive thinking or dwelling on negative feelings.

On the other hand, people experiencing memory lapses or difficulties in retaining new information can lead to frustration, loss of confidence, and feelings of incompetence, which are common triggers for depressive episodes. Memory impairment may also disrupt daily functioning and social interactions, leading to social isolation potentially triggering depressive symptoms.

Dr Cadar added: "Depression can cause changes in brain structures, such as the hippocampus, which is critical for memory formation and retrieval. Chronic stress and high levels of cortisol associated with depression can damage neurons in these areas. However, a further understanding of mechanisms linking memory decline and depression is crucial for developing targeted interventions aimed at improving mood and slowing cognitive decline in individuals with depression and memory impairment."

For this study, the researchers looked at data from the English Longitudinal Study of Ageing (ELSA), in which a nationally representative population sample in England answers a wide range of questions every two years.




People who started with higher depressive symptoms were more likely to experience faster memory decline later, while those who started with poorer memory were more likely to experience a later increase in depressive symptoms.

In addition, participants who experienced more of an increase in depressive symptoms during the study were more likely to have a steeper memory decline at the same time, and vice versa -- those who had a steeper memory decline were more likely to have a sharper increase in depressive symptoms.

The same pattern was not found for verbal fluency. While less verbal fluency was linked to more depressive symptoms at the start of the study, changes in one did not predict later changes in the other.

The researchers accounted for a range of factors that might have affected the results, such as physical activity and life-limiting illness. As an observational study, the researchers noted, it could not establish causality.

The study and its authors received support from the National Institute on Aging, the Economic and Social Research Council (ESRC), the National Institute for Health and Research (NIHR), Alzheimer's Society UK, and Alzheimer's Research UK.
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Shedding light on the origin of a genetic variant underlying fungal infections | ScienceDaily
Fungal infections pose life-threatening risks, especially when vital organs or the central nervous system are affected. Individuals harboring variants in the CARD9 gene are particularly susceptible to invasive fungal infections, given that the protein coded by this gene serves as a critical regulator of the immune system. A recent discovery by Tokyo Medical and Dental University (TMDU) researchers suggests that a specific variant of CARD9 prevalent across northern China, Korea, and Japan may have originated from a common ancestor.


						
In their study published on 17 May 2024 in the Journal of Clinical Immunology, the researchers from TMDU conducted genetic analyses on Japanese and Korean patients who suffered from severe or recurring fungal infections. Their goal was to shed light on the genetic and clinical traits of individuals affected by CARD9 deficiency in East Asia.

The study included a total of five patients who were deficient for CARD9. Among them, two Japanese patients were newly identified as carriers of biallelic variants of CARD9 via DNA sequencing conducted by the research team, prompted by their medical history of fungal infections. Notably, both of these patients, along with three other patients who had previously been investigated, two Korean and one Japanese, were identified as carriers of a CARD9 variant called c.820dup.

"The global distribution of CARD9 deficiency is biased, with high incidence in North Africa, the Middle East, and China. Notably, the distribution of CARD9 variants is also biased, with the c.820dup variant being relatively common in China," explains Prof. Hirokazu Kanegane, the lead researcher of the study.

The fact that all five patients shared the same variant caught the researchers' attention. They hypothesized that this scenario could be explained by the "founder effect," where a variant becomes common in a population that originated from a small group of ancestors. To verify their hypothesis, the researchers performed haplotype analyses. Put simply, they examined groups of genes that are inherited together from a parent (haplotypes) to determine whether these genes were identical among the five patients and matched previously sequenced haplotypes from Chinese CARD9-deficient patients.

Interestingly, they found strong evidence suggesting that all haplotypes containing the c.820dup variant were exactly the same. With further statistical genetic analyses, the researchers estimated the age of the c.820dup variant itself, which turned out to be between 2,000 and 4,000 years. Remarkably, the estimated variant's age and its distribution in Japan, Korea, and China are perfectly in line with the history of the East Asia region. "Modern Japanese and Koreans are believed to have a genetic background originating from northern China. During the late Neolithic to the Bronze Age, the migration of people from northern China to Korea and Japan spread rice and language. The origins of the variant identified in this study are consistent with this historical period," remarks Prof. Kanegane. "We thus conclude that this variant originates from a common ancestor, estimated to have lived less than 4,000 years ago."

Additionally, although the variant observed was the same, the clinical presentation of patients from Japan and Korea differed from that of Chinese patients according to medical records. More specifically, Chinese patients often suffered from black mold infections caused by the genus Phialophora, whereas none of the five patients from Japan and Korea exhibited such infections. The researchers ascribed this discrepancy to environmental factors, possibly related to the more rural lifestyle in northern China.

Together, the findings of this interdisciplinary study make important contributions to our knowledge of anthropology, genetics, and medicine, and shed light on how genetic variants can propagate across different regions and through generations.
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Researchers reveal new pathway to improve traumatic brain injury outcomes | ScienceDaily
A team of Australia's leading health researchers has developed a new 'dictionary' to better predict outcomes for people who have experienced a moderate-severe traumatic brain injury (TBI).


						
The Australian Traumatic Brain Injury Initiative (AUS-TBI) is a consortium of academics, researchers and healthcare professionals from institutions across the country.

Working together to understand the factors which could be used to predict outcome following TBI in a study supported by the Australian Medical Research Future Fund Mission for TBI, the team examined factors related to social support, health, clinical care, biological markers, acute interventions, and longer-term outcomes.

Published across eight articles in a special edition of the Journal of Neurotrauma, this work culminated in a Single Data Dictionary: a master list of information that if collected would give the best chance at understanding how a person will recover from their brain injury.

Consortium lead and Curtin University Deputy Vice-Chancellor, Research Professor Melinda Fitzgerald said predicting each individual's outcome following a TBI was critical -- but also very difficult.

"The rate and degree of recovery after moderate-severe TBI varies greatly, due in part to the complex and diverse nature of these injuries," Professor Fitzgerald said.

"Despite decades of empirical research, prediction of outcomes after TBI for individual patients remains imprecise: we have only partial understanding of what it is about the person, their injury, their environment, or their care that moderates and/or determines the multiple outcomes that contribute to their quality of life.




"At present, there is no indicator or group of indicators that can sufficiently predict treatment outcome or responsiveness to allow for personalised acute care and rehabilitation for patients with TBI."

To create the Single Data Dictionary, the AUS-TBI team examined thousands of published research articles reporting factors which may impact a person's recovery, such as their medical history, social contexts, biological markers, level of personal support, effectiveness of treatment and more.

The team also consulted extensively with people who have lived experience of TBIs, including an Aboriginal and Torres Strait Islander Advisory Group, to develop the Single Data Dictionary of predictive markers alongside guidelines on how to collect them in a coordinated, culturally sensitive national approach.

Co-author Dr Sarah Hellewell, from Curtin's Faculty of Health Sciences, Curtin Health Innovation Research Institute and the Perron Institute, said providing personalised care to ensure the best outcomes for patients was critical, as TBIs are often catastrophic and have lifelong impact on patients, their families, workplaces, the criminal justice system and society as a whole.

"Severe TBI has a mortality rate of 30-40 per cent, less than 50 per cent of patients achieve long-term independence and new injuries add $2 billion in lifetime direct costs to the Australian healthcare system each year," Dr Hellewell said.

"Between 2006 and 2015, there was no change in survival or functional outcomes following TBI, proving the need for better, targeted management strategies to reduce mortality and improve quality of life for these individuals and reduce negative impacts on families and society."

Organisations also involved in the consortium include the Perron Institute, Telethon Kids Institute, Monash University, Griffith University, Deakin University, University of Sydney, University of Queensland, University of Adelaide, University of Melbourne, University of Newcastle, Synapse, Hunter Medical Research Institute, John Hunter Hospital, Brightwater Care Group, The Children's Hospital at Westmead and Epworth HealthCare.
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Detecting early linguistic signs of dementia by studying the natural speech of seniors | ScienceDaily
A study led by linguists from the Department of English, Linguistics and Theatre Studies (ELTS) at the NUS Faculty of Arts and Social Sciences (FASS) has found that early linguistic signs of dementia can be detected through the study of the natural speech of senior Singaporeans.


						
This groundbreaking study, conducted together with researchers from the NUS Yong Loo Lin School of Medicine (NUS Medicine), compared the natural speech of cognitively healthy persons with those suffering from mild cognitive impairment (MCI) to detect linguistic markers of dementia. It revealed that those with memory-related MCI spoke less and produced fewer, but more abstract, nouns -- a speech pattern that is consistent with patients diagnosed with Alzheimer's disease, a specific type of dementia.

The study's principal investigator, NUS Department of ELTS Professor Bao Zhiming, noted that Singapore provides a unique environment for this research given the varied use of languages here, with four official languages and a blend of various dialects. He added, "Previous studies had analysed targeted and smaller volumes of language data through word-based fluency tests, structured interviews and picture narrations. Our study has never been done before as it focused on unstructured and spontaneous speech that is easy to collect and analyse."

Team member, Yeo Boon Khim Mind Science Centre (YBK MSC) Advisory Board Member and NUS Medicine's psychiatrist Emeritus Professor Kua Ee Heok, said, "There is an urgent need for innovative strategies to combat the rising rate of dementia in Singapore given our rapidly aging population. As research data for this study were taken from participants of a broader YBK MSC research project known as the Community Health Intergenerational (CHI) Study, led by Dr Rathi Mahendran, the findings will ultimately contribute to the CHI study's goal of identifying at-risk seniors and implementing interventions that can help the elderly age well."

The study was published in the journal Alzheimer's & Dementia: Diagnosis, Assessment and Disease Monitoring on 18 April.

Compiling and analysing natural speech data 

The team obtained natural speech data from 148 elderly Singaporeans in their 60s and 70s -- half of them were cognitively healthy (individuals who have the ability to think clearly, learn and remember) while the other half of the participants had MCI.




Out of the 74 subjects with MCI, 38 had been diagnosed with amnestic MCI (MCI that affects the memory) while 36 had been diagnosed with non-amnestic MCI (MCI that affects thinking skills other than memory). Amnestic MCI carries a higher risk of conversion to Alzheimer's disease while non-amnestic MCI is linked to a higher risk of conversion to other types of dementia such as Lewy Body Dementia. Overall, an estimated 10 to 20 per cent of people aged 65 or older with MCI go on to develop dementia.

Participants were instructed to speak about any topic in English for 20 minutes with minimal involvement from interviewers and these were recorded with simple digital voice recorders in an ordinary office setting. Topics varied freely and widely, ranging from work and retirement to family life and public affairs.

The recordings yielded 267,310 words which were then transcribed and then tagged as noun or verb using a Part-of-Speech tagger software. The team then calculated the per-minute word counts and concreteness scores of all tagged words.

Early signs of dementia detected in people with amnestic MCI

Findings revealed that participants with amnestic MCI spoke less, produced fewer and more abstract nouns than people with non-amnestic MCI and the healthy controls. Verbs were not affected. A problem with imageability, which is the degree to which a word's meaning evokes a mental image, was detected in natural everyday speech by people with amnestic MCI.

Dr Luwen Cao, also from the NUS Department of ELTS, said, "Our findings are a significant breakthrough as traditional diagnoses of dementia are done following a battery of neuropsychological and neurological tests. The study of natural speech to detect linguistic signs of early cognitive decline is a reliable, non-invasive and cost-effective tool that could possibly help medical practitioners in the early diagnosis, intervention and management of the progressive disease."

Moving forward, the team plans to work with the neurologists at the YBK MSC to device language-based intervention strategies to address the language difficulties experienced by people with amnestic MCI.

Prof Bao said, "Ultimately, our research aims to contribute to healthy aging in Singapore. Singapore is aging fast; a quarter of Singaporeans are over 60 years old. By exploring innovative diagnostic tools and intervention strategies, we hope to improve the quality of life for older adults and reduce the burden on healthcare systems. Our work is one step towards ensuring that our aging population enjoy longer, healthier lives."
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Reading pleasure and pain from the brain | ScienceDaily
A team of researchers led by LEE Soo Ahn and WOO Choong-Wan at the Center for Neuroscience Imaging Research (CNIR) within the Institute for Basic Science (IBS), in collaboration with CHOI Myunghwan at Seoul National University and Tor D. WAGER at Dartmouth College, has revealed how the brain processes emotional information of sustained pain and pleasure.


						
Using functional Magnetic Resonance Imaging (fMRI), the team recorded brain activity while participants experienced sustained pain and pleasure induced by capsaicin and chocolate fluids. Through sophisticated machine learning techniques, they unraveled the brain activity patterns that encode pleasant or unpleasant emotions and the magnitude of sustained pain and pleasure.

Although pain and pleasure are opposite experiences, they are intricately connected. Previous studies have suggested a set of brain regions that respond to both pain and pleasure. However, most previous studies have been conducted on animals rather than humans, and studies that directly compared the brain representations of pain and pleasure within the same individuals are still lacking.

In this study, the research team conducted an experiment that induced sustained pain and pleasure to participants in the MR scanner, by delivering capsaicin and chocolate fluids. While experiencing sustained pain and pleasure, participants reported moment-by-moment changes in subjective pleasantness and unpleasantness. The participants' subjective reports of pleasantness and unpleasantness gradually increased and persisted during the capsaicin and chocolate fluids deliveries and decreased after the deliveries ended. By inducing dynamic changes in sustained pain and pleasure, the team aimed to identify the brain regions activated by both experiences.

The research team collected the brain imaging data and moment-by-moment changes in pleasantness or unpleasantness ratings from 58 participants. The team utilized machine learning techniques to analyze the brain data, and they identified a set of brain regions that responded to both sustained pain and pleasure. Based on the brain activity patterns of these common brain regions, the team developed two predictive models to capture (1) the magnitude of affective experiences regardless of how pleasant or unpleasant they are (i.e., 'affective intensity') and (2) the magnitude of pleasantness or unpleasantness (i.e., 'affective valence').

The researchers found that these models successfully predicted the affective intensity and valence information of sustained pleasure and pain, from both the 58 individuals in the training dataset and 61 new individuals in the independent test dataset. The activity patterns predictive of the affective intensity and valence were spatially distinguishable, and these patterns were connected to distinct functional brain networks. This suggests that the affective intensity and valence information represent multiple aspects of brain mechanisms underlying pain-pleasure interaction.

"While there have been separate lines of studies on pain and pleasure, research comparing the experiences of both pain and pleasure within the same individuals has been rarely conducted," stated Dr. WOO Choong-Wan, associate director of IBS, who led the study. "The brain activity patterns for affective valence and intensity can contribute to the understanding of how pain and pleasure interact, as well as the brain mechanisms underlying depression commonly observed in chronic pain patients."

LEE Soo Ahn, a doctoral candidate and the first author of this study, emphasized, "These results demonstrate that pain and pleasure share the same underlying emotional information on pleasantness and unpleasantness," adding, "We should focus on the fact that affective valence and intensity information can be represented across multiple brain regions."
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Shaping nanoparticles with enzymes | ScienceDaily
The selective bond-breaking powers of enzymes bring new versatility for building nanoparticles with a wide range of technical and medical potential.


						
Researchers at Hokkaido University have developed a new and more adaptable method for creating nanoparticles of finely controlled size. Their 'bio-catalytic nanoparticle shaping' (BNS) procedure, published in the journal Nanoscale Horizons, should greatly assist the production of a variety of nanoparticles for use in technology and medicine.

"One of the most promising applications is for creating assemblies of nanoparticles called quantum dots, which are small enough for their properties to be influenced by subtle quantum mechanical effects," says Associate Professor Yuta Takano, the leader of the Hokkaido team. Takano and colleagues collaborated on the work with researchers at the University of Melbourne in Australia.

The method uses enzymes to cut specific chemical bonds in molecular assemblies that have been made by linking together small organic (carbon-based) molecules, inorganic materials, or mixed organic and inorganic components. A variety of natural and readily-obtained enzymes can cut the linker sections of the original larger structures into nanoparticles of various desired sizes and shapes.

Varying the linkers and the core components held together by the linkers allows a range of different nanoparticles to be created, each with differing chemical and physical properties and differing sizes.

The researchers made several types of nanoparticles to demonstrate the potential of their technique. One example formed quantum dots whose optical and electronic properties could be useful in technological applications including molecular computation, high density data storage devices, photocatalysis and solar cells.

They also explored nanoparticles with chemical effects that could potentially be used to kill cancer cells or specific disease-causing bacteria. Another feasible medical application is to attach drugs to the nanoparticles, allowing them to achieve targeted drug delivery directly to the specific sites of disease.

"The potential of the bio-catalytic nanoparticle approach is enormous," concludes Takano, "drawing on the chemical variability and power of naturally available enzymes opens a whole new area of opportunity in nanoparticle design and production."

Takano has filed a patent application as the inventor of the new technique.

The researchers will now continue their exploration of this exciting new frontier, expanding the possibilities themselves while hopefully also encouraging other teams to pick up on the concept and develop their own ideas. They hope to eventually see bio-catalytic approaches commercialized and being exploited in many areas of research, technology and medicine.
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We spend more with cashless payments | ScienceDaily
A study by researchers from the University of Adelaide has found that when using cashless methods of payment, individuals tend to spend more when purchasing.


						
University of Adelaide PhD Student Lachlan Schomburgk, who led the study, says the research found support for the existence of a positive "cashless effect," which is when consumers spend more when using cashless payment methods in comparison to cash.

The study suggests the cashless effect leads people to spend more when purchasing products that are typically used to signal status, such as jewellery. However, the effect was not observed when donating or tipping.

"Against our expectations, we found that cashless payments do not necessarily lead to greater tips or donations, in comparison to cash," says Schomburgk, who conducted the study with the University of Adelaide's Professor Arvid Hoffmann and Dr Alex Belli from the University of Melbourne.

"This indicates that traditional cash-based ways of collecting money, such as tipping jars and spiral wishing wells, are just as effective as cashless point-of-sale terminals to collect tips or donations."

Schomburgk says consumers should be mindful of the payment method they use to pay for goods or services, as this could help them spend less -- especially important in the current cost-of-living crisis.

"To prevent spending more than planned, we recommend consumers carry cash instead of cards whenever they can, as it acts as a self-control method," Schomburgk says.




"When using cash, people physically count and hand over notes and coins, making the act of spending more salient. If nothing is physically handed over, it's easy to lose track of how much is spent.

"The transition towards a cashless society seems almost inevitable. I believe this research is crucial because it shines a light on an overlooked aspect of this transition: how payment methods influence our spending behaviour. This understanding can help empower us to make more informed purchasing decisions."

The study, which was published in the Journal of Retailing, also provides useful insights for businesses and policymakers.

"Businesses should be aware that if they fail to embrace the cashless revolution, they might be unintentionally jeopardising their revenue potential," Schomburgk says.

"And policymakers should communicate to individuals unfamiliar with cashless transactions, such as people who don't have bank accounts, about the potential of cashless methods to lead to overspending."

Schomburgk says further research is important, with technological advancements giving rise to newer payment methods.




"Both buy-now-pay-later services and cryptocurrency payments have some unique features that are likely to have an interesting influence on payment behaviour," Schomburgk says.

"Given their novelty, there is currently limited academic research on both, which is where I believe future research is needed."

This research was conducted by analysing 71 published and unpublished research papers from 17 countries, including data from more than 11,000 unique participants.

"Through this meta-analysis, we identified key factors that make the cashless effect stronger or weaker, which individual studies could not find. By doing this, we uncovered new insights that had often been overlooked by other researchers in individual studies," Schomburgk says.
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Promising role of antidiabetic drug in cancer control | ScienceDaily
Flinders University researchers have analysed how an antidiabetic treatment could help control the growth of tumours, potentially paving the way for the design of better cancer treatments.


						
The new study investigated what happens when metformin, a type 2 diabetes medication, is used to treat colorectal cancer cells, in the process demonstrating that it could be exploited to develop new cancer therapies.

Previous epidemiology studies show that taking metformin helps protect diabetes patients from developing some forms of cancer including bowel, or colorectal, cancer.

The Flinders' researchers sought to understand how taking metformin medication impacts cancer cells and how this could help with future cancer treatments.

"Using the latest techniques, we analysed how metformin helps to stop colorectal cancer cells from growing and multiplying by controlling certain 'pathways' inside the cells that help to regulate growth and division," says lead author Dr Ayla Orang from Flinders University's College of Medicine and Public Health.

"Importantly, our work has pinpointed that metformin uses small pieces of RNA (called microRNAs) to act as a 'circuit breaker' and turn off certain genes that are involved in cell growth and division, so it is possible that our findings could eventually be used to develop a new targeted cancer therapy.

"In particular, we found that metformin increases the levels of certain microRNAs, like miR-2110 and miR-132-3p, which then target specific genes and slow down the growth and progression of tumours.




"With this information we may be able to develop RNA-based therapies -- new treatments for cancer that target RNA molecules (like microRNAs)," she says.

The research, Restricting Colorectal Cancer Cell Metabolism with Metformin: An Integrated Transcriptomics Study, used advanced techniques to study microRNAs, and the entire set of genes being expressed in the colon cancer cells, to help understand how metformin affects the cells.

Metformin increased the levels of certain microRNAs (miR-2110 and miR-132-3p) that target a specific gene (PIK3R3).

This process helps to slow down the growth of cancer cells and stop them from multiplying too quickly. Another gene (STMN1) was also targeted by different microRNAs, which led to slower cell growth and a delayed cell cycle.

Senior authors of the study, Associate Professor Michael Michael and Professor Janni Petersen say the results are a step forward in our understanding of the way metformin disrupts cancer cell growth and how they could be used to fight cancer.

"Our research provides new insights into the molecular mechanisms of how metformin works, and how we might be able to target genes responsible for turning normal cells cancerous," says Associate Professor Michael.

"This is important because it shows the potential of metformin as a preventive agent for reducing the growth of cancer in the bowel, and the emergence of RNA therapeutics as a promising new avenue for exploring the clinical efficacy of these findings.

"We need to further investigate the potential therapeutic benefits of targeting specific miRNAs or pathways using RNA-based therapies for the treatment of cancer.

Having used metformin to unravel metabolism in cancer cells, the next stage of research is focusing on specific cell pathways, which should lead to animal studies and then human clinical trials."
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New insights on polymicrobial infections in chronic lung diseases | ScienceDaily
Chronic lung diseases are often accelerated and exacerbated by polymicrobial infections. An international study team led by MedUni Vienna has identified two types of these so-called dysbioses in cystic fibrosis. They display distinct ecology and are also likely to respond differently to treatment. The study was published in the journal Nature Communications.


						
Chronic lung diseases such as COPD, asthma or cystic fibrosis affect many people worldwide. In 2019, 454.6 million cases were registered worldwide. These diseases display a progressive loss of lung function and are associated with a high mortality rate. Polymicrobial infections of the respiratory tract, in which bacterial communities persist in the lungs for long time, constitute a major risk factor and are difficult to treat. These infections are often associated with recurrent, acute worsening of symptoms (exacerbations, "PEx"), which have a negative impact on the course of the disease.

A recent study led by Stefanie Widder from MedUni Vienna in collaboration with colleagues led by John J. LiPuma from the University of Michigan Medical School Ann Arbor has focused on the characterization of disease-associated bacterial communities ("dysbioses") in subjects with cystic fibrosis and investigated their ecological networks. The aim was to develop hypotheses that enable the development of more precise treatment strategies for people with chronic lung diseases.

Two different types of dysbiosis

To this end, sputum samples (mucus expectorated from the lung) were collected from people with cystic fibrosis over an extended period of time, sequenced and then analyzed using computational models by Stefanie Widder (Department of Medicine I, Division of Infection Biology, MedUni Vienna). Two antagonistic types of dysbiosis were discovered, which differ fundamentally in their organization: they either form hierarchical or stochastic networks. The structural differences of the microbiota have far-reaching consequences: Based on the sequencing data, it was shown that important pathogens such as Pseudomonas aeruginosa or Staphylococcus aureus only served as drivers of infection if located on top of the microbial hierarchy. In less structured microbiota, they showed more random dynamics, suggesting that they might be less decisive for the course of the infection.

Computer model predicts different responses to treatments

Moreover, the two types of dysbiosis are likely to respond differently to treatments. A simplified computer model that simulated the effect of antimicrobial drugs on pathogens predicted better efficacy with hierarchically organized microbiota. Both aspects are very relevant for patients and their medical care teams: "Our study reveals a data-based, causal relationship between PEx, microbial ecology and treatment success," explains study leader Stefanie Widder, "the findings form an important basis for further translational research into personalized management of dysbiosis, both in cystic fibrosis and in other obstructive pulmonary diseases."
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'Self-taught' AI tool helps to diagnose and predict severity of common lung cancer | ScienceDaily
A computer program based on data from nearly a half-million tissue images and powered by artificial intelligence can accurately diagnose cases of adenocarcinoma, the most common form of lung cancer, a new study shows.


						
Researchers at NYU Langone Health's Perlmutter Cancer Center and the University of Glasgow developed and tested the program. They say that because it incorporates structural features of tumors from 452 adenocarcinoma patients, who are among the more than 11,000 patients in the United States National Cancer Institute's Cancer Genome Atlas, the program offers an unbiased, detailed, and reliable second opinion for patients and oncologists about the presence of the cancer and the likelihood and timing of its return (prognosis).

The research team also points out that the program is independent and "self-taught," meaning that it determined on its own which structural features were statistically most significant to gauging the severity of disease and had the greatest impact on tumor recurrence.

Publishing in the journal Nature Communications online June 11, the study program, also called an algorithm, or specifically, histomorphological phenotype learning (HPL), was found to accurately distinguish between similar lung cancers, adenocarcinoma and squamous cell cancers, 99% of the time. The HPL program was also found to be 72% accurate at predicting the likelihood and timing of cancer's return after therapy, bettering the 64% accuracy in the predictions made by pathologists who directly examined the same patients' tumor images, researchers say.

"Our new histomorphological phenotype learning program has the potential to offer cancer specialists and their patients a quick and unbiased diagnostic tool for lung adenocarcinoma that, once further testing is complete, can also be used to help validate and even guide their treatment decisions," said study lead investigator Nicolas Coudray, PhD, a bioinformatics programmer at NYU Grossman School of Medicine and Perlmutter Cancer Center.

"Patients, physicians, and researchers know they can rely on this predictive modeling because it is self-taught, provides explainable decisions, and is based only on the knowledge drawn specifically from each patient's tissue, including such features as its proportion of dying cells, tumor-fighting immune cells, and how densely packed the tumor cells are, among other features," said Coudray.

"Lung tissue samples can now be analyzed in minutes by our computer program to provide fairly accurate predictions of whether their cancer will return, predictions that are better than current standards of care for making a prognosis in lung adenocarcinoma," said study co-senior investigator Aristotelis Tsirigos, PhD. Tsirigos is a professor in the Departments of Pathology and Medicine at NYU Grossman School of Medicine and Perlmutter Cancer Center, where he also serves as co-director of precision medicine and director of its Applied Bioinformatics Laboratories.




Tsirigos says that thanks to such tools and other advances in the lung cancer biology, pathologists will be examining tissue scans on their computer screens, and less and less on microscopes, and then using their AI program to analyze the image and produce its own image of the scan. The new image, or "landscape," they add, will offer a detailed breakdown of the tissue's content. It might note, for example, that there is 5% necrosis and 10% tumor infiltration and what that means in terms of survival. That reading may statistically equate to an 80% chance of remaining cancer-free for two years or more, based on information from all the patient data in the program.

To develop the HPL program, the researchers first analyzed lung adenocarcinoma tissue slides from the Cancer Genome Atlas. Adenocarcinoma was chosen for the test model because the disease is known for characteristic features. As an example, they note that its tumor cells tend to group in so-called acinar, or saclike patterns and spread predictably along the surface lining of lung cells.

From their analysis of the slides, whose visual images were digitally scanned and broken into 432,231 small quadrants or tiles, researchers found 46 key characteristics, what they term histomorphological phenotype clusters, from both normal and diseased tissue, a subset of which were statistically linked to either cancer's early return or to long-term survival. The findings were then confirmed by further and separate testing on tissue images from 276 men and women who were treated for adenocarcinoma at NYU Langone from 2006 to 2021.

Researchers say their goal is to use the HPL algorithm to assign to each patient a score between 0 and 1 that reflects their statistical chance of survival and tumor recurrence for up to five years. Because the program is self-learning, they stress HPL will become increasingly more accurate as more data is added over time. To build public trust, researchers have posted their programming code online and have plans to make the new HPL tool freely available upon completion of further testing.

Characteristics linked to tumors recurring included high tile percentages of dead cancer cells and tumor-fighting immune cells called lymphocytes, and the dense clustering of tumor cells in the outer linings of the lungs. Features tied to increased likelihood for survival were high percentages of unchanged or preserved lung sac tissue, and lack of or mild presence of inflammatory cells.

Tsirigos says the team next plans to look at developing HPL-like programs for other cancers, such as breast, ovarian, and colorectal, that are similarly based on distinctive and key morphological features and additional molecular data. The team also has plans to expand and improve the accuracy of the current adenocarcinoma HPL program by including other data from hospital electronic health records about other illnesses and diseases, or even income and home ZIP code.

Funding support for the new study was provided by National Institutes of Health grant P30CA016087, United Kingdom Research Council grants Ep/R018634/1 and BB/V016067/1, and European Union Horizon 2020 grant no. 101016851.

Besides Tsirigos and Coudray, other NYU Langone researchers involved in this study are Anna Yeaton, Bojing Liu, Hortense Le, Luis Chiriboga, Afreen Karimkhan, Navneet Natula, Christopher Park, Harvey Pass, and Andre Moreira. Study co-lead investigator Adalberto Claudio Quiros, study co-investigators Xinyu Yang and John Le Quesne, and study co-senior investigator Ke Yuan are all at the University of Glasgow, UK. Study co-investigator David Moore is at the University College London, UK.
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Gene that helps cancer cells spread throughout the body | ScienceDaily
Expression of Gstt1 enables the cells to change the surrounding environment to support their growth. The findings could lead to new strategies to treat metastatic cancer and would be particularly impactful for patients with pancreatic cancer.


						
Metastatic cancer cells, which cause 90% of cancer-related deaths, must overcome numerous hurdles to spread from a primary tumor through the bloodstream and re-establish themselves in different tissues.

A new study led by investigators from the Mass General Cancer Center has identified a gene whose expression confers a growth advantage to these cells.

Mechanistically, the gene's expression allows metastatic cancer cells to cause changes to their surrounding environment so that they can grow in new locations in the body. The findings are published in Nature Cell Biology.

"Our results point to potentially novel therapeutic avenues to specifically target metastatic cancer," said senior author Raul Mostoslavsky, MD, PhD who is the scientific director of the Krantz Family Center for Cancer Research at the Mass General Cancer Center.

Mostoslavsky and colleagues first compared gene expression patterns in primary versus metastatic tumors in mice with pancreatic cancer or breast cancer. After identifying various genes whose expression increased in metastatic tumor cells, the researchers silenced each gene individually.

In these experiments, silencing the Gstt1 gene had no effect on primary tumor cells from mice, but it stripped metastatic cancer cells of their ability to grow and spread. It also blocked cell growth in two metastatic-derived human pancreatic cancer cell lines.

Gstt1 encodes an enzyme that is a member of a superfamily of proteins involved with protecting cells from toxins, among other functions. Mechanistic studies indicated that the Gstt1 enzyme causes metastatic cancer cells to modify and secrete a protein called fibronectin, which is important for helping cells to attach themselves to the extracellular matrix, a large network of proteins and other molecules that surround, support, and give structure to cells and tissues in the body.

"Gstt1 alters the matrix surrounding the metastatic cells so they can grow in these foreign niches," said Mostoslavsky. "Our results could lead to new strategies for the treatment of metastatic disease. This would be especially impactful for pancreatic cancer, in which most patients present with metastases when initially diagnosed."
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        NASA's Roman mission gets cosmic 'sneak peek' from supercomputers
        Researchers used supercomputers to create nearly 4 million simulated images depicting the cosmos.

      

      
        Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
        Engineers have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.

      

      
        Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley'
        Louisiana's southeastern corridor is sometimes known colloquially as 'Cancer Alley' for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.

      

      
        Laser tests reveal new insights into key mineral for super-Earths
        Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.

      

      
        To heal skin, scientists invent living bioelectronics
        Engineers have created a patch that combines sensors and bacteria to interact with the body.

      

      
        Researchers leverage inkjet printing to make a portable multispectral 3D camera
        Researchers have used inkjet printing to create a compact multispectral version of a light field camera. The camera, which fits in the palm of the hand, could be useful for many applications including autonomous driving, classification of recycled materials and remote sensing.

      

      
        Scientists adapt astronomy method to unblur microscopy images
        Researchers have adapted a class of techniques employed in astronomy to unblur images of far-away galaxies for use in the life sciences, providing biologists with a faster and cheaper way to get clearer and sharper microscopy images.

      

      
        Metal alloys that can take the heat
        Complex metal alloys enter a new era of predictive design for aerospace and other high-temperature applications.

      

      
        Robot radiotherapy could improve treatments for eye disease
        Researchers have successfully used a new robot system to improve treatment for debilitating eye disease.

      

      
        Quantum dots and metasurfaces: Deep connections in the nano world
        A team has developed printable, highly efficient light-emitting metasurfaces.

      

      
        Towards a new era in flexible piezoelectric sensors for both humans and robots
        Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in m...

      

      
        AI better detects prostate cancer on MRI than radiologists
        AI detects prostate cancer more often than radiologists. Additionally, AI triggers false alarms half as often. This was a large-scale study where an international team transparently evaluated and compared AI with radiologist assessments and clinical outcomes.

      

      
        Breakthrough in next-generation memory technology!
        Scientists maximize the efficiency of hafnia-based ferroelectric memory devices.

      

      
        Uncovering the nature of emergent magnetic monopoles
        To understand the unique physical phenomena associated with the properties of magnetic hedgehogs and antihedgehogs, which behave as virtual magnetic monopoles and antimonopoles respectively, it is essential to study their intrinsic excitations. In a new study, researchers revealed the dynamical nature of collective excitation modes in hedgehog lattices in itinerant chiral magnets. Their findings serve as the foundation for studying the dynamics of emergent magnetic monopoles in magnets.

      

      
        An AI-powered wearable system tracks the 3D movement of smart pills in the gut
        Scientists have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings.

      

      
        AI-powered simulation training improves human performance in robotic exoskeletons
        Researchers have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.

      

      
        Hybrid work is a 'win-win-win' for companies, workers
        In the largest study yet of working-from-home professionals, economists reveal that employees who work from home two days a week are just as productive, likely to get promoted, and far less prone to quit.

      

      
        Wind from black holes may influence development of surrounding galaxies
        Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.

      

      
        How do supermassive black holes get super massive?
        By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies.

      

      
        Female AI 'teammate' generates more participation from women
        An artificial intelligence-powered virtual teammate with a female voice boosts participation and productivity among women on teams dominated by men, according to new research.

      

      
        From seashells to cement, nature inspires tougher building material
        Inspired by the material that makes up oyster and abalone shells, engineers have created a new cement composite that is 17 times more crack-resistant than standard cement and 19 times more able to stretch and deform without breaking. The findings could eventually help increase the crack resistance of a wide range of brittle ceramic materials from concrete to porcelain.

      

      
        3D-printed mini-actuators can move small soft robots, lock them into new shapes
        Researchers have demonstrated miniature soft hydraulic actuators that can be used to control the deformation and motion of soft robots that are less than a millimeter thick. The researchers have also demonstrated that this technique works with shape memory materials, allowing users to repeatedly lock the soft robots into a desired shape and return to the original shape as needed.

      

      
        New biomarker database designed to improve astronaut health may also be useful to earthlings
        As space travel becomes more frequent, a new biomarker tool was developed by an international team of researchers to help improve the growing field of aerospace medicine and the health of astronauts.

      

      
        Virtual reality as a reliable shooting performance-tracking tool
        Virtual reality technology can do more than teach weaponry skills in law enforcement and military personnel, a new study suggests: It can accurately record shooting performance and reliably track individuals' progress over time.

      

      
        Scientists spot more Milky Way-like galaxies in early universe
        Scientists are peering into the past and uncovering new clues about the early universe. Since light takes a long time to travel through space, they are now able to see how galaxies looked billions of years ago. The astronomers have discovered that spiral galaxies were more common in the early universe than previously thought. The scientists found that nearly 30% of galaxies have a spiral structure about 2 billion years after the universe formed. The discovery provides a significant update to the ...

      

      
        New plasma escape mechanism could protect fusion vessels from excessive heat
        The exhaust heat generated by a fusing plasma in a commercial-scale reactor may not be as damaging to the vessel's innards as once thought, according to new research about escaping plasma particles.

      

      
        Researchers harness AI for autonomous discovery and optimization of materials
        Today, researchers are developing ways to accelerate discovery by combining automated experiments, artificial intelligence and high-performance computing. A novel tool that leverages those technologies has demonstrated that AI can influence materials synthesis and conduct associated experiments without human supervision.

      

      
        Origins of fast radio bursts come into focus through polarized light
        What scientists previously thought about where Fast Radio Bursts (FRBs) come from is just the tip of the iceberg. A new study details the properties of polarized light from 128 non-repeating FRBs and reveals mysterious cosmic explosions that originated in far-away galaxies, similar to our own Milky Way.

      

      
        Algae offer real potential as a renewable electricity source
        The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.

      

      
        How the immune system goes awry during space travel and the implications for human aging on earth
        Researching the immune system in space could have payoffs for human aging on earth. Scientists have revealed how the lack of gravity affects the cells of the immune system at single cell resolution.

      

      
        Researchers create realistic virtual rodent
        To help probe the mystery of how brains control movement, scientists have created a virtual rat with an artificial brain that can move around just like a real rodent. The researchers found that activations in the virtual control network accurately predicted neural activity measured from the brains of real rats producing the same behaviors.

      

      
        Would astronauts' kidneys survive a roundtrip to Mars?
        The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.

      

      
        New technique could help build quantum computers of the future
        Researchers have demonstrated a new method that could enable the large-scale manufacturing of optical qubits. The advance could bring us closer to a scalable quantum computer.

      

      
        Trash-sorting robot mimics complex human sense of touch
        Researchers are breaking through the difficulties of robotic recognition of various common, yet complex, items. Their layered sensor is equipped with material detection at the surface and pressure sensitivity at the bottom, with a porous middle layer sensitive to thermal changes. An efficient cascade classification algorithm rules out object types in order, from easy to hard, starting with simple categories like empty cartons before moving on to orange peels or scraps of cloth.

      

      
        Semiconductor doping and electronic devices: Heating gallium nitride and magnesium forms superlattice
        A study revealed that a simple thermal reaction of gallium nitride with metallic magnesium results in the formation of a distinctive superlattice structure. This represents the first time researchers have identified the insertion of 2D metal layers into a bulk semiconductor. By carefully observing materials through various cutting-edge characterization techniques, the researchers uncovered new insights into the process of semiconductor doping and elastic strain engineering.

      

      
        How did a satellite galaxy of the Milky Way come to be?
        Crater 2, located approximately 380,000 light years from Earth, is one of the largest satellite galaxies of the Milky Way. Extremely cold and with slow-moving stars, Crater 2 has low surface brightness. How this galaxy originated remains unclear. A team of physicists now offers an explanation.

      

      
        Looking for a new battery platform? Focus on the essentials
        In facing life's many challenges, we often opt for complex approaches to finding solutions. Yet, upon closer examination, the answers are often simpler than we expect, rooted in the core "essence" of the issue. This approach was demonstrated by a research team in their publication on addressing the inherent issues of solid-state batteries.

      

      
        Switching nanomagnets using infrared lasers
        Physicists have calculated how suitable molecules can be stimulated by infrared light pulses to form tiny magnetic fields. If this is also successful in experiments, the principle could be used in quantum computer circuits.

      

      
        'Self-taught' AI tool helps to diagnose and predict severity of common lung cancer
        A computer program based on data from nearly a half-million tissue images and powered by artificial intelligence can accurately diagnose cases of adenocarcinoma, the most common form of lung cancer, a new study shows.

      

      
        New computer vision method helps speed up screening of electronic materials
        A new computer vision technique developed by engineers significantly speeds up the characterization of newly synthesized electronic materials. Such materials might be used in novel solar cells, transistors, LEDs, and batteries.

      

      
        Lab-grown 'mini-guts' could help in development of new and more personalized treatments for Crohn's disease
        Scientists have grown 'mini-guts' in the lab to help understand Crohn's disease, showing that 'switches' that modify DNA in gut cells play an important role in the disease and how it presents in patients. The researchers say these mini-guts could in future be used to identify the best treatment for an individual patient, allowing for more precise and personalized treatments.

      

      
        Lone Star State: Tracking a low-mass star as it speeds across the Milky Way
        Astronomers have discovered a rare hypervelocity L subdwarf star racing through the Milky Way. More remarkably, this star may be on a trajectory that causes it to leave the Milky Way altogether.

      

      
        NASA's Webb opens new window on supernova science
        Peering deeply into the cosmos, NASA's James Webb Space Telescope is giving scientists their first detailed glimpse of supernovae from a time when our universe was just a small fraction of its current age. A team using Webb data has identified 10 times more supernovae in the early universe than were previously known. A few of the newfound exploding stars are the most distant examples of their type, including those used to measure the universe's expansion rate.

      

      
        Researchers engineer new approach for controlling thermal emission
        If a material absorbs light, it will heat up. That heat must go somewhere, and the ability to control where and how much heat is emitted can protect or even hide such devices as satellites. An international team of researchers has published a novel method for controlling this thermal emission in Science.

      

      
        Novel radiotracer produces high quality images of 'Alzheimer's disease of the heart'
        A newly developed radiotracer can generate high quality and readily interpretable images of cardiac amyloidosis, a condition referred to as the 'Alzheimer's disease of the heart.' As the first amyloid-specific and pan-amyloid binding radiotracer designed for planar and SPECT/CT imaging, 99mTc-p5+14 could play an important role in early detection and treatment of cardiac amyloidosis.

      

      
        Four-legged, dog-like robot 'sniffs' hazardous gases in inaccessible environments
        Nightmare material or truly man's best friend? A team of researchers equipped a dog-like quadruped robot with a mechanized arm that takes air samples from potentially treacherous situations, such as an abandoned building or fire. The robot dog walks samples to a person who screens them for potentially hazardous compounds.

      

      
        Protocol for creating 'wired miniature brains'
        Researchers have developed -- and shared -- a process for creating brain cortical organoids -- essentially miniature artificial brains with functioning neural networks.

      

      
        Advanced AI-based techniques scale-up solving complex combinatorial optimization problems
        A framework based on advanced AI techniques can solve complex, computationally intensive problems faster and in a more more scalable way than state-of-the-art methods, according to a new study.

      

      
        Hubble finds surprises around a star that erupted 40 years ago
        Astronomers have used new data from NASA's Hubble Space Telescope and the retired SOFIA (Stratospheric Observatory for Infrared Astronomy) as well as archival data from other missions to revisit one of the strangest binary star systems in our galaxy -- 40 years after it burst onto the scene as a bright and long-lived nova. A nova is a star that suddenly increases its brightness tremendously and then fades away to its former obscurity, usually in a few months or years.

      

      
        Researchers demonstrate the first chip-based 3D printer
        Researchers have demonstrated the first chip-based 3D printer, a tiny device that emits reconfigurable beams of visible light into a well of resin that rapidly cures into a solid shape. The advance could enable a 3D printer small enough to fit in the palm of a person's hand.
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NASA's Roman mission gets cosmic 'sneak peek' from supercomputers | ScienceDaily
Researchers are diving into a synthetic universe to help us better understand the real one. Using supercomputers at the U.S. DOE's (Department of Energy's) Argonne National Laboratory in Illinois, scientists have created nearly 4 million simulated images depicting the cosmos as NASA's Nancy Grace Roman Space Telescope and the Vera C. Rubin Observatory, jointly funded by NSF (the National Science Foundation) and DOE, in Chile will see it.


						
Michael Troxel, an associate professor of physics at Duke University in Durham, North Carolina, led the simulation campaign as part of a broader project called OpenUniverse. The team is now releasing a 10-terabyte subset of this data, with the remaining 390 terabytes to follow this fall once they've been processed.

"Using Argonne's now-retired Theta machine, we accomplished in about nine days what would have taken around 300 years on your laptop," said Katrin Heitmann, a cosmologist and deputy director of Argonne's High Energy Physics division who managed the project's supercomputer time. "The results will shape Roman and Rubin's future attempts to illuminate dark matter and dark energy while offering other scientists a preview of the types of things they'll be able to explore using data from the telescopes."

A Cosmic Dress Rehearsal

For the first time, this simulation factored in the telescopes' instrument performance, making it the most accurate preview yet of the cosmos as Roman and Rubin will see it once they start observing. Rubin will begin operations in 2025, and NASA's Roman will launch by May 2027.

The simulation's precision is important because scientists will comb through the observatories' future data in search of tiny features that will help them unravel the biggest mysteries in cosmology.

Roman and Rubin will both explore dark energy -- the mysterious force thought to be accelerating the universe's expansion. Since it plays a major role in governing the cosmos, scientists are eager to learn more about it. Simulations like OpenUniverse help them understand signatures that each instrument imprints on the images and iron out data processing methods now so they can decipher future data correctly. Then scientists will be able to make big discoveries even from weak signals.




"OpenUniverse lets us calibrate our expectations of what we can discover with these telescopes," said Jim Chiang, a staff scientist at DOE's SLAC National Accelerator Laboratory in Menlo Park, California, who helped create the simulations. "It gives us a chance to exercise our processing pipelines, better understand our analysis codes, and accurately interpret the results so we can prepare to use the real data right away once it starts coming in."

Then they'll continue using simulations to explore the physics and instrument effects that could reproduce what the observatories see in the universe.

Telescopic Teamwork

It took a large and talented team from several organizations to conduct such an immense simulation.

"Few people in the world are skilled enough to run these simulations," said Alina Kiessling, a research scientist at NASA's Jet Propulsion Laboratory (JPL) in Southern California and the principal investigator of OpenUniverse. "This massive undertaking was only possible thanks to the collaboration between the DOE, Argonne, SLAC, and NASA, which pulled all the right resources and experts together."

And the project will ramp up further once Roman and Rubin begin observing the universe.




"We'll use the observations to make our simulations even more accurate," Kiessling said. "This will give us greater insight into the evolution of the universe over time and help us better understand the cosmology that ultimately shaped the universe."

The Roman and Rubin simulations cover the same patch of the sky, totaling about 0.08 square degrees (roughly equivalent to a third of the area of sky covered by a full Moon). The full simulation to be released later this year will span 70 square degrees, about the sky area covered by 350 full Moons.

Overlapping them lets scientists learn how to use the best aspects of each telescope -- Rubin's broader view and Roman's sharper, deeper vision. The combination will yield better constraints than researchers could glean from either observatory alone.

"Connecting the simulations like we've done lets us make comparisons and see how Roman's space-based survey will help improve data from Rubin's ground-based one," Heitmann said. "We can explore ways to tease out multiple objects that blend together in Rubin's images and apply those corrections over its broader coverage."

Scientists can consider modifying each telescope's observing plans or data processing pipelines to benefit the combined use of both.

"We made phenomenal strides in simplifying these pipelines and making them usable," Kiessling said. A partnership with Caltech/IPAC's IRSA (Infrared Science Archive) makes simulated data accessible now so when researchers access real data in the future, they'll already be accustomed to the tools. "Now we want people to start working with the simulations to see what improvements we can make and prepare to use the future data as effectively as possible."
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Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice | ScienceDaily
Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.


						
The findings are detailed in a paper published on June 12 in Science Advances.

The microrobots are an ingenious combination of biology and nanotechnology. They are a joint effort between the labs of Joseph Wang and Liangfang Zhang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering.

To create the microrobots, researchers chemically attached drug-filled nanoparticles to the surface of green algae cells. The algae, which provide the microrobots with their movement, enable the nanoparticles to efficiently swim around in the lungs and deliver their therapeutic payload to tumors.

The nanoparticles are made of tiny biodegradable polymer spheres, which are loaded with the chemotherapeutic drug doxorubicin and coated with red blood cell membranes. This coating serves a critical function: it protects the nanoparticles from the immune system, allowing them to stay in the lungs long enough to exert their anti-tumor effects. "It acts as a camouflage," said study co-first author Zhengxing Li, who is a nanoengineering Ph.D. student in both Wang and Zhang's research groups. "This coating makes the nanoparticle look like a red blood cell from the body, so it will not trigger an immune response."

This formulation of nanoparticle-carrying algae is safe, the researchers noted. The materials used to make the nanoparticles are biocompatible while the green algae employed, Chlamydomonas reinhardtii, are recognized as safe for use by the U.S. Food and Drug Administration.

This study builds on prior work by Wang and Zhang's teams using similar microrobots to treat deadly pneumonia in mice. "Those were the first microrobots to be safely tested in the lungs of live animals," said Wang.




In previous work, the microrobots fought the spread of pneumonia-causing bacteria using a different drug and cell membrane combination for the nanoparticles. By tweaking these components, the team has now tailored the microrobots to fight the spread of cancer cells in the lungs. "We demonstrate that this is a platform technology that can actively and efficiently deliver therapeutics throughout the entire lung tissue to combat different types of deadly diseases in the lungs," said Zhang.

In the current study, mice with melanoma that had metastasized to the lungs were treated with the microrobots, which were administered to the lungs through a small tube inserted into the windpipe. Treated mice experienced a median survival time of 37 days, an improvement over the 27-day median survival time observed in untreated mice, as well as mice that received either the drug alone or drug-filled nanoparticles without algae.

"The active swimming motion of the microrobots significantly improved distribution of the drug to the deep lung tissue, while prolonging retention time," said Li. "This enhanced distribution and prolonged retention time allowed us to reduce the required drug dosage, potentially reducing side effects while maintaining high survival efficacy."

Moving forward, the team is working on advancing this microrobot treatment to trials in larger animals, with the ultimate goal of human clinical trials.

Paper: "Biohybrid microrobots locally and actively deliver drug-loaded nanoparticles to inhibit the progression of lung metastasis." Co-authors of the study include Fangyu Zhang*, Zhongyuan Guo*, Zhengxing Li*, Hao Luan, Yiyan Yu, Audrey T. Zhu, Shichao Ding, Weiwei Gao and Ronnie H. Fang.

*These authors contributed equally to this work.

This work was supported by the Defense Threat Reduction Agency Joint Science and Technology Office for Chemical and Biological Defense (HDTRA1-21-1-0010) and the National Institutes of Health (R21AI175904).
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Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley' | ScienceDaily
Louisiana's southeastern corridor is sometimes known colloquially as "Cancer Alley" for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers reporting in ACS' Environmental Science & Technology measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.


						
In 2016, the U.S. Environmental Protection Agency (EPA) classified ethylene oxide as carcinogenic to humans, particularly when it is inhaled. Despite significant concern over chronic ethylene oxide exposure for people living between Baton Rouge and New Orleans, there are no published reports of ambient concentrations of the carcinogen that aren't derived from industry self-reported emissions data. So, Peter DeCarlo and colleagues proposed measuring the levels of this gas using optical instruments that quickly measure airborne chemicals and provide results in real time.

They used a mobile monitoring system with equipment mounted on a small truck or van. These mobile laboratories drove a fixed route along a heavily industrialized portion of the corridor.
    	One small truck carried a tunable infrared laser direction absorption spectrometer, which measured ambient ethylene oxide in the surrounding air.
    	The van carried a cavity ringdown spectrometer to detect downwind of petrochemical sites contaminant plumes, i.e., mixtures of ethylene oxide and other chemicals, which indicate the type of facility that emitted them.

DeCarlo and the team completed 23 130-mile laps with their mobile monitoring vans from January to February 2023. All of the ethylene oxide measurements were higher than EPA estimates, which were gleaned from industry-reported emissions. Specifically, the researchers' ambient air measurements revealed that most of the region had ethylene oxide levels that correspond to risk levels above EPA's acceptable upper limit. A few locations had contaminant concentrations that represent potentially serious health risks for facility workers. And the team's second van, with the cavity ringdown spectrometer, identified chemical plumes up to 7 miles from their likely sources, which are beyond the 6-mile distance of "fenceline communities." EPA defines fenceline communities as those where people live close enough to highly polluting facilities that they could be directly affected by the emissions of operation.

The researchers hope that this demonstration of a mobile monitoring system helps increase accurate measurements of hazardous air pollution in an area densely populated with ethylene oxide emitters. Their work also highlights important issues related to current detection and reporting methods and associated health impacts on people living near potential pollution sources.

The authors acknowledge funding from Bloomberg Philanthropies and the National Institute of Environmental Health Sciences. 

Some coauthors are employed at Aerodyne Research, Inc., which provided a mobile laboratory and field sampling equipment. Some coauthors are employed at Picarro, Inc. which manufactures one of the instruments used in the study. 
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Laser tests reveal new insights into key mineral for super-Earths | ScienceDaily
Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.


						
High-energy laser experiments -- which subjected tiny crystals of the mineral to the type of heat and pressure found deep inside a rocky planet's mantle -- suggest the compound could be the earliest mineral to solidify out of magma oceans in forming "super-Earth" exoplanets.

"Magnesium oxide could be the most important solid controlling the thermodynamics of young super-Earths," said June Wicks, an assistant professor of Earth and Planetary Sciences at Johns Hopkins University who led the research. "If it has this very high melting temperature, it would be the first solid to crystallize when a hot, rocky planet starts to cool down and its interior separates into a core and a mantle."

The findings are newly published in Science Advances.

They suggest that the way magnesium oxide transitions from one form to another could have important implications for the factors that control whether a young planet will be a snowball or a molten rock, develop water oceans or atmospheres, or have a mixture of those features.

"In terrestrial super-Earths, where this material is going to be a big component of the mantle, its transformation is going to contribute significantly to how quickly heat moves in the interior, which is going to control how the interior and the rest of the planet form and deform over time," Wicks said. "We can think of this as a proxy for interiors of these planets, because it's going to be the material that controls its deformation, one of the most important building blocks of rocky planets."

Larger than Earth but smaller than giants like Neptune or Uranus, super-Earths are key targets in exoplanet searches because they are commonly found among other solar systems in the galaxy. While the composition of these planets can vary from gas to ice or water, rocky super-Earths are expected to contain significant amounts of magnesium oxide that can influence the planet's magnetic field, volcanism, and other key geophysics like they do on Earth, Wicks said.




To mimic the extreme conditions this mineral might sustain during planet formation, Wick's team subjected small samples to ultra-high pressures using the Omega-EP laser facility at the University of Rochester's Laboratory for Laser Energetics. The scientists also shot X-rays and recorded how those light rays bounced off the crystals to track how their atoms rearranged in response to the increasing pressures, specifically noting at what point they transformed from a solid to a liquid.

When squeezed extremely hard, the atoms of materials like magnesium oxide change their arrangement to sustain the crushing pressures. That's why the mineral transitions from a rock salt "phase" resembling table salt to a different configuration like that of another salt called cesium chloride as pressure increases. This makes for a transformation that can affect a mineral's viscosity and impact on a planet as it comes of age, Wicks said.

The team's results show that magnesium oxide can exist in both of its phases at pressures ranging from 430 to 500 gigapascals and temperatures of around 9,700 Kelvin, nearly twice as hot as the surface of the sun. The experiments also show that the highest pressures the mineral can withstand before melting completely are upward of 600 gigapascals, about 600 times the pressure one would feel in the deepest trenches of the ocean.

"Magnesium oxide melts at a much higher temperature than any other material or mineral. Diamonds may be the hardest materials, but this is what will melt last," Wicks said. "When it comes to extreme materials in young planets, magnesium oxide is likely going to be solid, whereas everything else that will be hanging out down there in the mantle is going to be turned to liquid."

The study showcases the stability and simplicity of magnesium oxide under extreme pressures and could help scientists develop more accurate theoretical models to probe key questions about the behavior of this and other minerals within rocky worlds like Earth, Wicks said.

"The study is a love letter to magnesium oxide, because it's amazing that it has the highest temperature melting point that we know of -- at pressures beyond the center of Earth -- and it still behaves like a regular salt," Wicks said. "It's just a beautiful, simple salt, even at these record pressures and temperatures."

Other authors are Saransh Singh, Marius Millot, Dayne E. Fratanduono, Federica Coppari, Martin G. Gorman, Jon H. Eggert, and Raymond F. Smith of Lawrence Livermore National Laboratory; Zixuan Ye and Anirudh Hari of Johns Hopkins University; J. Ryan Rygg of the University of Rochester; and Thomas S. Duffy of Princeton University.

This research was supported by NNSA through the National Laser Users' Facility Program under contract Nos. DE-NA0002154 and DE-NA0002720 and the Laboratory Directed Research and Development Program at LLNL (project No. 15-ERD-012). This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract No. DE-AC52-07NA27344. The research was supported by National Nuclear Security Administration through the National Laser Users' Facility Program (contract Nos. DE-NA0002154 and DE-NA0002720) and the Laboratory Directed Research and Development Program at LLNL (project Nos. 15-ERD-014, 17-ERD-014, and 20-ERD-044).
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To heal skin, scientists invent living bioelectronics | ScienceDaily
For much of his childhood, Simiao Niu was troubled by psoriasis, a chronic, often painful skin condition, mostly on his arms.


						
Sometimes, the prescribed ointment worked and treated the inflamed, red areas produced by the disease. But he was never sure if he was using enough, whether the skin irritation was healing and when he should stop treatment.

Years later, as an engineer on the team at Apple Inc. that devised the electronics in Apple watches monitoring heart rhythm, Niu had a revelation: Could a similar wearable electronic device be developed to treat skin ailments such as psoriasis and provide patients with continuous feedback?

Now, Niu, an assistant professor of biomedical engineering in the School of Engineering at Rutgers-New Brunswick, has played a crucial role in the development of the kind of device that he dreamed of: a unique prototype of what he and his research collaborators are calling a "living bioelectronic" designed to treat psoriasis.

Describing the advance in Science magazine, Niu and collaborators, including scientists at the University of Chicago led by Bozhi Tian and Columbia University, reported developing a patch -- a combination of advanced electronics, living cells and hydrogel -- that is showing efficacy in experiments in mice.

The patch represents not only a potential treatment for psoriasis, but a new technology platform to deliver treatments for medical needs as diverse as wounds and, potentially, various skin cancers, Niu said.

"We were looking for a new type of device that combines sensing and treatment for managing skin inflammation diseases like psoriasis," Niu said. "We found that by combining living bacteria, flexible electronics and adhesive skin interface materials, we were able to create a new type of device."

The circular patch is about 1 inch in diameter and wafer thin. The patch contains electronic chips, bacterial cells and a gel made from starch and gelatin. Tests in mice conducted by the research team showed that the device could continuously monitor and improve psoriasis-like symptoms without irritating skin.




The device, Niu said, is a leap forward from conventional bioelectronics, which are generally composed of electronic components that are encased in a soft synthetic layer that reduces irritation when in contact with the body. The patches placed on a patient's chest for an electrocardiogram are examples of conventional devices.

Niu's invention could be seen as a "living drug," he said, in that it incorporates living cells as part of its therapy. S. epidermidis, which lives on human skin and has been shown to reduce inflammation, is incorporated into the device's gel casing. A thin, flexible printed circuit forms the skeleton of the device.

When the device is placed on skin, the bacteria secrete compounds that reduce inflammation, while sensors in the flexible circuits monitor the skin for signals indicating healing, such as skin impedance, temperature and humidity. The data collected by the circuits is beamed wirelessly to a computer or a cell phone, a process that would allow patients to monitor their healing process.

During his years at Apple, before he joined Rutgers faculty in 2022, Niu and other engineers were forwarded hundreds of thank-you notes that had been sent to the chief executive's office. The customers wrote to credit their Apple watches with saving their lives, Niu said. The watches' built-in heart rate monitors pointed to a condition -- an arrhythmia known as atrial fibrillation -- the customers said they didn't know they had. Atrial fibrillation can lead to strokes if left untreated.

"When you produce the kinds of things that positively affect people's lives, you feel very proud," Niu said. "That is something that inspires me a lot and motivates me to do my current research."

Clinical trials to test the device on human patients must come next, Niu said, as the first step toward commercialization. Once there is evidence of positive results with minimum side effects, the inventors would apply for FDA approval in order to bring the device to market, Niu said.

Other authors of the study from Rutgers included Fuying Dong and Chi Han, two graduate students at the Department of Biomedical Engineering in the School of Engineering.
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Researchers leverage inkjet printing to make a portable multispectral 3D camera | ScienceDaily
Researchers have used inkjet printing to create a compact multispectral version of a light field camera. The camera, which fits in the palm of the hand, could be useful for many applications including autonomous driving, classification of recycled materials and remote sensing.


						
3D spectral information can be useful for classifying objects and materials; however, capturing 3D spatial and spectral information from a scene typically requires multiple devices or time-intensive scanning processes. The new light field camera solves this challenge by simultaneously acquiring 3D information and spectral data in a single snapshot.

"To our knowledge, this is the most advanced and integrated version of a multispectral light field camera," said research team leader Uli Lemmer from the Karlsruhe Institute of Technology in Germany. "We combined it with new AI methods for reconstructing the depth and spectral properties of the scene to create an advanced sensor system for acquiring 3D information."

In the Optica Publishing Group journal Optics Express, the researchers report that the new camera and image reconstruction methods can be used to distinguish objects in a scene based on their spectral characteristics. Using inkjet printing to make the camera's key optical components allows it to be easily customized or manufactured in large volumes.

"Reconstructed 3D data from camera images are finding widespread use in virtual and augmented reality, autonomous cars, robotics, smart home devices, remote sensing and other applications," said Michael Heizmann, a member of the research team. "This new technology could, for example, allow robots to better interact with humans or improve the accuracy of classifying and separating materials in recycling. It could also be potentially used to classify healthy and diseased tissues."

Adding color with inkjet printing

Light field cameras, also called plenoptic cameras, are specialized imaging devices that capture the direction and intensity of light rays. After image acquisition, computational processing is used to reconstruct 3D image information from the acquired data. These cameras typically use microlens arrays that are aligned with the pixels of a high-resolution camera chip.




To create a multispectral light field camera, the researchers used inkjet printing to deposit a single droplet of material to form each individual lens on one side of ultrathin microscope slides and then printed fully aligned color filter arrays on the opposite side of the microscope slides. The resulting optical component was integrated directly onto a CMOS camera chip. The inkjet printing method allowed precise alignment between the optical components, significantly reducing the manufacturing complexity and enhancing efficiency.

Because this setup produces spectral and depth information that are interwoven in the camera image, the researchers developed methods to separate each component. They found that an approach based on deep learning worked best for extracting the desired information directly from the acquired measurements.

Spectral-based object detection 

"Tackling the challenge of creating a multispectral light field camera was only possible by combining recent advances from manufacturing, system design and AI-based image reconstruction," said Qiaoshuang Zhang, first author of the paper. "This work pushes the boundaries of inkjet printing -- a versatile method with high precision and industrial scalability -- for manufacturing photonic components."

The researchers tested the camera by recording a test scene that contained multicolor 3D objects at different distances. The image reconstruction algorithm was trained and tested on many synthetic and real multispectral images. The results demonstrate that the prototype camera can simultaneously acquire 3D spatial and spectral information and that different objects can be imaged and distinguished by their different spectral composition and depth information within one single snapshot.

Now that they have completed this first proof-of-concept, the researchers are exploring various applications where a light field camera with an ability to acquire multispectral information could be useful.
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Scientists adapt astronomy method to unblur microscopy images | ScienceDaily
Astronomers figured out long ago how to make the images their telescopes capture of far-away galaxies clearer and sharper. By using techniques that measure how light is distorted by the atmosphere, they can apply corrections to cancel out aberrations.


						
Microscopists have been adapting these methods to generate clearer images of thick biological samples, which also bend light and create distortions. But these techniques -- a class of methods called adaptive optics -- are complex, expensive, and slow, making them out of reach for many labs.

Now, in hopes of making adaptive optics more widely available to biologists, a team led by researchers at HHMI's Janelia Research Campus has turned their attention to a class of techniques called phase diversity that's been widely used in astronomy but is new to the life sciences.

These phase diversity methods add additional images with known aberrations to a blurry image with an unknown aberration, providing enough additional information to unblur the original image. Unlike many other adaptive optics techniques, phase diversity doesn't require any major changes to an imaging system, making it a potentially attractive route for microscopy.

To implement the new method, the team first adapted the astronomy algorithm for use in microscopy and validated it with simulations. Next, they built a microscope with a deformable mirror, whose reflective surface can be changed, and two additional lenses -- minor modifications to an existing microscope that create the known aberration. They also improved the software used to carry out the phase diversity correction.

As a test of their new method, the team demonstrated that they could calibrate the microscope's deformable mirror 100 times faster than with competing methods. Next, they showed that the new method could sense and correct randomly generated aberrations, providing clearer images of fluorescent beads and fixed cells.

The next step is to test the method on real-world samples, including living cells and tissues, and extend its use to more complex microscopes. The team also hopes to make the method more automated and easier to use. They hope the new method, which is faster and cheaper to implement than current techniques, could one day make adaptive optics accessible to more labs, helping biologists see more clearly when peering deep inside tissues.
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Metal alloys that can take the heat | ScienceDaily
Complex metal alloys enter a new era of predictive design for aerospace and other high-temperature applications.


						
Cooks love stainless steel for its durability, rust resistance and even cooking when heated. But few know the secret that makes stainless steel so popular. It's the metal chromium in stainless steel, which reacts with oxygen in the air to form a stable and protective thin coating for protecting the steel underneath.

These days, scientists and engineers are working to design alloys that can resist extreme environments for applications such as nuclear fusion reactors, hypersonic flights and high-temperature jet engines. For such extreme applications, scientists are experimenting with complex combinations of many metals mixed in equal proportions in what are called multi-principal element alloys or medium- to high-entropy alloys. These alloys aim to achieve design goals such as strength, toughness, resistance to corrosion and so on. Specifically, researchers seek alloys resistant to corrosion that can happen when metals react with oxygen in the atmosphere, a process called oxidation. These alloys are typically tested in a "cook-and-look" procedure where alloy materials are exposed to high-temperature oxidation environments to see how they respond.

But now, a multidisciplinary research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory and North Carolina State University combined atomic-scale experiments with theory to create a tool to predict how such high-entropy alloys will behave under high-temperature oxidative environments. The research, published in the journal Nature Communications, offers a road map toward rapid design and testing cycles for oxidation-resistant complex metal alloys.

"We are working toward developing an atomic-scale model for material degradation of these complex alloys, which then can be applied to design next-generation alloys with superior resistance to extreme environments for a wide variety of applications such as the aerospace and nuclear power industries," said Arun Devaraj, co-principal investigator of the study and a PNNL materials scientist specializing in understanding metal degradation in extreme environments. "The goal here is to find ways to rapidly identify medium- to high-entropy alloys with the desired properties and oxidation resistance for your chosen application."

A complex alloy recipe

For their recent experiments, the research team studied the degradation of a high-entropy alloy with equal amounts of the metals cobalt, chromium, iron, nickel and manganese (CoCrFeNiMn, also called the Cantor alloy). The research team examined oxide formed on the Cantor alloy using a variety of advanced atomic-scale methods to understand how each element arranges itself in the alloy and the oxide.




They discovered that chromium and manganese tend to migrate quickly toward the surface and form stable chromium and manganese oxides. Subsequently, iron and cobalt diffuse through these oxides to form additional layers.

By adding a small amount of aluminum, they discovered that aluminum oxide can act as a barrier for other elements migrating to form the oxide, thereby reducing the overall oxidation of the aluminum-containing Cantor alloy and increasing its resistance to degradation at high temperatures.

"This work sheds light on the mechanisms of oxidation in complex alloys at the atomic scale," said Bharat Gwalani, co-corresponding author of the study. Gwalani began the study while a scientist at PNNL and continued the research in his current role as an assistant professor of materials science and engineering at North Carolina State University. He added, "by understanding the fundamental mechanisms involved, this work gives us a deeper understanding of oxidation across all complex alloys."

Predictive models

"Right now there are no universally applicable governing models to extrapolate how a given complex, multi-principal element alloy will oxidize and degrade over time in a high-temperature oxidation environment," said Devaraj. "This is a substantial step in that direction."

The team's careful analysis revealed some universal rules that can predict how the oxidation process will proceed in these complex alloys. Computational colleagues from NCSU developed a model called the Preferential Interactivity Parameter for early prediction of oxidation behavior in complex metal alloys.




Ultimately, the research team expects to expand this research to develop complex alloys with exceptional high-temperature properties, and to do so very quickly by rapid sampling and analysis. The ultimate goal is to choose a combination of elements that favor the formation of an adherent oxide, said Devaraj. "You know oxide formation will happen, but you want to have a very stable oxide that will be protective, that would not change over time, and would withstand extreme heat inside a rocket engine or nuclear reactors."

A next step will be to introduce automated experimentation and integrate additive manufacturing methods, along with advanced artificial intelligence, to rapidly evaluate promising new alloys. That project is now getting underway at PNNL as a part of the Adaptive Tunability for Synthesis and Control via the Autonomous Learning on Edge (AT SCALE) Initiative.

"That kind of discovery loop for materials discovery will be very relevant for further expanding our knowledge of these novel alloys," said Devaraj, who also has a joint faculty appointment at the Colorado School of Mines.

In addition to Gwalani and Devaraj, PNNL scientists Sten Lambeets, Matthew Olszta, Anil Krishna Battu and Thevuthasan Suntharampillai contributed; as well as Martin Thuo, Aram Amassian, Andrew Martin, Aniruddha Malakar, and Boyu Guo of NCSU; Elizabeth Kautz, an assistant professor of nuclear engineering at North Carolina State, who also has a joint appointment with PNNL; Feipeng Yang and Jinghua Guo of Lawrence Berkeley National Laboratory; and Ruipeng Li of Brookhaven National Laboratory.

To investigate the arrangement of atoms within the samples, the research team used in situ atom probe tomography at PNNL. These results were correlated with electron microscopy and synchrotron-based grazing incidence wide-angle X-ray scattering at the National Synchrotron Light Source II, BNL, and X-ray absorption measurements conducted at the Advanced Light Source, LBNL, national user facilities funded by the DOE Office of Science. The research was also supported in part by the DOE Office of Science, Basic Energy Sciences, Materials Sciences and Engineering Division as a part of the Early Career Research Program.
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Robot radiotherapy could improve treatments for eye disease | ScienceDaily
Researchers from King's, with doctors at King's College Hospital NHS Foundation Trust, have successfully used a new robot system to improve treatment for debilitating eye disease.


						
The custom-built robot was used to treat wet neovascular age-related macular degeneration (AMD), administering a one-off, minimally invasive dose of radiation, followed by patients' routine treatment with injections into their eye.

In the landmark trial, published today in The Lancet, it was found that patients then needed fewer injections to effectively control the disease, potentially saving around 1.8 million injections per year around the world.

Wet AMD is a debilitating eye disease, where abnormal new blood vessels grow into the macula, the light sensing-layer of cells inside the back of the eyeball. The vessels then start to leak blood and fluid, typically causing a rapid, permanent and severe loss of sight.

Globally, around 196 million people have AMD and the Royal College of Ophthalmologists estimates that the disease affects more than 700,000 people in the UK. The number of people with AMD is expected to increase 60% by 2035, due to the country's ageing population.

Wet AMD is currently treated with regular injections into the eye. Initially, treatment substantially improves a patient's vision. But, because the injections don't cure the disease, fluid will eventually start to build up again in the macula, and patients will require long-term, repeated injections. Most people require an injection around every 1-3 months, and eye injections, costing between PS500 and PS800 per injection, have become one of the most common NHS procedures.

The new treatment can be targeted far better than existing methods, aiming three beams of highly focused radiation into the diseased eye. Scientists found that patients having robotic radiotherapy required fewer injections to control their disease compared to standard treatment.




The study found that the robotically controlled device saves the NHS PS565 for each patient treated over the first two years, as it results in fewer injections.

The study lead and first author on the paper, Professor Timothy Jackson, King's College London and Consultant Ophthalmic Surgeon at King's College Hospital said: "Research has previously tried to find a better way to target radiotherapy to the macula, such as by repurposing devices used to treat brain tumours. But so far nothing has been sufficiently precise to target macular disease that may be less than 1 mm across.

"With this purpose-built robotic system, we can be incredibly precise, using overlapping beams of radiation to treat a very small lesion in the back of the eye.

"Patients generally accept that they need to have eye injections to help preserve their vision, but frequent hospital attendance and repeated eye injections isn't something they enjoy. By better stabilising the disease and reducing its activity, the new treatment could reduce the number of injections people need by about a quarter. Hopefully, this discovery will reduce the burden of treatment that patients have to endure."

Dr Helen Dakin, University Research Lecturer at the University of Oxford said: "We found that the savings from giving fewer injections are larger than the cost of robot-controlled radiotherapy. This new treatment can therefore save the NHS money that can be used to treat other patients, while controlling patients' AMD just as well as standard care."

The research was jointly funded by the National Institute for Health and Care Research (NIHR) and the Medical Research Council (MRC) and recruited 411 participants across 30 NHS hospitals. A Lancet-commissioned commentary that accompanied the article described it as a "landmark trial."

This study was led by researchers from King's College London and doctors at King's College Hospital NHS Foundation Trust, in collaboration with the University of Oxford, the University of Bristol and Queen's University in Belfast.
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Quantum dots and metasurfaces: Deep connections in the nano world | ScienceDaily
In relationships, sharing closer spaces naturally deepens the connection as bonds form and strengthen through increasing shared memories. This principle applies not only to human interactions but also to engineering. Recently, an intriguing study was published demonstrating the use of quantum dots to create metasurfaces, enabling two objects to exist in the same space.


						
Professor Junsuk Rho from the Department of Mechanical Engineering, the Department of Chemical Engineering, and the Department of Electrical Engineering, PhD candidates Minsu Jeong, Byoungsu Ko, and Jaekyung Kim from the Department of Mechanical Engineering, and Chunghwan Jung, a PhD candidate, from the Department of Chemical Engineering at Pohang University of Science and Technology (POSTECH) employed Nanoimprint Lithography (NIL) to fabricate metasurfaces embedded with quantum dots, enhancing their luminescence efficiency. Their research was recently published in the online edition of Nano Letters.

NIL, a process for creating optical metasurfaces, utilizes patterned stamps to quickly transfer intricate patterns at the nanometer (nm) scale. This method offers cost advantages over electron beam lithography and other processes and has the advantage of enabling the creation of metasurfaces using materials that are not available in conventional processes.

Metasurfaces have recently been the focus of extensive research for their ability to control the polarization and emission direction of light from quantum dots. Quantum dots, which are nanoscale semiconductor particles, are highly efficient light emitters capable of emitting light at precise wavelengths. This makes them widely used in applications such as QLEDs and quantum computing. However, conventional processes cannot embed quantum dots within metasurfaces. As a result, research has often involved fabricating metasurfaces and quantum dots separately and then combining them, which imposes limitations on controlling the luminescence of the quantum dots.

In this study, the researchers integrated quantum dots with titanium dioxide (TiO2), a material used in the NIL process, to create a metasurface. Unlike conventional methods, which involve separately fabricating the metasurface and quantum dots before combining them, this approach embeds the quantum dots directly within the metasurface during its creation.

The resulting metasurface enhances the proportion of photons emitted from the quantum dots that couple with the resonance mode of the metasurface. This advancement allows for more effective control over the specific direction of light emitted from the quantum dots compared to previous methods.

Experiments demonstrated that the more photons emitted from the quantum dots that were coupled to the resonant modes of the metasurface, the higher the luminescence efficiency. The team's metasurface achieved up to 25 times greater luminescence efficiency compared to a simple coating of quantum dots.

Professor Junsuk Rho of POSTECH who led the research stated, "The use of luminescence-controlled metasurfaces will enable sharper, brighter displays and more precise, sensitive biosensing." He added, "Further research will allow us to control luminescence more effectively, leading to advances in areas such as nano-optical sensors, optoelectronic devices, and quantum dot displays."

The research was conducted with support from POSCO N.EX.T IMPACT, the Samsung Future Technology Incubation Program, and the Mid-Career Researcher Program of the Ministry of Science and ICT and the National Research Foundation of Korea.
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Towards a new era in flexible piezoelectric sensors for both humans and robots | ScienceDaily
Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers from Japan tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in medicine, healthcare, and robotics.


						
The world is accelerating rapidly towards the intelligent era -- a stage in history marked by increased automation and interconnectivity by leveraging technologies such as artificial intelligence and robotics. As a sometimes-overlooked foundational requirement in this transformation, sensors represent an essential interface between humans, machines, and their environment.

However, now that robots are becoming more agile and wearable electronics are no longer confined to science fiction, traditional silicon-based sensors won't make the cut in many applications. Thus, flexible sensors, which provide better comfort and higher versatility, have become a very active area of study. Piezoelectric sensors are particularly important in this regard, as they can convert mechanical stress and stretching into an electrical signal. Despite numerous promising approaches, there remains a lack of environmentally sustainable methods for mass-producing flexible, high-performance piezoelectric sensors at a low cost.

Against this backdrop, a research team from Shinshu University, Japan, decided to step up to the challenge and improve flexible piezoelectric sensor design using a well-established manufacturing technique: electrospinning. Their latest study, which was led by Distinguished Professor Ick Soo Kim in association with Junpeng Xiong, Ling Wang, Mayakrishnan Gopiraman, and Jian Shi, was published on 2 May, 2024, in the journal Nature Communications.

The proposed flexible sensor design involves the stepwise electrospinning of a composite 2D nanofiber membrane. First, polyvinylidene fluoride (PVDF) nanofibers with diameters in the order of 200 nm are spun, forming a strong uniform network that acts as the base for the piezoelectric sensor. Then, ultrafine PVDF nanofibers with diameters smaller than 35 nm are spun onto the preexisting base. These fibers become automatically interweaved between the gaps of the base network, creating a particular 2D topology.

After characterization via experiments, simulations, and theoretical analyses, the researchers found that the resulting composite PVDF network had enhanced beta crystal orientation. By enhancing this polar phase, which is responsible for the piezoelectric effect observed in PVDF materials, the piezoelectric performance of the sensors was significantly improved. To increase the stability of the material further, the researchers introduced dopamine (DA) during the electrospinning process, which created a protective core-shell structure.

"Sensor fabricated from using PVDF/DA composite membranes exhibited superb performance, including a wide response range of 1.5-40 N, high sensitivity of 7.29 V/N to weak forces in the range of 0-4 N, and excellent operational durability," remarks Kim. These exceptional qualities were demonstrated practically using wearable sensors to measure a wide variety of human movements and actions. More specifically, the proposed sensors, when worn by a human, could produce an easily distinguishable voltage response to natural motions and physiological signals. This included finger tapping, knee and elbow bending, foot stamping, and even speaking and wrist pulses.

Given the potential low-cost mass production of these piezoelectric sensors, combined with their use of environmentally friendly organic materials instead of harmful inorganics, this study could have important technological implications not only for health monitoring and diagnostics, but also robotics. "Despite the current challenges, humanoid robots are poised to play an increasingly integral role in the very near future. For instance, the well-known Tesla robot 'Optimus' can already mimic human motions and walk like a human," muses Kim, "Considering high-tech sensors are currently being used to monitor robot motions, our proposed nanofiber-based superior piezoelectric sensors hold much potential not only for monitoring human movements, but also in the field of humanoid robotics."

To make the adoption of these sensors easier, the research team will be focusing on improving the material's electrical output properties so that flexible electronic components can be driven without the need for an external power source. Hopefully, further progress in this area will accelerate our stride towards the intelligent era, leading to more comfortable and sustainable lives.
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AI better detects prostate cancer on MRI than radiologists | ScienceDaily
AI detects prostate cancer more often than radiologists. Additionally, AI triggers false alarms half as often. This is shown by an international study coordinated by Radboud university medical center and published in The Lancet Oncology. This is the first large-scale study where an international team transparently evaluates and compares AI with radiologist assessments and clinical outcomes.


						
Radiologists face an increasing workload as men with a higher risk of prostate cancer now routinely receive a prostate MRI. Diagnosing prostate cancer with MRI requires significant expertise, and there is a shortage of experienced radiologists. AI can assist with these challenges.

AI expert Henkjan Huisman and radiologist Maarten de Rooij, project leaders of the PI-CAI study, organized a major competition between AI teams and radiologists with an international team. Along with other centers in the Netherlands and Norway, they provided over 10,000 MRI scans. They transparently determined for each patient whether prostate cancer was present. They allowed various groups worldwide to develop AI for analyzing these images. The top five submissions were combined into a super-algorithm for analyzing MRI scans for prostate cancer. Finally, AI assessments were compared to those of a group of radiologists on four hundred prostate MRI scans.

Accurate Diagnosis

The PI-CAI community brought together over two hundred AI teams and 62 radiologists from twenty countries. They compared the findings of AI and radiologists not only with each other but also with a gold standard, as they monitored the outcomes of the men from whom the scans originated. On average, the men were followed for five years.

This first international study on AI in prostate diagnostics shows that AI detects nearly seven percent more significant prostate cancers than the group of radiologists. Additionally, AI identifies suspicious areas, later found not to be cancer, fifty percent less often. This means the number of biopsies could be halved with the use of AI. If these results are replicated in follow-up studies, it could greatly assist radiologists and patients in the future. It could reduce radiologists' workload, provide more accurate diagnoses, and minimize unnecessary prostate biopsies. The developed AI still needs to be validated and is currently not yet available for patients in clinical settings.

Quality System

Huisman observes that society has little trust in AI. 'This is because manufacturers sometimes build AI that isn't good enough', he explains. He is working on two things. The first is a public and transparent test to fairly evaluate AI. The second is a quality management system, similar to what exists in the aviation industry. 'If planes almost collide, a safety committee will look at how to improve the system so that it doesn't happen in the future. I want the same for AI. I want to research and develop a system that learns from every mistake so that AI is monitored and can continue to improve. That way, we can build trust in AI for healthcare. Optimal, governed AI can help make healthcare better and more efficient.'
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Breakthrough in next-generation memory technology! | ScienceDaily
A research team led by Professor Jang-Sik Lee from the Department of Materials Science and Engineering and the Department of Semiconductor Engineering at Pohang University of Science and Technology (POSTECH) has significantly enhanced the data storage capacity of ferroelectric memory devices. By utilizing hafnia-based ferroelectric materials and an innovative device structure, their findings, published on June 7 in the international journal Science Advances, mark a substantial advancement in memory technology.


						
With the exponential growth in data production and processing due to advancements in electronics and artificial intelligence (AI), the importance of data storage technologies has surged. NAND flash memory, one of the most prevalent technologies for mass data storage, can store more data in the same area by stacking cells in a three-dimensional structure rather than a planar one. However, this approach relies on charge traps to store data, which results in higher operating voltages and slower speeds.

Recently, hafnia-based ferroelectric memory has emerged as a promising next-generation memory technology. Hafnia (Hafnium oxide) enables ferroelectric memories to operate at low voltages and high speeds. However, a significant challenge has been the limited memory window for multilevel data storage.

Professor Jang-Sik Lee's team at POSTECH has addressed this issue by introducing new materials and a novel device structure. They enhanced the performance of hafnia-based memory devices by doping the ferroelectric materials with aluminum, creating high-performance ferroelectric thin films. Additionally, they replaced the conventional metal-ferroelectric-semiconductor (MFS) structure, where the metal and ferroelectric materials that make up the device are simply arranged, with an innovative metal-ferroelectric-metal-ferroelectric-semiconductor (MFMFS) structure.

The team successfully controlled the voltage across each layer by adjusting the capacitance of the ferroelectric layers, which involved fine-tuning factors such as the thickness and area ratio of the metal-to-metal and metal-to-channel ferroelectric layers. This efficient use of applied voltage to switch ferroelectric material improved the device's performance and reduced energy consumption.

Conventional hafnia-based ferroelectric devices typically have a memory window of around 2 volts (V). In contrast, the research team's device achieved a memory window exceeding 10 V, enabling Quad-Level Cell (QLC) technology, which stores 16 levels of data (4 bits) per unit transistor. It also demonstrated high stability after more than one million cycles and operated at voltages of 10 V or less, significantly lower than the 18 V required for NAND flash memory. Furthermore, the team's memory device exhibited stable characteristics in terms of data retention.

NAND flash memory programs its memory states using Incremental Step Pulse Programming (ISPP), which leads to long programming times and complex circuitry. In contrast, the team's device achieves rapid programming through one-shot programming by controlling ferroelectric polarization switching.

Professor Jang-Sik Lee of POSTECH commented, "We have laid the technological foundation for overcoming the limitations of existing memory devices and provided a new research direction for hafnia-based ferroelectric memory." He added, "Through follow-up research, we aim to develop low-power, high-speed, and high-density memory devices, contributing to solving power issues in data centers and artificial intelligence applications."

The research was conducted with the support from the Project for Next-generation Intelligent Semiconductor Technology Development of the Ministry of Science and ICT (National Research Foundation of Korea) and Samsung Electronics.
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Uncovering the nature of emergent magnetic monopoles | ScienceDaily
Magnetic monopoles are elementary particles with isolated magnetic charges in three dimensions. In other words, they behave as isolated north or south poles of a magnet. Magnetic monopoles have attracted continuous research interest since physicist Paul Dirac's first proposal in 1931. However, real magnetic monopoles have not yet been observed and their existence remains an open question. On the other hand, scientists have discovered quasi-particles that mathematically behave as magnetic monopoles in condensed matter systems, resulting in interesting phenomena.


						
Recently, researchers discovered that a material called manganese germanide (MnGe) has a unique periodic structure, formed by special magnetic configurations called hedgehogs and antihedgehogs, which is called a magnetic hedgehog lattice. In these special configurations, the magnetic moments point radially outward (hedgehog) or inward (antihedgehog), resembling the spines of a hedgehog. These hedgehogs and antihedgehogs act like magnetic monopoles and antimonopoles, serving as sources or sinks of emergent magnetic fields. MnGe exhibits what is known as a triple-Q hedgehog lattice. However, recent experiments have shown that the substitution of Ge with Si (MnSi1-xGex) transforms the arrangement into the quadruple-Q hedgehog lattice (4Q-HL). This new arrangement, also found in the perovskite ferrite SrFeO3, provides a promising avenue for studying and controlling the properties of hedgehog lattices. Moreover, these magnetic monopoles can also induce electric fields through moving following Maxwell's laws of electromagnetism. To understand the resulting new physical phenomena, it is essential to study the inherent excitations of hedgehog lattices.

In a recent study, Professor Masahito Mochizuki and Ph.D. course student Rintaro Eto, both from the Department of Applied Physics at Waseda University, theoretically studied the collective excitation modes of 4Q-HLs in MnSi1-xGex and SrFeO3. "Our research clarified the unknown dynamical nature of emergent magnetic monopoles in magnetic materials for the first time. This can inspire future experiments on hedgehog-hosting materials with applications in electronic devices and for bridging particle physics and condensed-matter physics," says Mochizuki. Their study was published in the journal Physical Review Letters on 31 May 2024.

Utilizing the three-dimensional Kondo-lattice model, the researchers reproduced the two distinct 4Q-HLs found in MnSi1-xGexand SrFeO3 and analyzed their dynamical properties. They discovered that the 4Q-HLs have collective excitation modes associated with the oscillation of Dirac strings. A Dirac string is a theoretical concept in quantum mechanics which describes a string that connects a magnetic monopole and a magnetic antimonopole, in this case, a hedgehog and an antihedgehog. The researchers found that the number of these excitation modes depends on the number and configuration of Dirac strings, offering a way to experimentally determine the spatial configuration of hedgehogs and antihedgehogs and their unique topology in real magnets such as MnSi1-xGexand SrFeO3. This finding offers insights into the dynamics of hedgehog lattices in other magnets as well. Moreover, the finding enables us to switch on and off the excitation modes through controlling the presence or absence of the Dirac strings with external magnetic field.

Explaining the significance of their results, Eto remarks, "The collective spin excitation modes revealed in the study are elementary excitations that directly reflect the presence (or absence) of emergent magnetic monopoles. Thus, our findings will be a fundamental guideline for studying more detailed dynamical nature of emergent monopoles in magnetic materials in the future. Moreover, they might become the building blocks of novel field-switchable spintronic devices such as nano-sized power generators, light-voltage converters, and light/microwave filters based on emergent electromagnetism."

These discoveries have the potential to open new research avenues in fundamental physics and lead to the development of new technologies involving emergent magnetic monopoles in magnets.
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An AI-powered wearable system tracks the 3D movement of smart pills in the gut | ScienceDaily
Scientists at the University of Southern California have developed an artificial intelligence (AI)-powered system to track tiny devices that monitor markers of disease in the gut. Devices using the novel system may help at-risk individuals monitor their gastrointestinal (GI) tract health at home, without the need for invasive tests in hospital settings. This work appears June 12 in the journal Cell Reports Physical Science.


						
"Ingestibles are like Fitbits for the gut," says author Yasser Khan, assistant professor of electrical and computer engineering at the University of Southern California. "But tracking them once swallowed has been a significant challenge."

Gas that is formed in the intestines when bacteria break down food can offer insights into a person's health. Currently, to measure GI tract gases, physicians either use direct methods such as flatus collection and intestinal tube collection, or indirect methods such as breath testing and stool analysis. Ingestible capsules -- devices that a user swallows -- offer a promising alternative, but no such technologies have been developed for precise gas sensing.

To tackle this problem, Khan and colleagues developed a system that includes a wearable coil, which the user can conceal under a t-shirt or other clothing. The coil creates a magnetic field, which interacts with sensors embedded in an ingestible pill after it has been swallowed. AI analyzes the signals the pill receives, pinpointing where the device is located in the gut within less than a few millimeters. In addition, the system monitors 3D real-time concentrations of ammonia, a proxy for a bacteria linked with ulcers and gastric cancer, via the device's optical gas-sensing membranes.

While previous attempts to track ingestibles as they journey through the gut have relied on bulky desktop coils, the wearable coil can be used anywhere, says Khan. The technology may also have other applications beyond measuring GI tract gases, such as identifying inflammation in the gut caused by Crohn's disease and delivering drugs to precisely these regions.

The researchers tested the system's performance in a variety of mediums that mimic the GI tract, including a simulated cow intestine and liquids designed to replicate stomach and intestinal fluids.

"During these tests, the device demonstrated its ability to pinpoint its location and measure levels of oxygen and ammonia gases," says Khan. "Any ingestible device can utilize the technology we've developed."

However, there are still improvements to be made to the device, says Khan, such as designing it to be smaller and to use less power. Next, as they continue to hone the device, Khan and colleagues plan to test it in pigs in order to study its safety and effectiveness in an organism with human-like biology.

"Successful outcomes from these trials will bring the device nearer to readiness for human clinical trials," says Khan. "We are optimistic about the practicality of the system and believe it will soon be applicable for use in humans."
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AI-powered simulation training improves human performance in robotic exoskeletons | ScienceDaily
Researchers at North Carolina State University have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.


						
"This work proposes and demonstrates a new machine-learning framework that bridges the gap between simulation and reality to autonomously control wearable robots to improve mobility and health of humans," says Hao Su, corresponding author of a paper on the work which will be published June 12 in the journal Nature.

"Exoskeletons have enormous potential to improve human locomotive performance," says Su, who is an associate professor of mechanical and aerospace engineering at North Carolina State University. "However, their development and broad dissemination are limited by the requirement for lengthy human tests and handcrafted control laws.

"The key idea here is that the embodied AI in a portable exoskeleton is learning how to help people walk, run or climb in a computer simulation, without requiring any experiments," says Su.

Specifically, the researchers focused on improving autonomous control of embodied AI systems -- which are systems where an AI program is integrated into a physical robot technology. This work focused on teaching robotic exoskeletons how to assist able-bodied people with various movements. Normally, users have to spend hours "training" an exoskeleton so that the technology knows how much force is needed -- and when to apply that force -- to help users walk, run or climb stairs. The new method allows users to utilize the exoskeletons immediately.

"This work is essentially making science fiction reality -- allowing people to burn less energy while conducting a variety of tasks," says Su.

"We have developed a way to train and control wearable robots to directly benefit humans," says Shuzhen Luo, first author of the paper and a former postdoctoral researcher at NC State. Luo is now an assistant professor at Embry-Riddle Aeronautical University.




For example, in testing with human subjects, the researchers found that study participants used 24.3% less metabolic energy when walking in the robotic exoskeleton than without the exoskeleton. Participants used 13.1% less energy when running in the exoskeleton, and 15.4% less energy when climbing stairs.

"It's important to note that these energy reductions are comparing the performance of the robotic exoskeleton to that of a user who is not wearing an exoskeleton," Su says. "That means it's a true measure of how much energy the exoskeleton saves."

While this study focused on the researchers' work with able-bodied people, the new method also applies to robotic exoskeleton applications aimed at helping people with mobility impairments.

"Our framework may offer a generalizable and scalable strategy for the rapid development and widespread adoption of a variety of assistive robots for both able-bodied and mobility-impaired individuals," Su says.

"We are in the early stages of testing the new method's performance in robotic exoskeletons being used by older adults and people with neurological conditions, such as cerebral palsy. And we are also interested in exploring how the method could improve the performance of robotic prosthetic devices for amputee populations."

This research was done with support from the National Science Foundation under awards 1944655 and 2026622; the National Institute on Disability, Independent Living, and Rehabilitation Research, under award 90DPGE0019 and Switzer Research Fellowship SFGE22000372; and the National Institutes of Health, under award 1R01EB035404.

Shuzhen Luo and Hao Su are co-inventors on intellectual property related to the controller discussed in this work. Su is also a co-founder of, and has a financial interest in, Picasso Intelligence, LLC, which develops exoskeletons.
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Hybrid work is a 'win-win-win' for companies, workers | ScienceDaily
It is one of the most hotly debated topics in today's workplace: Is allowing employees to log in from home a few days a week good for their productivity, careers, and job satisfaction?


						
Nicholas Bloom, a Stanford economist and one of the foremost researchers on work-from-home policies, has uncovered compelling evidence that hybrid schedules are a boon to both employees and their bosses.

In a study, newly published in the journal Nature, of an experiment on more than 1,600 workers at Trip.com -- a Chinese company that is one of the world's largest online travel agencies -- Bloom finds that employees who work from home for two days a week are just as productive and as likely to be promoted as their fully office-based peers.

On a third key measure, employee turnover, the results were also encouraging. Resignations fell by 33 percent among workers who shifted from working full-time in the office to a hybrid schedule. Women, non-managers, and employees with long commutes were the least likely to quit their jobs when their treks to the office were cut to three days a week. Trip.com estimates that reduced attrition saved the company millions of dollars.

"The results are clear: Hybrid work is a win-win-win for employee productivity, performance, and retention," says Bloom, who is the William D. Eberle Professor of Economics at the Stanford School of Humanities and Sciences and also a senior fellow at the Stanford Institute for Economic Policy Research (SIEPR).

The findings are especially significant given that, by Bloom's count, about 100 million workers worldwide now spend a mix of days at home and in the office each week, more than four years after COVID-19 pandemic lockdowns upended how and where people do their jobs. Many of these hybrid workers are lawyers, accountants, marketers, software engineers and other with a college degree or higher.

Over time, though, working outside the office has come under attack from high-profile business leaders like Elon Musk, the head of Tesla, SpaceX, and X (formerly Twitter), and Jamie Dimon, CEO of JPMorgan Chase, who argue that the costs of remote work outweigh any benefits. Opponents say that employee training and mentoring, innovation, and company culture suffer when workers are not on site five days a week.




Blooms says that critics often confuse hybrid for fully remote, in part because most of the research into working from home has focused on workers who aren't required to come into an office and on a specific type of job, like customer support or data entry. The results of these studies have been mixed, though they tend to skew negative. This suggests to Bloom that problems with fully remote work arise when it's not managed well.

As one of the few randomized control trials to analyze hybrid arrangements -- where workers are offsite two or three days a week and are in the office the rest of the time -- Bloom says his findings offer important lessons for other multinationals, many of which share similarities with Trip.com.

"This study offers powerful evidence for why 80 percent of U.S. companies now offer some form of remote work," Bloom says, "and for why the remaining 20 percent of firms that don't are likely paying a price."

The research is also the largest to date of hybrid work involving university-trained professionals that relies on the gold standard in research, the randomized controlled trial. This allowed Bloom and his co-authors to show that the benefits they identify resulted from Trip.com's hybrid experiment and not something else.

In addition to Bloom, the study's authors are Ruobing Han, an assistant professor at The Chinese University of Hong Kong, and James Liang, an economics professor at Peking University and co-founder of Trip.com. Han and Liang both earned their PhDs in economics from Stanford.

The hybrid approach: Only winners

Trip.com didn't have a hybrid work policy when it undertook the 6-month experiment starting in 2021 that is at the heart of the study. In all, 395 managers and 1,217 non-managers with undergraduate degrees -- all of whom worked in engineering, marketing, accounting, and finance in the company's Shanghai office -- participated. Employees whose birthdays fell on an even-numbered day of the month were told to come to the office five days a week. Workers with odd-numbered birthdays were allowed to work from home two days a week.




Of the study participants, 32 percent also had postgraduate degrees, mostly in computer science, accounting or finance. Most were in their mid-30s, half had children, and 65 percent were male.

In finding that hybrid work not only helps employees, but also companies, the researchers relied on various company data and worker surveys, including performance reviews and promotions for up to two years after the experiment. Trip.com's thorough performance review process includes evaluations of an employee's contributions to innovation, leadership, and mentoring.

The study authors also compared the quality and amount of computer code written by Trip.com software engineers who were hybrid against code produced by peers who were in the office full-time.

In finding that hybrid work had zero effect on workers' productivity or career advancement and dramatically boosted retention rates, the study authors highlight some important nuances. Resignations, for example, fell only among non-managers; managers were just as likely to quit whether they were hybrid or not.

Bloom and his coauthors identify misconceptions held by workers and their bosses. Workers, especially women, were reluctant to sign up as volunteers for Trip.com's hybrid trial -- likely for fear that they would be judged negatively for not coming into the office five days a week, Bloom says. In addition, managers predicted on average that remote working would hurt productivity, only to change their minds by the time the experiment ended.

For business leaders, Bloom says the study confirms that concerns that hybrid work does more harm than good are overblown.

"If managed right, letting employees work from home two or three days a week still gets you the level of mentoring, culture-building, and innovation that you want," Bloom says. "From an economic policymaking standpoint, hybrid work is one of the few instances where there aren't major trade-offs with clear winners and clear losers. There are almost only winners."

Trip.com was sold: It now allows hybrid work company-wide.
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Wind from black holes may influence development of surrounding galaxies | ScienceDaily
Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.


						
A team of researchers led by University of Wisconsin-Madison astronomy professor Catherine Grier and recent graduate Robert Wheatley revealed the accelerating gas using years of data collected from a quasar, a particularly bright and turbulent kind of black hole, billions of light years away in the constellation Bootes. They presented their findings today at the 244th meeting of the American Astronomical Society in Madison.

Scientists believe black holes are situated at the center of most galaxies. Quasars are supermassive black holes surrounded by disks of matter being pulled in by the black hole's enormous gravitational power.

"The material in that disk is always falling into the black hole, and the friction of that pulling and pulling heats up the disk and makes it very, very hot and very, very bright," says Grier. "These quasars are really luminous, and because there's a large range of temperatures from the interior to the far parts of the disk, their emission covers almost all of the electromagnetic spectrum."

The bright light makes quasars nearly as old as the universe (as many as 13 billion light years away) visible, and the broad range of their radiation makes them particularly useful for astronomers to probe the early universe.

Researchers used more than eight years of observations of a quasar called SBS 1408+544, collected by a program carried out by the Sloan Digital Sky Survey now known as the Black Hole Mapper Reverberation Mapping Project. They tracked winds composed of gaseous carbon by spotting light from the quasar that was missing -- light that was being absorbed by the gas. But instead of being absorbed at exactly the right spot in the spectrum that would indicate carbon, the shadow shifted farther from home with every new look at SBS 1408+544.

"That shift tells us the gas is moving fast, and faster all the time," says Wheatley. "The wind is accelerating because it's being pushed by radiation that is blasted off of the accretion disk."

Scientists, including Grier, have suggested they've observed accelerating winds from black hole accretion disks before, but this had not yet been backed by data from more than a few observations. The new results came from about 130 observations of SBS 1408+544 made over nearly a decade, which allowed the team to solidly identify the increase in velocity with high confidence.




The winds pushing gas out from the quasar are of interest to astronomers because they are a way in which the supermassive black holes might influence the evolution of the galaxies that surround them.

"If they're energetic enough, the winds may travel all the way out into the host galaxy, where they could have a significant impact," Wheatley says.

Depending on the circumstances, a quasar's winds could supply pressure that squeezes gas together and speeds the birth of a star in its host galaxy. Or it could scour away that fuel and keep a potential star from forming.

"Supermassive black holes are big, but they're really tiny compared to their galaxies," says Grier, whose work is supported by the National Science Foundation. "That doesn't mean they can't 'talk' to each other, and this is a way for one to talk to the other that we will have to account for when we model the effects of these kinds of black holes."

The study of SBS 1408+544, published today in The Astrophysical Journal included collaborators at York University, Pennsylvania State University, University of Arizona and others.

This research was funded in part by grants from the National Science Foundation (AST-2310211 and AST-2309930).
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How do supermassive black holes get super massive? | ScienceDaily
By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies. Using this hybrid approach, a research team led by Penn State astronomers derived a complete picture of black-hole growth over 12 billion years, from the Universe's infancy at around 1.8 billion years old to now at 13.8 billion years old.


						
The research comprises two papers, one published in The Astrophysical Journal in April 2024, and one as yet unpublished that will be submitted to the same journal. The results will be presented at the 244th meeting of the American Astronomical Society, held June 9 through June 13 at the Monona Terrace Convention Center in Madison, Wisconsin. 

"Supermassive black holes in galaxy centers have millions-to-billions of times the mass of the Sun," said Fan Zou, a graduate student at Penn State and first author of the papers. "How do they become such monsters? This is a question that astronomers have been studying for decades, but it has been difficult to track all the ways black holes can grow reliably."

Supermassive black holes grow through a combination of two main channels. They consume cold gas from their host galaxy -- a process called accretion -- and they can merge with other supermassive black holes when galaxies collide.

"During the process of consuming gas from their hosting galaxies, black holes radiate strong X-rays, and this is the key to tracking their growth by accretion," said W. Niel Brandt, Eberly Family Chair Professor of Astronomy and Astrophysics and professor of physics at Penn State and a leader of the research team. "We measured the accretion-driven growth using X-ray sky survey data accumulated over more than 20 years from three of the most powerful X-ray facilities ever launched into space."

The research team used complementary data from NASA's Chandra X-ray Observatory, the European Space Agency's X-ray Multi-Mirror Mission-Newton (XMM-Newton), and the Max Planck Institute for Extraterrestrial Physics' eROSITA telescope. In total, they measured the accretion-driven growth in a sample of 1.3 million galaxies that contained over 8,000 rapidly growing black holes.

"All of the galaxies and black holes in our sample are very well characterized at multiple wavelengths, with superb measurements in the infrared, optical, ultraviolet, and X-ray bands," Zou said. "This allows for robust conclusions, and the data show that, at all cosmic epochs, more massive galaxies grew their black holes by accretion faster. With the quality of the data, we were able to quantify this important phenomenon much better than in past works."

The second way that supermassive black holes grow is through mergers, where two supermassive black holes collide and merge together to form a single, even more massive, black hole. To track growth by mergers, the team used IllustrisTNG, a set of supercomputer simulations that model galaxy formation, evolution, and merging from shortly after the Big Bang until the present.




"In our hybrid approach, we combine the observed growth by accretion with the simulated growth through mergers to reproduce the growth history of supermassive black holes," Brandt said. "With this new approach, we believe we have produced the most realistic picture of the growth of supermassive black holes up to the present day."

The researchers found that, in most cases, accretion dominated black-hole growth. Mergers made notable secondary contributions, especially over the past 5 billion years of cosmic time for the most-massive black holes. Overall, supermassive black holes of all masses grew much more rapidly when the Universe was younger. Because of this, the total number of supermassive black holes was almost settled by 7 billion years ago, while earlier in the Universe many new ones kept emerging.

"With our approach, we can track how central black holes in the local universe most likely grew over cosmic time," Zou said. "As an example, we considered the growth of the supermassive black hole in the center of our Milky Way Galaxy, which has a mass of 4 million solar masses. Our results indicate that our Galaxy's black hole most likely grew relatively late in cosmic time."

In addition to Zou and Brandt, the research team includes Zhibo Yu, graduate student at Penn State; Hyungsuk Tak, assistant professor of statistics and of astronomy and astrophysics at Penn State; Elena Gallo at the University of Michigan; Bin Luo at Nanjing University in China; Qingling Ni at the Max Planck Institute for Extraterrestrial Physics in Germany; Yongquan Xue at the University of Science and Technology of China; and Guang Yang at the University of Groningen in the Netherlands.

Funding from the U.S. National Science Foundation, the Chandra X-ray Center, and Penn State supported this work. The work was also made possible by the sharing of the IllustrisTNG simulation results with the scientific community.
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Female AI 'teammate' generates more participation from women | ScienceDaily
An artificial intelligence-powered virtual teammate with a female voice boosts participation and productivity among women on teams dominated by men, according to new Cornell University research.


						
The findings suggest that the gender of an AI's voice can positively tweak the dynamics of gender-imbalanced teams and could help inform the design of bots used for human-AI teamwork, researchers said.

The findings mirror previous research that shows minority teammates are more likely to participate if the team adds members similar to them, said Angel Hsing-Chi Hwang, postdoctoral associate in information science and lead author of the paper.

To better understand how AI can help gender-imbalanced teams, Hwang and Andrea Stevenson Won, associate professor of communication and the paper's co-author, carried out an experiment with around 180 men and women who were assigned to groups of three and asked to collaborate virtually on a set of tasks (the study only included participants who identified as either male or female).

Each group had either one woman or one man and a fourth agent in the form of an abstract shape with either a male or female voice, which would appear on screen and read instructions, contribute an idea and handle timekeeping. There was a catch -- the bot wasn't completely automated. In what's referred to in human-computer interaction as a "Wizard of Oz" experiment, Hwang was behind the scenes, feeding lines generated by ChatGPT into the bot.

After the experiment, Hwang and Won analyzed the chat logs of team conversations to determine how often participants offered ideas or arguments. They also asked participants to reflect on the experience.

"When we looked at participants' actual behaviors, that's where we started to see differences between men and women and how they were reacting when there was either a female agent or a male agent on the team," she said.

"One interesting thing about this study is that most participants didn't express a preference for a male- or female-sounding voice," Won said. "This implies that people's social inferences about AI can be influential even when people don't believe they are important."

When women were in the minority, they participated more when the AI's voice was female, while men in the minority were more talkative but were less focused on tasks when working with a male-sounding bot, researchers found. Unlike the men, women reported significantly more positive perceptions of the AI teammate when women were the minority members, according to researchers.

"With only a gendered voice, the AI agent can provide a small degree of support to women minority members in a group," said Hwang.
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From seashells to cement, nature inspires tougher building material | ScienceDaily
Inspired by the material that makes up oyster and abalone shells, engineers at Princeton have created a new cement composite that is 17 times more crack-resistant than standard cement and 19 times more able to stretch and deform without breaking. The findings could eventually help increase the crack resistance of a wide range of brittle ceramic materials, from concrete to porcelain.


						
"If we can engineer concrete to resist crack propagation, we can make it tougher, safer and more durable," said researcher Shashank Gupta, a graduate student in Reza Moini's lab in the Department of Civil and Environmental Engineering.

In an article published June 10 in the journal Advanced Functional Materials, the research team led by Moini, an assistant professor of civil and environmental engineering, reported that creating alternating layers of tabulated cement paste and thin polymer can significantly increase crack resistance and the ability to deform without completely breaking (ductility).

Moini's lab often looks to biology for inspiration in its work on building materials. In this case, the team developed a composite inspired by a natural material called nacre, or mother of pearl, which is found inside certain shells. Gupta said that at the microscopic level, nacre consists of hexagonal tablets of the hard mineral aragonite glued together by a soft biopolymer.

The aragonite tablets contribute significantly to nacre's strength, while the biopolymer adds flexibility and crack resistance. The toughening mechanism involves the aragonite tablets sliding under stress, which, along with other mechanisms, allows the nacre to dissipate energy. This sliding action, combined with the crack deflection and biopolymer deformation, enables nacre to endure substantial mechanical stress while maintaining its structural integrity, making it both strong and resilient.

"This synergy between the hard and soft components is crucial to nacre's remarkable mechanical properties," Gupta said.

The Princeton team has developed innovative composites inspired by nacre, utilizing conventional construction materials like Portland cement paste combined with a limited amount of polymer. They alternated layers of cement paste sheets with a highly stretchable polymer, polyvinyl siloxane. The researchers created multi-layered small beams by alternating cement paste sheets with thin layers of polymer. These beams were then subjected to a notched three-point bending test, where each beam was tested under flexure to evaluate crack resistance (or fracture toughness).




In the experiment, the researchers produced three types of beams. The first type consisted of alternating layers of cement paste sheets and thin polymer. For the second type, they used a laser to engrave hexagonal grooves into the cement paste sheets. These grooved sheets were then stacked with thin polymer layers in between. The third type was similar to the third, but the researchers cut through the cement completely, creating separated hexagonal tablets connected by the polymer layer. These cement-paste tablets lay atop the polymer layer similarly to how aragonite lies on the biopolymer layer in nacre. These three types were compared against a reference solid (monolithic) cast cement paste counterpart.

The experiments revealed that the failure of the reference beams was brittle -- meaning that the beams broke suddenly and completely upon reaching their failure point, with no ductility. The beams with alternating layers, both grooved and non-grooved, demonstrated increased ductility and resistance to cracking.

The most significant results were observed in the beams with completely separated hexagonal tablets, which are similar to nacre. These beams exhibited 19 times the ductility and 17 times the fracture toughness while retaining nearly the same strength as the solid cement paste beam.

"Our bio-inspired approach is not to simply mimic nature's microstructure but to learn from the underlying principles and use that to inform the engineering of human-made materials. One of the key mechanisms that makes a nacreous shell tough is the sliding of the tablet at the nanometer level. Here, we focus on the mechanism of tablet sliding by engineering the built-in tabulated structure of cement paste in balance with the properties of the polymer and the interface between them." Moini said. "In other words, we intentionally engineer defects in the brittle materials as a way to make them stronger by design."

The researchers noted that the findings are based on lab conditions and that it would take additional work and research to develop the techniques for use in the field. They are working to determine whether the structures' fracture toughness and ductility apply to other ceramic materials beyond cement paste, such as concrete.

"We are only scratching the surface; there will be numerous design possibilities to explore and engineer the constitutive hard and soft material properties, the interfaces, and the geometric aspects that play into the fundamental size effects in construction materials," Moini said.
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3D-printed mini-actuators can move small soft robots, lock them into new shapes | ScienceDaily
Researchers from North Carolina State University have demonstrated miniature soft hydraulic actuators that can be used to control the deformation and motion of soft robots that are less than a millimeter thick. The researchers have also demonstrated that this technique works with shape memory materials, allowing users to repeatedly lock the soft robots into a desired shape and return to the original shape as needed.


						
"Soft robotics holds promise for many applications, but it is challenging to design the actuators that drive the motion of soft robots on a small scale," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at NC State. "Our approach makes use of commercially available multi-material 3D printing technologies and shape memory polymers to create soft actuators on a microscale that allow us to control very small soft robots, which allows for exceptional control and delicacy."

The new technique relies on creating soft robots that consist of two layers. The first layer is a flexible polymer that is created using 3D printing technologies and incorporates a pattern of microfluidic channels -- essentially very small tubes running through the material. The second layer is a flexible shape memory polymer. Altogether, the soft robot is only 0.8 millimeters thick.

By pumping fluid into the microfluidic channels, users create hydraulic pressure that forces the soft robot to move and change shape. The pattern of microfluidic channels controls the motion and shape change of the soft robot -- whether it bends, twists, or so on. In addition, the amount of fluid being introduced, and how quickly it is introduced, controls how quickly the soft robot moves and the amount of force the soft robot exerts.

If users wish to 'freeze' the soft robot's shape, they can apply moderate heat (64C, or 147F), and then let the robot cool briefly. This prevents the soft robot from reverting to its original shape, even after the liquid in the microfluidic channels is pumped out. If users want to return the soft robot to its original shape, they simply apply the heat again after pumping out the liquid, and the robot relaxes to its original configuration.

"A key factor here is fine-tuning the thickness of the shape memory layer relative to the layer that contains the microfluidic channels," says Yinding Chi, co-lead author of the paper and a former Ph.D. student at NC State. "You need the shape memory layer to be thin enough to bend when the actuator's pressure is applied, but thick enough to get the soft robot to retain its shape even after the pressure is removed."

To demonstrate the technique, the researchers created a soft robot "gripper," capable of picking up small objects. The researchers applied hydraulic pressure, causing the gripper to pinch closed on an object. By applying heat, the researchers were able to fix the gripper in its "closed" position, even after releasing pressure from the hydraulic actuator. The gripper could then be moved -- transporting the object it held -- into a new position. Researchers then applied heat again, causing the gripper to release the object it had picked up. Video of these soft robots in action can be found at https://youtu.be/5SIwsw9IyIc.




"Because these soft robots are so thin, we can heat them up to 64C quickly and easily using a small infrared light source -- and they also cool very quickly," says Haitao Qing, co-lead author of the paper and a Ph.D. student at NC State. "So this entire series of operations only takes about two minutes.

"And the movement does not have to be a gripper that pinches," says Qing. "We've also demonstrated a gripper that was inspired by vines in nature. These grippers quickly wrap around an object and clasp it tightly, allowing for a secure grip.

"This paper serves as a proof-of-concept for this new technique, and we're excited about potential applications for this class of miniature soft actuators in small-scale soft robots, shape-shifting machines, and biomedical engineering."

This work was done with support from the National Science Foundation under grants 2126072 and 2329674.
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New biomarker database designed to improve astronaut health may also be useful to earthlings | ScienceDaily
As space travel becomes more frequent, a new biomarker tool was developed by an international team of researchers to help improve the growing field of aerospace medicine and the health of astronauts.


						
Dr. Guy Trudel (Professor in the Faculty of Medicine), Odette Laneuville (Associate Professor, Faculty of Science, and Director of the Biomedical Sciences) and Dr. Martin Pelchat (Associate Professor in the Department of Biochemistry, Microbiology and Immunology) are among the contributors to an international study led by Eliah Overbey of Weill Cornell Medicine and the University of Austin. Published today in Nature it introduces the Space Omics and Medical Atlas (SOMA), a database of integrated data and sample repository from a diverse range of space missions, including from SpaceX and NASA.

Space travel creates cellular, molecular, and physiological shifts in astronauts. SOMA is expected to provide a much necessary biomedical profiling that can help tease out the short and long-term health impacts of spaceflight. This will bring needed health monitoring, risk mitigation, and countermeasures baseline data for upcoming lunar, Mars, and exploration-class missions. It is meant to help keep astronauts and space travelers alive and healthy.

It may also have some intended use here on Earth.

"This represents a breakthrough in the study of human adaptation and life in space. Since many of the changes in astronaut in space resemble those of people who are immobile in bed, these studies can be clinically relevant. The data are therefore important for future space exploration while also providing a correlation to people on Earth with limited mobility or who are bedridden before their rehabilitation," says Dr. Trudel, a rehabilitation physician and researcher at The Ottawa Hospital who has focused on space travel and its effects on the human immune system.

Highlights of the study, include:
    	The Atlas includes extensive molecular and physiological profiles encompassing genomics, epigenomics, transcriptomics, proteomics, metabolomics, and microbiome data sets, which reveal some consistent features across missions.
    	Samples were taken pre-flight, during, post-flight and throughout the recovery period.
    	Comprehensive profile of the physiological changes of the I4 crew (ages 29, 38, 42, 51) and 13 unique biospecimen sample types were collected and processed.
    	2,911 samples were banked with over 1,000 samples processed for sequencing, imaging, and biochemical analysis creating the first-ever aerospace medicine biobank.
    	The SOMA resource represents an over 10-fold increase in total publicly available human space omics data.

"The University of Ottawa's Faculty of Medicine, its Faculty of Science, and The Ottawa Hospital's Bone and Joint Research laboratory have a long history of contributions and successes in studying human adaptation to space. They also involve students from different programs, providing a unique learning experience in both bone and joint health, and in the rapidly developing field of aerospace medicine," adds Dr. Trudel.
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Virtual reality as a reliable shooting performance-tracking tool | ScienceDaily
Virtual reality technology can do more than teach weaponry skills in law enforcement and military personnel, a new study suggests: It can accurately record shooting performance and reliably track individuals' progress over time.


						
In the study of 30 people with a range of experience levels in handling a rifle, researchers at The Ohio State University found that a ballistic simulator captured data on the shooters' accuracy, decision-making and reaction time -- down to the millimeter in distance and millisecond in time -- on a consistent basis.

In addition to confirming that the simulator -- called the VirTra V-100 -- is a dependable research tool, the findings could lead to establishing the first-ever standardized performance scores for virtual reality ballistics training.

"To our knowledge, we're the first team to answer the question of whether the simulator could be converted to an assessment tool and if it's credible to use it day-to-day," said Alex Buga, first author of the study and a PhD student in kinesiology at Ohio State.

"We've figured out how to export the data and interpret it. We've focused on the three big challenges of marksmanship, decision-making and reaction time to measure 21 relevant variables -- allowing us to put a report in a user's hand and say, 'This is how accurate, precise, focused and fast you are.'"

The study was published online June 6 in The Journal of Strength and Conditioning Research.

U.S. military leaders and law enforcement agencies have shown an interest in increasing the use of virtual reality for performance assessment, said Buga and senior study author Jeff Volek, professor of human sciences at Ohio State. Earlier this year, an Ohio Attorney General Task Force on the Future of Police Training in Ohio recommended incorporating virtual reality technology into training protocols.




Volek is the principal investigator on a $10 million U.S. Department of Defense grant focused on improving the health of military service members, veterans and the American public. As part of that initiative, the research team is investigating the extent to which nutritional ketosis reduces detrimental effects of sleep loss on cognitive and physical performance in ROTC cadets -- including their shooting ability as measured by the VirTra simulator. Verifying the simulator's results for research purposes triggered the attempt to extract and analyze its data.

"We were using it as an outcome variable for research, and we found that it has very good day-to-day reproducibility of performance, which is crucial for research," Volek said. "You want a sensitive and reproducible outcome in your test where there's not a lot of device or equipment variation."

Because the lab also focuses on human performance in first responders, researchers' conversations with military and law enforcement communities convinced Buga that data collected by the simulator could be more broadly useful.

"I created a few programs that enabled us to calculate the shooting data and produce objective training measures," he said. "This equipment is close to what the military and police use every day, so this has potential to be used as a screening tool across the country."

Users of the simulator operate the infrared-guided M4 rifle by shooting at a large screen onto which different digitally generated visuals are projected -- no headset required. The rifle at Ohio State has been retrofitted to produce the same recoil as a police or military weapon.

The study participants included civilians, police and SWAT officers, and ROTC cadets. Each was first familiarized in a single learning session with the simulator and then completed multiple rounds of three different tasks in each of three study performance sessions.




In the first task, participants fired at the same target a total of 50 times to produce measures of shooting precision. The decision-making assessment involved shooting twice within two seconds at designated shapes and colors on a screen displaying multiple shape and color choices. In the reaction-time scenario, participants shot at a series of plates from left to right as rapidly as possible.

Internal consistency ratings showed the simulator generated good to excellent test-retest agreement on the 21 variables measured.

All participants were well-rested and completed the study sessions at about the same time of day. Self-evaluations showed that participants' overall confidence about their shooting performance increased from their first to final sessions. They also rated the simulator as a realistic and a low-stress shooting assessment tool.

The low stress and well-rested conditions were important to establishing baseline performance measures, the researchers noted, which then would enable evaluating how injuries and other physical demands of first-responder professions affect shooting performance.

"This simulator could be used to assess the effectiveness of specific training programs designed to improve shooting performance, or to evaluate marksmanship in response to various stressors encountered by the same law enforcement and military personnel," Buga said. "These novel lines of evidence have enabled us to push the boundaries of tactical research and set the groundwork for using virtual reality in sophisticated training scenarios that support national defense goals."

Additional co-authors, all from Ohio State, included Drew Decker, Bradley Robinson, Christopher Crabtree, Justen Stoner, Lucas Arce, Xavier El-Shazly, Madison Kackley, Teryn Sapper, John Paul Anders and William Kraemer.
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Scientists spot more Milky Way-like galaxies in early universe | ScienceDaily
University of Missouri scientists are peering into the past and uncovering new clues about the early universe. Since light takes a long time to travel through space, they are now able to see how galaxies looked billions of years ago.


						
In a new study, the Mizzou researchers have discovered that spiral galaxies were more common in the early universe than previously thought.

"Scientists formerly believed most spiral galaxies developed around 6 to 7 billion years after the universe formed," said Yicheng Guo, an associate professor in Mizzou's Department of Physics and Astronomy and co-author on the study. "However, our study shows spiral galaxies were already prevalent as early as 2 billion years afterward. This means galaxy formation happened more rapidly than we previously thought."

This insight could help scientists develop a better understanding of how spiral galaxies such as the Milky Way, Earth's home galaxy, formed over time.

"Knowing when spiral galaxies formed in the universe has been a popular question in astronomy because it helps us understand the evolution and history of the cosmos," said Vicki Kuhn, a graduate student in Mizzou's Department of Physics and Astronomy who led the study. "Many theoretical ideas exist about how spiral arms are formed, but the formation mechanisms can vary amongst different types of spiral galaxies. This new information helps us better match the physical properties of galaxies with theories -- creating a more comprehensive cosmic timeline."

Using recent images from NASA's James Webb Space Telescope (JWST), the scientists found that nearly 30% of galaxies have a spiral structure about 2 billion years after the universe formed. The discovery provides a significant update to the universe's origin story as previously told using data from NASA's Hubble Space Telescope.

Studying distant galaxies with JWST gives Guo, Kuhn and other scientists an opportunity to solve a cosmic puzzle by determining the meaning of each clue.

"Using advanced instruments such as JWST allows us to study more distant galaxies with greater detail than ever before," Guo said. "A galaxy's spiral arms are a fundamental feature used by astronomers to categorize galaxies and understand how they form over time. Even though we still have many questions about the universe's past, analyzing this data helps us uncover additional clues and deepens our understanding of the physics that shaped the nature of our universe."

"JWST Reveals a Surprisingly High Fraction of Galaxies Being Spiral-like at 0.5 [?] z [?] 4," was published in The Astrophysical Journal Letters. Additional co-authors are Alec Martin, Julianna Bayless, Ellie Gates and AJ Puleo. This project was supported by University of Missouri Research Council grants and the Missouri Space Grant Consortium.

This study was presented by Kuhn at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.
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New plasma escape mechanism could protect fusion vessels from excessive heat | ScienceDaily
The furious exhaust heat generated by a fusing plasma in a commercial-scale reactor may not be as damaging to the vessel's innards as once thought, according to researchers at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL), Oak Ridge National Laboratory and the ITER Organization (ITER).


						
"This discovery fundamentally changes how we think about the way heat and particles travel between two critically important regions at the edge of a plasma during fusion," said PPPL Managing Principal Research Physicist Choongseok Chang, who led the team of researchers behind the discovery. A new paper detailing their work was recently published in the journal Nuclear Fusion, following previous publications on the subject.

To achieve fusion, temperatures inside a tokamak -- the doughnut-shaped device that holds the plasma -- must soar higher than 150 million degrees Celsius. That's 10 times hotter than the center of the sun. Containing something that hot is challenging, even though the plasma is largely held away from the inner surfaces using magnetic fields. Those fields keep most of the plasma confined in a central region known as the core, forming a doughnut-shaped ring. Some particles and heat escape the confined plasma, however, and strike the material facing the plasma. New findings by PPPL researchers suggest that particles escaping the core plasma inside a tokamak collide with a larger area of the tokamak than once thought, greatly reducing the risk of damage.

Past research based on physics and experimental data from present-day tokamaks suggested exhaust heat would focus on a very narrow band along a part of the tokamak wall known as the divertor plates. Dedicated to removing exhaust heat and particles from the burning plasma, the divertor is critical to a tokamak's performance.

"If all of this heat hits this narrow area, then this part of the divertor plate will be damaged very quickly," said Chang, who works in the PPPL Theory Department. "It could mean frequent stretches of downtime. Even if you are just replacing this part of the machine, it's not going to be quick."

The problem hasn't stopped the operation of existing tokamaks which are not as powerful as those that will be needed for a commercial-scale fusion reactor. However, for the last few decades, there has been significant concern that a commercial-scale device would create plasmas so dense and hot that the divertor plates might be damaged. One proposed plan involved adding impurities to the edge of the plasma to radiate away the energy of the escaping plasma, reducing the intensity of the heat hitting the divertor material, but Chang said this plan was still challenging.

Simulating the escape route

Chang decided to study how the particles were escaping and where the particles would land on such a device as ITER, the multinational fusion facility under assembly in France. To do so, his group created a plasma simulation using a computer code known as X-Point Included Gyrokinetic Code (XGC). This code is one of several developed and maintained by PPPL that are used for fusion plasma research.




The simulation showed how plasma particles traveled across the magnetic field surface, which was intended to be the boundary separating the confined plasma from the unconfined plasma, including the plasma in the divertor region. This magnetic field surface -- generated by external magnets -- is called the last confinement surface. A couple of decades ago, Chang and his co-workers found that charged particles known as ions were crossing this barrier and hitting the divertor plates. They later discovered these escaping ions were causing the heat load to be focused on a very narrow area of the divertor plates.

A few years ago, Chang and his co-workers found that the plasma turbulence can allow negatively charged particles called electrons to cross the last confinement surface and widen the heat load by 10 times on the divertor plates in ITER. However, the simulation still assumed the last confinement surface was undisturbed by the plasma turbulence.

"In the new paper, we show that the last confinement surface is strongly disturbed by the plasma turbulence during fusion, even when there are no disturbances caused by external coils or abrupt plasma instabilities," Chang said. "A good last confinement surface does not exist due to the crazy, turbulent magnetic surface disturbance called homoclinic tangles."

In fact, Chang said the simulation showed that electrons connect the edge of the main plasma to the divertor plasmas. The path of the electrons as they follow the path of these homoclinic tangles widens the heat strike zone 30% more than the previous width estimate based on turbulence alone. "This means it is even less likely that the divertor surface will be damaged by the exhaust heat when combined with the radiative cooling of the electrons by impurity injection in the divertor plasma. The research also shows that the turbulent homoclinic tangles can reduce the likelihood of abrupt instabilities at the edge of the plasma, as they weaken their driving force."

"The last confinement surface in a tokamak should not be trusted," Chang said. "But ironically, it may raise fusion performance by lowering the chance for divertor surface damage in steady-state operation and eliminating the transient burst of plasma energy to divertor surface from the abrupt edge plasma instabilities, which are two among the most performance-limiting concerns in future commercial tokamak reactors."

This research received funding from the DOE's Fusion Energy Sciences and Advanced Scientific Computing Research to the SciDAC Partnership Center for High-fidelity Boundary Plasma Simulation under the contract DE-AC02-09CH11466.
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Researchers harness AI for autonomous discovery and optimization of materials | ScienceDaily
Today, researchers are developing ways to accelerate discovery by combining automated experiments, artificial intelligence and high-performance computing. A novel tool developed at Oak Ridge National Laboratory that leverages those technologies has demonstrated that AI can influence materials synthesis and conduct associated experiments without human supervision.


						
This autonomous materials synthesis tool uses pulsed laser deposition, or PLD, to deposit a thin layer of substance onto a base material. It then employs AI to analyze how the quality of the newly created material relates to the synthesis conditions, such as temperature, pressure and energy emitted during the PLD process. The AI suggests a revised set of conditions that may yield improved quality and then controls the PLD equipment to conduct the next experiment.

"We built computer control of all processes into the system and incorporated some hardware innovations to enable AI to drive experimentation," said the study's leader, Sumner Harris of the Center for Nanophase Materials Sciences at ORNL. "The automation allows us to perform our work 10 times faster, and the AI can understand huge parameter spaces with far fewer samples."
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Origins of fast radio bursts come into focus through polarized light | ScienceDaily
What scientists previously thought about where Fast Radio Bursts (FRBs) come from is just the tip of the iceberg, according to new research led by astronomers at the University of Toronto. The mysteries of the millisecond-long cosmic explosions are unfolding with a new way of analyzing data from the Canadian Hydrogen Intensity Mapping Experiment (CHIME).


						
Published today in The Astrophysical Journal, the study details the properties of polarized light from 128 non-repeating FRBs -- those from sources that have only produced a single burst to date. It finds that they appear to come from galaxies like our own Milky Way with modest densities and modest magnetic fields.

Previous studies of FRBs have focused on much smaller samples of hyperactive repeating sources that, in contrast, appear to originate in dense, extremely magnetized environments. Only about 3 per cent of known FRBs repeat, coming from a source that has produced multiple bursts since being found.

Most radio telescopes can only see small points in the sky, making it easier to focus on repeating FRBs with known positions. CHIME can survey an extremely large area of the sky to detect both repeating and non-repeating FRBs.

"This was the first look at the other 97 per cent," says lead author Ayush Pandhi, a PhD student at the Dunlap Institute for Astronomy & Astrophysics and the David A. Dunlap Department of Astronomy & Astrophysics at the University of Toronto. "It allows us to reconsider what we think FRBs are and see how repeating and non-repeating FRBs may be different."

First detected in 2007, FRBs are extremely energetic flashes from distant sources across the universe. While over 1,000 FRBs have been catalogued since then, scientists do not yet know exactly where or how they are produced. They have also questioned whether repeating and non-repeating FRBs originate in similar environments.

"This is a new way to analyze the data we have on FRBs. Instead of just looking at how bright something is, we're also looking at the angle of the light's vibrating electromagnetic waves," says Pandhi. "It gives you additional information about how and where that light is produced, and what it has passed through on its journey to us over many millions of light years."

All light travels as waves that we interpret as different colours depending on the lengths between its peaks and valleys. Much of the light in the universe travels in wavelengths that the human eye cannot see, including light from FRBs, but radio telescopes like CHIME can.




Polarized light is made up of waves that vibrate in a single plane -- vertically, horizontally, or another angle in between. The direction that light from FRBs is polarized was seen to change in two ways: with time and with the colour of the light. These changes can explain how an FRB might have been produced and what kind of material it passes through on its journey to Earth.

Studying how the direction of polarization changes for different colours of the light can tell us about the local density of where an FRB is produced and the strength of the magnetism that is present within it.

To determine what FRBs are and how they are produced, scientists need to understand their local environments. This study concludes that most FRBs, those that do not repeat, are not like the few repeating sources that have been previously studied. It suggests that this sample is either a separate population or more evolved versions of the same population that originate in a less extreme environment with a lower burst rate.

Collaborating institutions include the Dunlap Institute at the University of Toronto, the University of California Santa Cruz, University of Amsterdam and McGill University.

The CHIME project is co-led by the University of British Columbia, McGill University, University of Toronto and the Dominion Radio Astrophysical Observatory with collaborating institutions across North America. It is located at the Dominion Radio Astrophysical Observatory, a national facility for astronomy operated by the National Research Council of Canada, on the traditional, ancestral and unceded territory of the Syilx/Okanagan people.
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Algae offer real potential as a renewable electricity source | ScienceDaily
The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of Concordia researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.


						
Researchers at the Optical-Bio Microsystems Lab recently published a new paper on this topic in the journal Energies. In it, they describe their method of extracting energy from the photosynthesis process of algae suspended in a specialized solution and housed in small power cells. Configured correctly, these cells can generate enough energy to power low- and ultra-low power devices such as Internet of Things (IoT) sensors.

"The idea of the micro photosynthetic power cell is to extract electrons produced through the process of photosynthesis," says Kirankumar Kuruvinashetti, PhD 20, now a Mitacs postdoctoral associate at the University of Calgary.

"Photosynthesis produces oxygen and electrons. Our model traps the electrons, which allows us to generate electricity. So more than being a zero-emission technology, it's a negative carbon emission technology: it absorbs carbon dioxide from the atmosphere and gives you a current. Its only byproduct is water."

Power generated day and night

The micro photosynthetic power cell consists of an anode and a cathode chamber separated by a honeycomb-shaped proton exchange membrane. The researchers fabricated microelectrodes on both sides of the membrane to collect the charges released by the algae during photosynthesis. Each chamber measures only two centimetres by two centimetres by four millimetres.

The algae are suspended in a two-millilitre solution in the anode chamber while the cathode is filled with potassium ferricyanide, a type of electron acceptor. Once the algae undergo photosynthesis and begin to release electrons, the electrons will be collected through the membrane's electrodes and conducted, creating a current.




The protons, meanwhile, will pass through the membrane into the cathode and cause oxidation, resulting in a potassium ferrocyanide reduction.

The process also works without direct sunlight, though at a lower intensity, explains PhD candidate and paper co-author Dhilippan Panneerselvam.

"Just like humans, algae are constantly breathing -- but they intake carbon dioxide and release oxygen. Due to their photosynthesis machinery, they also release electrons during respiration. The electricity generation is not stopped. The electrons are continuously harvested."

Muthukumaran Packirisamy, professor in the Department of Mechanical, Industrial and Aerospace Engineering and the paper's corresponding author, admits the system is not yet able to compete in power generation with others like photovoltaic cells. The maximum possible terminal voltage of a single micro photosynthetic power cell is only 1.0V.

But he believes that, with enough research and development, including artificial intelligence-assisted integration technologies, this technology has the potential to be a viable, affordable and clean power source in the future.

It also offers significant manufacturing advantages over other systems, he says.

"Our system does not use any of the hazardous gases or microfibres needed for the silicon fabrication technology that photovoltaic cells rely on. Furthermore, disposing of silicon computer chips is not easy. We use biocompatible polymers, so the whole system is easily decomposable and very cheap to manufacture."
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How the immune system goes awry during space travel and the implications for human aging on earth | ScienceDaily
As long as humans have been traveling into space, astronauts have experienced significant health effects from the extreme conditions of space flight, notably the reduction of gravity.


						
Two Buck scientists led a team that has revealed for the first time how the lack of gravity affects the cells of the immune system at single cell resolution. As co-senior authors, along with Christopher E. Mason, PhD of Weill Cornell Medical College, Associate Professor David Furman, PhD and Associate Professor Daniel Winer, MD, published in the June 11, 2020 issue of Nature Communications an extensive survey of how gravity affects immune cells, and the identification of "space nutraceuticals" to counter aberrant effects of microgravity on these cells.

"We show how simulated microgravity shapes immune cells and how the changes in force alter the cells' function at the single cell level," said Winer. "This level of resolution is new and exciting in understanding the effects of microgravity on cells."

Using cells in simulated microgravity, combined with data from space flight from astronauts and mice on the International Space Station, the researchers created a complete picture of how the different cells of the immune system in the peripheral blood are shaped by reduced gravity. These cells include lymphocytes and monocytes, which are the main players in immunity.

The study has potential implications for immune aging on Earth since the changes observed during aging resemble those captured during space travel.

The team additionally outlines a pathway for identifying compounds that can reverse the effects of near zero gravity, and demonstrates that one of the compounds, quercetin, shows promise for mitigating the damage caused by spaceflight and during normal aging on the ground.

"Our work provides a resource to better understand how and why the immune system changes in simulated microgravity and spaceflight," said Furman. "We also provide a way to develop countermeasures to maintain normal immunity under these harsh conditions."

Astronauts in low earth orbit, such as on the International Space Station, suffer from immune system problems, especially infections, latent viruses reactivating, and skin sensitivity. These reactions occur even on short-term spaceflights.




Previous studies using actual or simulated microgravity conditions have found impaired function of various immune cells. However, the fundamental mechanisms, genes, and pathways that explain immune dysfunction in microgravity were mostly unclear, the researchers said. They wanted to understand what was happening on a cellular level to explain the changes.

The team, led by the study's co-first authors Buck postdoctoral researcher Fei Wu, PhD and graduate student Huixun Du, examined in depth how 25 hours of simulated microgravity affects the human peripheral blood mononuclear immune system, using samples from 27 healthy human donors between the ages of 20 and 46. To simulate an environment with almost no gravity, the team grew the cells inside of a Rotating Wall Vessel, a device developed by NASA to simulate microgravity conditions.

To explore the changes caused by reduced gravity, the team used a number of techniques, including sequencing and super-resolution microscopy. They then validated their findings by comparing their data with other space studies done in humans and mice, including the JAXA (Cell-Free Epigenome study) mission, SpaceX's Inspiration 4 mission, NASA's Twins Study, and spleens from mice housed on the International Space Station.

"Interestingly, changes in mechanical forces appear to orchestrate immune cell function," said Winer, whose interest in studying space medicine grew from him delving into the emerging field of mechanoimmunology, or how environmental forces affect immune cell function. Parts of astroimmunology are related to mechanoimmunolgy, but it is proving its own as a new field, he said, paving the way to better understand how to help the immune system survive in space.

After unearthing several genes and biochemical pathways that are affected by microgravity, the team wanted to see if they could find any specific drugs or supplements that could protect the immune cells. To help them search, they used machine learning technology developed by Furman at the Buck, which can detect more than 2 million interactions between genes and different drugs and foods.

They identified dozens of potential compounds and chose one, the plant pigment quercetin (often found in red onions, grapes, berries, apples and citrus fruits among others) to explore further since it is widely available as an antioxidant and anti-aging supplement. Quercetin turned out to reverse approximately 70 percent of the changes caused by lack of gravity and protected the cells from reactive oxygen species excess.




"These findings define hallmarks of immune cell alteration in simulated microgravity, with correlation to spaceflight exposures in mice and humans," said Winer. "This work helps define avenues for future research in mechanoimmunology and astroimmunology and provides opportunities to develop countermeasures to maintain normal cellular function in space."

Furman adds that this publication sets the standard for how to analyze the physiological changes that accompany space travel. "This is the first comprehensive study that provides the scientific community worldwide with an atlas to understand human biology in this extreme condition," he says.

"The implications are huge, beyond humans in space," he adds. The researchers are excited to explore the parallel changes they are finding that occur in aging humans on the ground, and to use the knowledge to design interventions that can potentially reverse the immune dysfunction that accompanies aging.
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Researchers create realistic virtual rodent | ScienceDaily
The agility with which humans and animals move is an evolutionary marvel that no robot has yet been able to closely emulate. To help probe the mystery of how brains control movement, Harvard neuroscientists have created a virtual rat with an artificial brain that can move around just like a real rodent.


						
Bence Olveczky, professor in the Department of Organismic and Evolutionary Biology, led a group of researchers who collaborated with scientists at Google's DeepMind AI lab to build a biomechanically realistic digital model of a rat. Using high-resolution data recorded from real rats, they trained an artificial neural network -- the virtual rat's "brain" -- to control the virtual body in a physics simulator called MuJoco, where gravity and other forces are present.

Publishing in Nature, the researchers found that activations in the virtual control network accurately predicted neural activity measured from the brains of real rats producing the same behaviors, said Olveczky, who is an expert at training (real) rats to learn complex behaviors in order to study their neural circuitry. The feat represents a new approach to studying how the brain controls movement, Olveczky said, by leveraging advances in deep reinforcement learning and AI, as well as 3D movement-tracking in freely behaving animals.

The collaboration was "fantastic," Olveczky said. "DeepMind had developed a pipeline to train biomechanical agents to move around complex environments. We simply didn't have the resources to run simulations like those, to train these networks."

Working with the Harvard researchers was, likewise, "a really exciting opportunity for us," said co-author and Google DeepMind Senior Director of Research Matthew Botvinick. "We've learned a huge amount from the challenge of building embodied agents: AI systems that not only have to think intelligently, but also have to translate that thinking into physical action in a complex environment. It seemed plausible that taking this same approach in a neuroscience context might be useful for providing insights in both behavior and brain function."

Graduate student Diego Aldarondo worked closely with DeepMind researchers to train the artificial neural network to implement what are called inverse dynamics models, which scientists believe our brains use to guide movement. When we reach for a cup of coffee, for example, our brain quickly calculates the trajectory our arm should follow and translates this into motor commands. Similarly, based on data from actual rats, the network was fed a reference trajectory of the desired movement and learned to produce the forces to generate it. This allowed the virtual rat to imitate a diverse range of behaviors, even ones it hadn't been explicitly trained on.

These simulations may launch an untapped area of virtual neuroscience in which AI-simulated animals, trained to behave like real ones, provide convenient and fully transparent models for studying neural circuits, and even how such circuits are compromised in disease. While Olveczky's lab is interested in fundamental questions about how the brain works, the platform could be used, as one example, to engineer better robotic control systems.

A next step might be to give the virtual animal autonomy to solve tasks akin to those encountered by real rats. "From our experiments, we have a lot of ideas about how such tasks are solved, and how the learning algorithms that underlie the acquisition of skilled behaviors are implemented," Olveczky continued. "We want to start using the virtual rats to test these ideas and help advance our understanding of how real brains generate complex behavior."
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Would astronauts' kidneys survive a roundtrip to Mars? | ScienceDaily
The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.


						
The study, published in Nature Communications, is the largest analysis of kidney health in space flight to date and includes the first health dataset for commercial astronauts. It is published as part of a Nature special collection of papers on space and health.

Researchers have known that space flight causes certain health issues since the 1970s, in the years after humans first travelled beyond Earth's magnetic field, most famously during the first moon landing in 1969. These issues include loss of bone mass, weakening of the heart and eyesight, and development of kidney stones.

It is thought that many of these issues stem from exposure to space radiation, such as solar winds from the Sun and Galactic Cosmic Radiation (GCR) from deep space, that the Earth's magnetic field protects us from on Earth1. As most manned space flights take place in Low Earth orbit (LEO) and receive partial protection from Earth's magnetic field, only the 24 people who have travelled to the moon have been exposed to unmitigated GCR and only for a short time (6-12 days).

Nobody has studied what changes might be happening in the kidneys and other organs as a result of conditions that would be experienced during space travel beyond Earth's magnetic field over longer periods.

In this Wellcome, St Peters Trust and Kidney Research UK (KRUK) funded study, a UCL-led team of researchers from over 40 institutions across five continents conducted a range of experiments and analyses to investigate how the kidneys respond to space flight.

This included biomolecular, physiological and anatomical assessments using data and samples from 20 study cohorts. This included samples from over 40 Low Earth orbit space missions involving humans and mice, most of which were to the International Space Station, as well as 11 space simulations involving mice and rats.




Seven of these simulations involved mice exposed to simulated GCR doses equivalent to 1.5-year and 2.5-year Mars Missions, mimicking space flight beyond Earth's magnetic field.

The results indicated that both human and animal kidneys are 'remodelled' by the conditions in space, with specific kidney tubules responsible for fine tuning calcium and salt balance showing signs of shrinkage after less than a month in space. Researchers say the likely cause of this is microgravity rather than GCR, though further research is required to determine if the interaction of microgravity and GCR can accelerate or worsen these structural changes.

The primary reason that kidney stones develop during space missions had previously been assumed to be solely due to microgravity-induced bone loss that leads to a build-up of calcium in the urine. Rather, the UCL team's findings indicated that the way the kidneys process salts is fundamentally altered by space flight and likely a primary contributor to kidney stone formation.

Perhaps the most alarming finding, at least for any astronaut considering a three-year round trip to Mars, is that the kidneys of mice exposed to radiation simulating GCR for 2.5 years experienced permanent damage and loss of function.

Dr Keith Siew, first author of the study from the London Tubular Centre, based at the UCL Department of Renal Medicine, said: "We know what has happened to astronauts on the relatively short space missions conducted so far, in terms of an increase in health issues such as kidney stones. What we don't know is why these issues occur, nor what is going to happen to astronauts on longer flights such as the proposed mission to Mars.

"If we don't develop new ways to protect the kidneys, I'd say that while an astronaut could make it to Mars they might need dialysis on the way back. We know that the kidneys are late to show signs of radiation damage; by the time this becomes apparent it's probably too late to prevent failure, which would be catastrophic for the mission's chances of success."

The authors say that though the results identify serious obstacles to a Mars mission, it is necessary to identify problems before solutions can be developed.




Professor Stephen B. Walsh, senior author of the study from the London Tubular Centre, UCL Department of Renal Medicine, said: "Our study highlights the fact that if you're planning a space mission, kidneys really matter. You can't protect them from galactic radiation using shielding, but as we learn more about renal biology it may be possible to develop technological or pharmaceutical measures to facilitate extended space travel.

"Any drugs developed for astronauts may also be beneficial here on Earth, for example by enabling cancer patients' kidneys to tolerate higher doses of radiotherapy, the kidneys being one of the limiting factors in this regard."

Though the study only describes what happens to the kidneys up to two and a half years, it is the most comprehensive data available for the time being.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240611130413.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New technique could help build quantum computers of the future | ScienceDaily
Quantum computers have the potential to solve complex problems in human health, drug discovery, and artificial intelligence millions of times faster than some of the world's fastest supercomputers. A network of quantum computers could advance these discoveries even faster. But before that can happen, the computer industry will need a reliable way to string together billions of qubits -- or quantum bits -- with atomic precision.


						
Connecting qubits, however, has been challenging for the research community. Some methods form qubits by placing an entire silicon wafer in a rapid annealing oven at very high temperatures. With these methods, qubits randomly form from defects (also known as color centers or quantum emitters) in silicon's crystal lattice. And without knowing exactly where qubits are located in a material, a quantum computer of connected qubits will be difficult to realize.

But now, getting qubits to connect may soon be possible. A research team led by Lawrence Berkeley National Laboratory (Berkeley Lab) says that they are the first to use a femtosecond laser to create and "annihilate" qubits on demand, and with precision, by doping silicon with hydrogen.

The advance could enable quantum computers that use programmable optical qubits or "spin-photon qubits" to connect quantum nodes across a remote network. It could also advance a quantum internet that is not only more secure but could also transmit more data than current optical-fiber information technologies.

"To make a scalable quantum architecture or network, we need qubits that can reliably form on-demand, at desired locations, so that we know where the qubit is located in a material. And that's why our approach is critical," said Kaushalya Jhuria, a postdoctoral scholar in Berkeley Lab's Accelerator Technology & Applied Physics (ATAP) Division. She is the first author on a new study that describes the technique in the journal Nature Communications. "Because once we know where a specific qubit is sitting, we can determine how to connect this qubit with other components in the system and make a quantum network."

"This could carve out a potential new pathway for industry to overcome challenges in qubit fabrication and quality control," said principal investigator Thomas Schenkel, head of the Fusion Science & Ion Beam Technology Program in Berkeley Lab's ATAP Division. His group will host the first cohort of students from the University of Hawaii in June as part of a DOE Fusion Energy Sciences-funded RENEW project on workforce development where students will be immersed in color center/qubit science and technology.

Forming qubits in silicon with programmable control 

The new method uses a gas environment to form programmable defects called "color centers" in silicon. These color centers are candidates for special telecommunications qubits or "spin photon qubits." The method also uses an ultrafast femtosecond laser to anneal silicon with pinpoint precision where those qubits should precisely form. A femtosecond laser delivers very short pulses of energy within a quadrillionth of a second to a focused target the size of a speck of dust.




Spin photon qubits emit photons that can carry information encoded in electron spin across long distances -- ideal properties to support a secure quantum network. Qubits are the smallest components of a quantum information system that encodes data in three different states: 1, 0, or a superposition that is everything between 1 and 0.

With help from Boubacar Kante, a faculty scientist in Berkeley Lab's Materials Sciences Division and professor of electrical engineering and computer sciences (EECS) at UC Berkeley, the team used a near-infrared detector to characterize the resulting color centers by probing their optical (photoluminescence) signals.

What they uncovered surprised them: a quantum emitter called the Ci center. Owing to its simple structure, stability at room temperature, and promising spin properties, the Ci center is an interesting spin photon qubit candidate that emits photons in the telecom band. "We knew from the literature that Ci can be formed in silicon, but we didn't expect to actually make this new spin photon qubit candidate with our approach," Jhuria said.

The researchers learned that processing silicon with a low femtosecond laser intensity in the presence of hydrogen helped to create the Ci color centers. Further experiments showed that increasing the laser intensity can increase the mobility of hydrogen, which passivates undesirable color centers without damaging the silicon lattice, Schenkel explained.

A theoretical analysis performed by Liang Tan, staff scientist in Berkeley Lab's Molecular Foundry, shows that the brightness of the Ci color center is boosted by several orders of magnitude in the presence of hydrogen, confirming their observations from laboratory experiments.

"The femtosecond laser pulses can kick out hydrogen atoms or bring them back, allowing the programmable formation of desired optical qubits in precise locations," Jhuria said.




The team plans to use the technique to integrate optical qubits in quantum devices such as reflective cavities and waveguides, and to discover new spin photon qubit candidates with properties optimized for selected applications.

"Now that we can reliably make color centers, we want to get different qubits to talk to each other -- which is an embodiment of quantum entanglement -- and see which ones perform the best. This is just the beginning," said Jhuria.

"The ability to form qubits at programmable locations in a material like silicon that is available at scale is an exciting step towards practical quantum networking and computing," said Cameron Geddes, Director of the ATAP Division.

Theoretical analysis for the study was performed at the Department of Energy's National Energy Research Scientific Computing Center (NERSC) at Berkeley Lab with support from the NERSC QIS@Perlmutter program.

The Molecular Foundry and NERSC are DOE Office of Science user facilities at Berkeley Lab.

This work was supported by the DOE Office of Fusion Energy Sciences.
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Trash-sorting robot mimics complex human sense of touch | ScienceDaily
Today's intelligent robots can accurately recognize many objects through vision and touch. Tactile information, obtained through sensors, along with machine learning algorithms, enables robots to identify objects previously handled.


						
However, sensing is often confused when presented with objects similar in size and shape, or objects unknown to the robot. Other factors restrictive to robot perception include background noise and the same type of object with different shapes and sizes.

In Applied Physics Reviews, by AIP Publishing, researchers from Tsinghua University worked to break through the difficulties of robotic recognition of various common, yet complex, items.

Humans possess many different types of touch sensing, one of which is thermal feeling. This allows us to sense the wind blowing, perceive hot and cold, and discriminate between matter types, such as wood and metal, because of the different cooling sensations produced. The researchers aimed to mimic this ability by designing a robotic tactile sensing method that incorporated thermal sensations for more robust and accurate object detection.

"We propose utilizing spatiotemporal tactile sensing during hand grasping to extend the robotic function and ability to simultaneously perceive multi-attributes of the grasped object, including thermal conductivity, thermal diffusivity, surface roughness, contact pressure, and temperature," said author Rong Zhu.

The team created a layered sensor with material detection at the surface and pressure sensitivity at the bottom, with a porous middle layer sensitive to thermal changes. They paired this sensor with an efficient cascade classification algorithm that rules out object types in order, from easy to hard, starting with simple categories like empty cartons before moving on to orange peels or scraps of cloth.

To test the capabilities of their method, the team created an intelligent robot tactile system to sort garbage. The robot picked up a range of common trash items, including empty cartons, bread scraps, plastic bags, plastic bottles, napkins, sponges, orange peels, and expired drugs. It sorted the trash into separate containers for recyclables, food scraps, hazardous waste, and other waste. Their system achieved a classification accuracy of 98.85% in recognizing diverse garbage objects not encountered previously. This successful garbage sorting behavior could greatly reduce human labor in real-life scenarios and provide a broad applicability for smart life technologies.

Future research in this area will focus on enhancing robotic embodied intelligence and autonomous implementation.

"In addition, by combining this sensor with brain-computer interface technology, tactile information collected by the sensor could be converted into neural signals acceptable to the human brain, re-empowering tactile perception capabilities for people with hand disabilities," said Zhu.
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Semiconductor doping and electronic devices: Heating gallium nitride and magnesium forms superlattice | ScienceDaily
A study led by Nagoya University in Japan revealed that a simple thermal reaction of gallium nitride (GaN) with metallic magnesium (Mg) results in the formation of a distinctive superlattice structure. This represents the first time researchers have identified the insertion of 2D metal layers into a bulk semiconductor. By carefully observing the materials through various cutting-edge characterization techniques, the researchers uncovered new insights into the process of semiconductor doping and elastic strain engineering. They published their findings in the journal Nature.


						
GaN is an important wide bandgap semiconductor material that is poised to replace traditional silicon semiconductors in applications demanding higher power density and faster operating frequencies. These distinctive characteristics of GaN make it valuable in devices such as LEDs, laser diodes, and power electronics -- including critical components in electric vehicles and fast chargers. The improved performance of GaN-based devices contributes to the realization of an energy-saving society and a carbon-neutral future.

In semiconductors, there are two essential and complementary types of electrical conductivity: p-type and n-type. The p-type semiconductor features primarily free carriers carrying positive charges, known as holes, whereas the n-type semiconductor conducts electricity through free electrons.

A semiconductor acquires p-type or n-type conductivity through a process called doping, which refers to the intentional introduction of specific impurities (known as dopants) into a pure semiconductor material to greatly alter its electrical and optical properties.

In the field of GaN semiconductors, Mg is the only known element to create p-type conductivity up to now. Despite 35 years since the first success of doping Mg into GaN, the full mechanisms of Mg doping in GaN, especially the solubility limit and segregation behavior of Mg, remain unclear. This uncertainty limits their optimization for optoelectronics and electronics.

To improve the conductivity of p-type GaN, Jia Wang, the first author of the study, and his colleagues conducted an experiment in which they patterned deposited metallic Mg thin films on GaN wafers and heated them up at a high temperature -- a conventional process known as annealing.

Using state-of-the-art electron microscope imaging, the scientists observed the spontaneous formation of a superlattice featuring alternating layers of GaN and Mg. This is especially unusual since GaN and Mg are two types of materials with significant differences in their physical properties.

"Although GaN is a wide-bandgap semiconductor with mixed ionic and covalent bonding, and Mg is a metal featuring metallic bonding, these two dissimilar materials have the same crystal structure, and it is a strikingly natural coincidence that the lattice difference between hexagonal GaN and hexagonal Mg is negligibly small," Wang said. "We think that the perfect lattice match between GaN and Mg greatly reduces the energy needed to create the structure, playing a critical role in the spontaneous formation of such a superlattice."

The researchers determined that this unique intercalation behavior, which they named interstitial intercalation, leads to compressive strain to the host material. Specifically, they found that the GaN being inserted with Mg layers sustains a high stress of more than 20 GPa, equivalent to 200,000 times atmospheric pressure, making it the highest compressive strain ever recorded in a thin-film material. This is much more than the compressive stresses commonly found in silicon films (in the range of 0.1 to 2 GPa). Electronic thin films can undergo significant changes in electronic and magnetic properties because of this strain. The researchers found that the electrical conductivity in GaN via hole transport was significantly enhanced along the strained direction.

"Using such a simple and low-cost approach, we were able to enhance the transport of holes in GaN, which conducts more current," Wang said. "This interesting finding in interactions between a semiconductor and a metal may provide new insights into semiconductor doping and improve the performance of GaN-based devices."
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How did a satellite galaxy of the Milky Way come to be? | ScienceDaily
Crater 2, located approximately 380,000 light years from Earth, is one of the largest satellite galaxies of the Milky Way. Extremely cold and with slow-moving stars, Crater 2 has low surface brightness. How this galaxy originated remains unclear.


						
"Since its discovery in 2016, there have been many attempts to reproduce Crater 2's unusual properties, but it has proved very challenging," said Hai-Bo Yu, a professor of physics and astronomy at the University of California, Riverside, whose team now offers an explanation for Crater 2's origin in a paper published in The Astrophysical Journal Letters.

A satellite galaxy is a smaller galaxy that orbits a larger host galaxy. Dark matter makes up 85% of the universe's matter, and it can form a spherical structure under the influence of gravity called a dark matter halo. Invisible, the halo permeates and surrounds a galaxy like Crater 2. The fact that Crater 2 is extremely cold indicates its halo has a low density.

Yu explained that Crater 2 evolved in the tidal field of the Milky Way and experienced tidal interactions with the host galaxy, similar to how Earth's oceans experience tidal forces due to the gravity of the Moon. In theory, the tidal interactions can reduce the density of the dark matter halo.

However, the latest measurements of the orbit of Crater 2 around the Milky Way suggest the strength of the tidal interactions is too weak to lower the satellite galaxy's dark matter density to be consistent with its measurements -- if dark matter is made of cold, collisionless particles, as expected from the prevailing cold dark matter theory, or CDM.

"Another puzzle is how Crater 2 could have a large size, as the tidal interactions would reduce the size when the satellite galaxy evolves in the tidal field of the Milky Way," Yu said.

Yu and his team invoke a different theory to explain Crater 2's properties and origin. Called self-interacting dark matter, or SIDM, it can compellingly explain diverse dark matter distributions. It proposes that dark matter particles self-interact through a dark force, strongly colliding with one another close to the center of a galaxy.




"Our work shows that SIDM can explain the unusual properties of Crater 2," Yu said. "The key mechanism is that dark matter self-interactions thermalize the halo of Crater 2 and produce a shallow density core, that is, the dark matter density is flattened at small radii. In contrast, in a CDM halo, the density would increase sharply toward the center of the galaxy."

According to Yu, in SIDM, a relatively small strength of tidal interactions, consistent with what can be expected from measurements of Crater 2's orbit, is sufficient to lower Crater 2's dark matter density, consistent with observations.

"Importantly, the galaxy size also expands in a SIDM halo, which explains Crater 2's large size," Yu said. "Dark matter particles are just more loosely bound in a cored SIDM halo than in a 'cuspy' CDM halo. Our work shows that SIDM is better than CDM at explaining how Crater 2 originated."

Yu was joined in the study by Daneng Yang of UCR, and Xingyu Zhang and Haipeng An of Tsinghua University in China.

Yu's research was supported by the John Templeton Foundation and the U.S. Department of Energy.
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Looking for a new battery platform? Focus on the essentials | ScienceDaily
In facing life's many challenges, we often opt for complex approaches to finding solutions. Yet, upon closer examination, the answers are often simpler than we expect, rooted in the core "essence" of the issue. This approach was demonstrated by a research team at Pohang University of Science and Technology (POSTECH) in their publication on addressing the inherent issues of solid-state batteries.


						
Led by Professor Byoungwoo Kang and Dr. Abin Kim (currently, working for LG Energy Solution) from the Department of Materials Science and Engineering at POSTECH, the team recently developed a solid electrolyte with unique properties. This innovation enables an ultra-thin lithium metal solid-state battery platform with high stability and energy density. Their findings were published in ACS Energy Letters.

Solid-state batteries, which use solid electrolytes instead of liquids to enhance energy density and safety, are considered the next generation of batteries and are often called "dream batteries." Among these, the garnet-type oxide solid electrolyte (Li7La3Zr2O12, or LLZO) has high ionic conductivity. However, LLZO is highly reactive and forms a contamination layer (Li2CO3) on its surface when exposed to air. This layer acts as a resistive barrier in cell construction, diminishing the contact and interfacial properties of the electrolyte and reactants, especially with the lithium (Li) metal anode.

Currently, various approaches are being explored to address these issues such as coating the LLZO surface or using additional chemical or heat treatment processes post-synthesis. While these methods improve the situation, they do not completely resolve the problem as the LLZO is again exposed to the atmosphere, leading to the reformation of the contamination layer.

The research team focused on the "LLZO" itself rather than developing an effective coating or additional processes. By focusing on the essentials, they created an air-handleable LLZO (AH-LLZO) technology that simultaneously enhances the surface and internal properties of LLZO, preventing the formation of contaminant layers in the first place.

Experiments demonstrated that the developed garnet-type solid electrolyte inhibited contamination layer formation by creating a new hydrophobic compound (Li-Al-O) on both the surface and inside the material. As a result, even if a contamination layer forms, it barely reacts with moisture in the air, effectively preventing it from spreading internally. This advancement improved contact (and wettability) with lithium metal, allowing the team to develop ultra-thin (~3.43 mm) lithium solid-state batteries, approximately one-tenth the thickness of a human hair.

The significance of this research lies in the ability to prepare ultra-thin lithium metal layers, resulting in very low capacity ratio of the anode to cathode, ~ 0.176 in solid-state batteries through a simple wetting process without complex post-processing steps. This innovation allows for a significant reduction in the amount of lithium metal used, thereby decreasing the overall battery weight and volume and dramatically improving energy density. Additionally, the technology enables storage in air without the need for special handling or facilities, simplifying the process and enhancing the practical usability of garnet-type solid electrolytes.

Professor Byoungwoo Kang remarked, "We have solved the problem of LLZO's inherent contaminant layer without the need for a post-processing step." He added, "We will continue to work on ultra-thin lithium metal solid-state batteries that can achieve high safety and high energy density."

The research was conducted with support from the Basic Research Lab Program of the National Research Foundation of Korea and the Multilayer Ceramic Battery (MLCB) Development Project of the Ministry of Trade, Industry and Energy.
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Switching nanomagnets using infrared lasers | ScienceDaily
Physicists at TU Graz have calculated how suitable molecules can be stimulated by infrared light pulses to form tiny magnetic fields. If this is also successful in experiments, the principle could be used in quantum computer circuits.


						
When molecules are irradiated with infrared light, they begin to vibrate due to the energy supply. For Andreas Hauser from the Institute of Experimental Physics at Graz University of Technology (TU Graz), this well-known phenomenon was the starting point for considering whether these oscillations could also be used to generate magnetic fields. This is because atomic nuclei are positively charged, and when a charged particle moves, a magnetic field is created. Using the example of metal phthalocyanines -- ring-shaped, planar dye molecules -- Andreas Hauser and his team have now calculated that, due to their high symmetry, these molecules actually generate tiny magnetic fields in the nanometre range when infrared pulses act on them. According to the calculations, it should be possible to measure the rather low but very precisely localised field strength using nuclear magnetic resonance spectroscopy. The researchers have published their results in the Journal of the American Chemical Society.

Circular dance of the molecules

For the calculations, the team drew on preliminary work from the early days of laser spectroscopy, some of which was decades old, and used modern electron structure theory on supercomputers at the Vienna Scientific Cluster and TU Graz to calculate how phthalocyanine molecules behave when irradiated with circularly polarised infrared light. What happened was that the circularly polarised, i.e. helically twisted, light waves excite two molecular vibrations at the same time at right angles to each other. "As every rumba dancing couple knows, the right combination of forwards-backwards and left-right creates a small, closed loop. And this circular movement of each affected atomic nucleus actually creates a magnetic field, but only very locally, with dimensions in the range of a few nanometres," says Andreas Hauser.

Molecules as circuits in quantum computers

By selectively manipulating the infrared light, it is even possible to control the strength and direction of the magnetic field, explains Andreas Hauser. This would turn the molecules into high-precision optical switches, which could perhaps also be used to build circuits for a quantum computer.

Experiments as next step

Together with colleagues from the Institute of Solid State Physics at TU Graz and a team at the University of Graz, Andreas Hauser now wants to prove experimentally that molecular magnetic fields can be generated in a controlled manner. "For proof, but also for future applications, the phthalocyanine molecule needs to be placed on a surface. However, this changes the physical conditions, which in turn influences the light-induced excitation and the characteristics of the magnetic field," explains Andreas Hauser. "We therefore want to find a support material that has minimal impact on the desired mechanism." In a next step, the physicist and his colleagues want to compute the interactions between the deposited phthalocyanines, the support material and the infrared light before putting the most promising variants to the test in experiments.
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'Self-taught' AI tool helps to diagnose and predict severity of common lung cancer | ScienceDaily
A computer program based on data from nearly a half-million tissue images and powered by artificial intelligence can accurately diagnose cases of adenocarcinoma, the most common form of lung cancer, a new study shows.


						
Researchers at NYU Langone Health's Perlmutter Cancer Center and the University of Glasgow developed and tested the program. They say that because it incorporates structural features of tumors from 452 adenocarcinoma patients, who are among the more than 11,000 patients in the United States National Cancer Institute's Cancer Genome Atlas, the program offers an unbiased, detailed, and reliable second opinion for patients and oncologists about the presence of the cancer and the likelihood and timing of its return (prognosis).

The research team also points out that the program is independent and "self-taught," meaning that it determined on its own which structural features were statistically most significant to gauging the severity of disease and had the greatest impact on tumor recurrence.

Publishing in the journal Nature Communications online June 11, the study program, also called an algorithm, or specifically, histomorphological phenotype learning (HPL), was found to accurately distinguish between similar lung cancers, adenocarcinoma and squamous cell cancers, 99% of the time. The HPL program was also found to be 72% accurate at predicting the likelihood and timing of cancer's return after therapy, bettering the 64% accuracy in the predictions made by pathologists who directly examined the same patients' tumor images, researchers say.

"Our new histomorphological phenotype learning program has the potential to offer cancer specialists and their patients a quick and unbiased diagnostic tool for lung adenocarcinoma that, once further testing is complete, can also be used to help validate and even guide their treatment decisions," said study lead investigator Nicolas Coudray, PhD, a bioinformatics programmer at NYU Grossman School of Medicine and Perlmutter Cancer Center.

"Patients, physicians, and researchers know they can rely on this predictive modeling because it is self-taught, provides explainable decisions, and is based only on the knowledge drawn specifically from each patient's tissue, including such features as its proportion of dying cells, tumor-fighting immune cells, and how densely packed the tumor cells are, among other features," said Coudray.

"Lung tissue samples can now be analyzed in minutes by our computer program to provide fairly accurate predictions of whether their cancer will return, predictions that are better than current standards of care for making a prognosis in lung adenocarcinoma," said study co-senior investigator Aristotelis Tsirigos, PhD. Tsirigos is a professor in the Departments of Pathology and Medicine at NYU Grossman School of Medicine and Perlmutter Cancer Center, where he also serves as co-director of precision medicine and director of its Applied Bioinformatics Laboratories.




Tsirigos says that thanks to such tools and other advances in the lung cancer biology, pathologists will be examining tissue scans on their computer screens, and less and less on microscopes, and then using their AI program to analyze the image and produce its own image of the scan. The new image, or "landscape," they add, will offer a detailed breakdown of the tissue's content. It might note, for example, that there is 5% necrosis and 10% tumor infiltration and what that means in terms of survival. That reading may statistically equate to an 80% chance of remaining cancer-free for two years or more, based on information from all the patient data in the program.

To develop the HPL program, the researchers first analyzed lung adenocarcinoma tissue slides from the Cancer Genome Atlas. Adenocarcinoma was chosen for the test model because the disease is known for characteristic features. As an example, they note that its tumor cells tend to group in so-called acinar, or saclike patterns and spread predictably along the surface lining of lung cells.

From their analysis of the slides, whose visual images were digitally scanned and broken into 432,231 small quadrants or tiles, researchers found 46 key characteristics, what they term histomorphological phenotype clusters, from both normal and diseased tissue, a subset of which were statistically linked to either cancer's early return or to long-term survival. The findings were then confirmed by further and separate testing on tissue images from 276 men and women who were treated for adenocarcinoma at NYU Langone from 2006 to 2021.

Researchers say their goal is to use the HPL algorithm to assign to each patient a score between 0 and 1 that reflects their statistical chance of survival and tumor recurrence for up to five years. Because the program is self-learning, they stress HPL will become increasingly more accurate as more data is added over time. To build public trust, researchers have posted their programming code online and have plans to make the new HPL tool freely available upon completion of further testing.

Characteristics linked to tumors recurring included high tile percentages of dead cancer cells and tumor-fighting immune cells called lymphocytes, and the dense clustering of tumor cells in the outer linings of the lungs. Features tied to increased likelihood for survival were high percentages of unchanged or preserved lung sac tissue, and lack of or mild presence of inflammatory cells.

Tsirigos says the team next plans to look at developing HPL-like programs for other cancers, such as breast, ovarian, and colorectal, that are similarly based on distinctive and key morphological features and additional molecular data. The team also has plans to expand and improve the accuracy of the current adenocarcinoma HPL program by including other data from hospital electronic health records about other illnesses and diseases, or even income and home ZIP code.

Funding support for the new study was provided by National Institutes of Health grant P30CA016087, United Kingdom Research Council grants Ep/R018634/1 and BB/V016067/1, and European Union Horizon 2020 grant no. 101016851.

Besides Tsirigos and Coudray, other NYU Langone researchers involved in this study are Anna Yeaton, Bojing Liu, Hortense Le, Luis Chiriboga, Afreen Karimkhan, Navneet Natula, Christopher Park, Harvey Pass, and Andre Moreira. Study co-lead investigator Adalberto Claudio Quiros, study co-investigators Xinyu Yang and John Le Quesne, and study co-senior investigator Ke Yuan are all at the University of Glasgow, UK. Study co-investigator David Moore is at the University College London, UK.
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New computer vision method helps speed up screening of electronic materials | ScienceDaily
Boosting the performance of solar cells, transistors, LEDs, and batteries will require better electronic materials, made from novel compositions that have yet to be discovered.


						
To speed up the search for advanced functional materials, scientists are using AI tools to identify promising materials from hundreds of millions of chemical formulations. In tandem, engineers are building machines that can print hundreds of material samples at a time based on chemical compositions tagged by AI search algorithms.

But to date, there's been no similarly speedy way to confirm that these printed materials actually perform as expected. This last step of material characterization has been a major bottleneck in the pipeline of advanced materials screening.

Now, a new computer vision technique developed by MIT engineers significantly speeds up the characterization of newly synthesized electronic materials. The technique automatically analyzes images of printed semiconducting samples and quickly estimates two key electronic properties for each sample: band gap (a measure of electron activation energy) and stability (a measure of longevity).

The new technique accurately characterizes electronic materials 85 times faster compared to the standard benchmark approach.

The researchers intend to use the technique to speed up the search for promising solar cell materials. They also plan to incorporate the technique into a fully automated materials screening system.

"Ultimately, we envision fitting this technique into an autonomous lab of the future," says MIT graduate student Eunice Aissi. "The whole system would allow us to give a computer a materials problem, have it predict potential compounds, and then run 24-7 making and characterizing those predicted materials until it arrives at the desired solution."

"The application space for these techniques ranges from improving solar energy to transparent electronics and transistors," adds MIT graduate student Alexander (Aleks) Siemenn. "It really spans the full gamut of where semiconductor materials can benefit society."




Aissi and Siemenn detail the new technique in a study that will appear in Nature Communications. Their MIT co-authors include graduate student Fang Sheng, postdoc Basita Das, and professor of mechanical engineering Tonio Buonassisi, along with former visiting professor Hamide Kavak of Cukurova University and visiting postdoc Armi Tiihonen of Aalto University.

Power in optics

Once a new electronic material is synthesized, the characterization of its properties is typically handled by a "domain expert" who examines one sample at a time using a benchtop tool called a UV-Vis, which scans through different colors of light to determine where the semiconductor begins to absorb more strongly. This manual process is precise but also time-consuming: A domain expert typically characterizes about 20 material samples per hour -- a snail's pace compared to some printing tools that can lay down 10,000 different material combinations per hour.

"The manual characterization process is very slow," Buonassisi says. "They give you a high amount of confidence in the measurement, but they're not matched to the speed at which you can put matter down on a substrate nowadays."

To speed up the characterization process and clear one of the largest bottlenecks in materials screening, Buonassisi and his colleagues looked to computer vision -- a field that applies computer algorithms to quickly and automatically analyze optical features in an image.

"There's power in optical characterization methods," Buonassisi notes. "You can obtain information very quickly. There is richness in images, over many pixels and wavelengths, that a human just can't process but a computer machine-learning program can."

The team realized that certain electronic properties -- namely, band gap and stability -- could be estimated based on visual information alone, if that information were captured with enough detail and interpreted correctly.




With that goal in mind, the researchers developed two new computer vision algorithms to automatically interpret images of electronic materials: one to estimate band gap and the other to determine stability.

The first algorithm is designed to process visual data from highly detailed, hyperspectral images.

"Instead of a standard camera image with three channels -- red, green, and blue (RBG) -- the hyperspectral image has 300 channels," Siemenn explains. "The algorithm takes that data, transforms it, and computes a band gap. We run that process extremely fast."

The second algorithm analyzes standard RGB images and assesses a material's stability based on visual changes in the material's color over time.

"We found that color change can be a good proxy for degradation rate in the material system we are studying," Aissi says.

Material compositions

The team applied the two new algorithms to characterize the band gap and stability for about 70 printed semiconducting samples. They used a robotic printer to deposit samples on a single slide, like cookies on a baking sheet. Each deposit was made with a slightly different combination of semiconducting materials. In this case, the team printed different ratios of perovskites -- a type of material that is expected to be a promising solar cell candidate though is also known to quickly degrade.

"People are trying to change the composition -- add a little bit of this, a little bit of that -- to try to make [perovskites] more stable and high-performance," Buonassisi says.

Once they printed 70 different compositions of perovskite samples on a single slide, the team scanned the slide with a hyperspectral camera. Then they applied an algorithm that visually "segments" the image, automatically isolating the samples from the background. They ran the new band gap algorithm on the isolated samples and automatically computed the band gap for every sample. The entire band gap extraction process process took about six minutes.

"It would normally take a domain expert several days to manually characterize the same number of samples," Siemenn says.

To test for stability, the team placed the same slide in a chamber in which they varied the environmental conditions, such as humidity, temperature, and light exposure. They used a standard RGB camera to take an image of the samples every 30 seconds over two hours. They then applied the second algorithm to the images of each sample over time to estimate the degree to which each droplet changed color, or degraded under various environmental conditions. In the end, the algorithm produced a "stability index," or a measure of each sample's durability.

As a check, the team compared their results with manual measurements of the same droplets, taken by a domain expert. Compared to the expert's benchmark estimates, the team's band gap and stability results were 98.5 percent and 96.9 percent as accurate, respectively, and 85 times faster.

"We were constantly shocked by how these algorithms were able to not just increase the speed of characterization, but also to get accurate results," Siemenn says. "We do envision this slotting into the current automated materials pipeline we're developing in the lab, so we can run it in a fully automated fashion, using machine learning to guide where we want to discover these new materials, printing them, and then actually characterizing them, all with very fast processing."

This work was supported in part by First Solar.
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Lab-grown 'mini-guts' could help in development of new and more personalized treatments for Crohn's disease | ScienceDaily
Cambridge scientists have grown 'mini-guts' in the lab to help understand Crohn's disease, showing that 'switches' that modify DNA in gut cells play an important role in the disease and how it presents in patients.


						
The researchers say these mini-guts could in future be used to identify the best treatment for an individual patient, allowing for more precise and personalised treatments.

Crohn's disease is a form of inflammatory bowel disease (IBD). It is a life-long condition characterised by inflammation of the digestive tract that affects around one in 350 people in the UK, with one in four presenting before the age of 18. Even at its mildest, it can cause symptoms that have a major impact on quality of life including stomach pain, diarrhea, weight loss and fatigue, but it can also lead to extensive surgery, inpatient admissions, exposure to toxic drugs and have a major impact on patient and their families.

While there is some evidence that an individual is at greater risk of developing the condition if a first-degree relative has Crohn's, there has been only limited success in identifying genetic risk factors. As a result, it's estimated that only 10% of inheritance is due to variations in our DNA.

Matthias Zilbauer, Professor of Paediatric Gastroenterology at the University of Cambridge and Cambridge University Hospitals NHS Foundation Trust (CUH), said: "The number of cases of Crohn's disease and IBD are rising dramatically worldwide, particularly amongst younger children, but despite decades of research, no one knows what causes it. Part of the problem is that it's been difficult to model the disease. We've had to rely mainly on studies in mice, but these are limited in what they can tell us about the disease in people."

In research published today in Gut, Professor Zilbauer and colleagues used cells from inflamed guts, donated by 160 patients, mainly patients and adolescents, at CUH to grow more than 300 mini-guts -- known as organoids -- in the lab to help them better understand the condition. Samples were donated by patients with Crohn's disease and ulcerative colitis, as well as by patients unaffected by IBD.

"The organoids that we've generated are primarily from children and adolescents," said Professor Zilbauer. "They've essentially given us pieces of their bowel to help with our research. Crohn's can be a severe condition to have to deal with at any age, but without our volunteers' bravery and support, we would not be able to make such discoveries as this."

Organoids are 3D cell cultures that mimic key functions of a particular organ, in this case the epithelium -- the lining of the gut. The researchers grew them from specific cells, known as stem cells, taken from the gut. Stem cells live forever in the gut, constantly dividing allowing the gut epithelium to regenerate.




Using these organoids, they showed that the epithelia in the guts of Crohn's disease patients have different 'epigenetic' patterns on their DNA compared to those from healthy controls. Epigenetics is where our DNA is modified by 'switches' attached to our DNA that turn genes on and off -- or turn their activity up or down -- leaving the DNA itself intact, but changing the way a cell functions.

Professor Zilbauer, a researcher at the Stem Cell Institute at the University of Cambridge, said: "What we saw was that not only were the epigenetic changes different in Crohn's disease, but there was a correlation between these changes and the severity of the disease. Every patient's disease course is different, and these changes help explain why -- not every organoid had the same epigenetic changes."

The researchers say the organoids could be used to develop and test new treatments, to see how effective they are on the lining of the gut in Crohn's disease. It also opens up the possibility of tailoring treatments to individual patients.

Co-author Dr Robert Heuschkel, Consultant Paediatric Gastroenterologist at CUH and Lead of the Paediatric IBD Service, said: "At the moment, we have no way of knowing which treatment will work best for a patient. Even those treatments we currently have only work in around half of our patients and become less effective over time. It's a huge problem.

"In future, you could imagine taking cells from a particular patient, growing their organoid, testing different drugs on the organoid, and saying, 'OK, this is the drug that works for this person'."

The research highlighted a specific pathway implicated in Crohn's, known as major histocompatibility complex (MHC)-I. This pathway allows immune cells to recognise antigens -- that is, a toxin or other foreign substance that induces an immune response in the body, and which could include molecules in our food, or our gut microbiota. The team showed that the cells forming the inner lining of the gut in Crohn's disease patients have an increased activity of MHC-I, which can lead to inflammation in specific parts of the gut.




"This is the first time where anyone has been able to show that stable epigenetic changes can explain what is wrong in the gut epithelium in patients with Crohn's disease," said Professor Zilbauer.

The epigenetic modifications were found to be very stable, which may explain why even after treatment, when a patient appears to be healed, their inflammation can return after several months -- the drugs are treating the symptoms, not the underlying cause.

Epigenetic changes are programmed into our cells very early on during the development of the baby in the womb. They are influenced by environmental factors, which may include exposure to infections or antibiotics -- or even lack of exposure to infection, the so-called 'hygiene hypothesis' that says we are not exposed to sufficient microbes for our immune systems to properly develop. The researchers say this may offer one possible explanation for how the epigenetic changes that lead to Crohn's disease occur in the first place.

The research was largely supported by the Medical Research Council. It was also supported through collaboration with the Milner Therapeutics Institute, University of Cambridge.

Cambridge Enterprise is working with Professor Zilbauer and team and has recently filed a patent for this technology. They are seeking commercial partners to help with the development of this opportunity.
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Lone Star State: Tracking a low-mass star as it speeds across the Milky Way | ScienceDaily
It may seem like the Sun is stationary while the planets in its orbit are moving, but the Sun is actually orbiting around the Milky Way galaxy at an impressive rate of about 220 kilometers per second -- almost half a million miles per hour. As fast as that may seem, when a faint red star was discovered crossing the sky at a noticeably quick pace, scientists took notice.


						
Thanks to the efforts of a citizen science project called Backyard Worlds: Planet 9 and a team of astronomers from around the country, a rare hypervelocity L subdwarf star has been found racing through the Milky Way. More remarkably, this star may be on a trajectory that causes it to leave the Milky Way altogether. The research, led by University of California San Diego Professor of Astronomy and Astrophysics Adam Burgasser, was presented today at a press conference during the 244th national meeting of the American Astronomical Society (AAS) in Madison, Wisconsin.

The star, charmingly named CWISE J124909+362116.0 ("J1249+36"), was first noticed by some of the over 80,000 citizen science volunteers participating in the Backyard Worlds: Planet 9 project, who comb through enormous reams of data collected over the past 14 years by NASA's Wide-field Infrared Survey Explorer (WISE) mission. This project capitalizes on the keen ability of humans, who are evolutionarily programmed to look for patterns and spot anomalies in a way that is unmatched by computer technology. Volunteers tag moving objects in data files and when enough volunteers tag the same object, astronomers investigate.

J1249+36 immediately stood out because of the speed at which it is moving across the sky, initially estimated at about 600 kilometers per second (1.3 million miles per hour). At this speed, the star is fast enough to escape the gravity of the Milky Way, making it a potential "hypervelocity" star.

To better understand the nature of this object, Burgasser turned to the W.M. Keck Observatory in Maunakea, Hawaii to measure its infrared spectrum. These data revealed that the object was a rare L subdwarf -- a class of stars with very low mass and temperature. Subdwarfs represent the oldest stars in the Milky Way.

The insight into J1249+36's composition was made possible by a new set of atmosphere models created by UC San Diego alumnus Roman Gerasimov, who worked with UC LEADS scholar Efrain Alvarado III to generate models specifically tuned to study L subdwarfs. "It was exciting to see that our models were able to accurately match the observed spectrum," said Alvarado, who is presenting his modeling work at the AAS meeting.

The spectral data, along with imaging data from several ground-based telescopes, allowed the team to accurately measure J1249+36's position and velocity in space, and thereby predict its orbit through the Milky Way. "This is where the source became very interesting, as its speed and trajectory showed that it was moving fast enough to potentially escape the Milky Way," stated Burgasser.




What gave this star a kick?

Researchers focused on two possible scenarios to explain J1249+36's unusual trajectory. In the first scenario, J1249+36 was originally the low-mass companion of a white dwarf. White dwarfs are the remnant cores of stars that have depleted their nuclear fuel and died out. When a stellar companion is in a very close orbit with a white dwarf, it can transfer mass, resulting in periodic outbursts called novae. If the white dwarf collects too much mass, it can collapse and explode as a supernova.

"In this kind of supernova, the white dwarf is completely destroyed, so its companion is released and flies off at whatever orbital speed it was originally moving, plus a little bit of a kick from the supernova explosion as well," said Burgasser. "Our calculations show this scenario works. However, the white dwarf isn't there anymore and the remnants of the explosion, which likely happened several million years ago, have already dissipated, so we don't have definitive proof that this is its origin."

In the second scenario, J1249+36 was originally a member of a globular cluster, a tightly bound cluster of stars, immediately recognizable by its distinct spherical shape. The centers of these clusters are predicted to contain black holes of a wide range of masses. These black holes can also form binaries, and such systems turn out to be great catapults for any stars that happen to wander too close to them.

"When a star encounters a black hole binary, the complex dynamics of this three-body interaction can toss that star right out of the globular cluster," explained Kyle Kremer, an incoming Assistant Professor in UC San Diego's Department of Astronomy and Astrophysics. Kremer ran a series of simulations and found that on rare occasions these kinds of interactions can kick a low-mass subdwarf out of a globular cluster and on a trajectory similar to that observed for J1249+36.

"It demonstrates a proof of concept," said Kremer, "but we don't actually know what globular cluster this star is from." Tracing J1249+36 back in time puts it in a very crowded part of the sky that may hide undiscovered clusters.

To determine whether either of these scenarios, or some other mechanism, can explain J1249+36's trajectory, Burgasser said the team hopes to look more closely at its elemental composition. For example, when a white dwarf explodes, it creates heavy elements that could have "polluted" the atmosphere of J1249+36 as it was escaping. The stars in globular clusters and satellite galaxies of the Milky Way also have distinct abundance patterns that may reveal the origin of J1249+36.

"We're essentially looking for a chemical fingerprint that would pinpoint what system this star is from," said Gerasimov, whose modeling work has enabled him to measure the element abundances of cool stars in several globular clusters, work he is also presenting at the AAS meeting.

Whether J1249+36's speedy journey was because of a supernova, a chance encounter with a black hole binary, or some other scenario, its discovery provides a new opportunity for astronomers to learn more about the history and dynamics of the Milky Way.
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NASA's Webb opens new window on supernova science | ScienceDaily
Peering deeply into the cosmos, NASA's James Webb Space Telescope is giving scientists their first detailed glimpse of supernovae from a time when our universe was just a small fraction of its current age. A team using Webb data has identified 10 times more supernovae in the early universe than were previously known. A few of the newfound exploding stars are the most distant examples of their type, including those used to measure the universe's expansion rate.


						
"Webb is a supernova discovery machine," said Christa DeCoursey, a third-year graduate student at the Steward Observatory and the University of Arizona in Tucson. "The sheer number of detections plus the great distances to these supernovae are the two most exciting outcomes from our survey."

DeCoursey presented these findings at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.

'A Supernova Discovery Machine'

To make these discoveries, the team analyzed imaging data obtained as part of the JWST Advanced Deep Extragalactic Survey (JADES) program. Webb is ideal for finding extremely distant supernovae because their light is stretched into longer wavelengths -- a phenomenon known as cosmological redshift.

Prior to Webb's launch, only a handful of supernovae had been found above a redshift of 2, which corresponds to when the universe was only 3.3 billion years old -- just 25% of its current age. The JADES sample contains many supernovae that exploded even further in the past, when the universe was less than 2 billion years old.

Previously, researchers used NASA's Hubble Space Telescope to view supernovae from when the universe was in the "young adult" stage. With JADES, scientists are seeing supernovae when the universe was in its "teens" or "pre-teens." In the future, they hope to look back to the "toddler" or "infant" phase of the universe.




To discover the supernovae, the team compared multiple images taken up to one year apart and looked for sources that disappeared or appeared in those images. These objects that vary in observed brightness over time are called transients, and supernovae are a type of transient. In all, the JADES Transient Survey Sample team uncovered about 80 supernovae in a patch of sky only about the thickness of a grain of rice held at arm's length.

"This is really our first sample of what the high-redshift universe looks like for transient science," said teammate Justin Pierel, a NASA Einstein Fellow at the Space Telescope Science Institute (STScI) in Baltimore, Maryland. "We are trying to identify whether distant supernovae are fundamentally different from or very much like what we see in the nearby universe."

Pierel and other STScI researchers provided expert analysis to determine which transients were actually supernovae and which were not, because often they looked very similar.

The team identified a number of high-redshift supernovae, including the farthest one ever spectroscopically confirmed, at a redshift of 3.6. Its progenitor star exploded when the universe was only 1.8 billion years old. It is a so-called core-collapse supernova, an explosion of a massive star.

Uncovering Distant Type Ia Supernovae

Of particular interest to astrophysicists are Type Ia supernovae. These exploding stars are so predictably bright that they are used to measure far-off cosmic distances and help scientists to calculate the universe's expansion rate. The team identified at least one Type Ia supernova at a redshift of 2.9. The light from this explosion began traveling to us 11.5 billion years ago when the universe was just 2.3 billion years old. The previous distance record for a spectroscopically confirmed Type Ia supernova was a redshift of 1.95, when the universe was 3.4 billion years old.




Scientists are eager to analyze Type Ia supernovae at high redshifts to see if they all have the same intrinsic brightness, regardless of distance. This is critically important, because if their brightness varies with redshift, they would not be reliable markers for measuring the expansion rate of the universe.

Pierel analyzed this Type Ia supernova found at redshift 2.9 to determine if its intrinsic brightness was different than expected. While this is just the first such object, the results indicate no evidence that Type Ia brightness changes with redshift. More data is needed, but for now, Type Ia supernova-based theories about the universe's expansion rate and its ultimate fate remain intact. Pierel also presented his findings at the 244th meeting of the American Astronomical Society.

Looking Toward the Future

The early universe was a very different place with extreme environments. Scientists expect to see ancient supernovae that come from stars that contain far fewer heavy chemical elements than stars like our Sun. Comparing these supernovae with those in the local universe will help astrophysicists understand star formation and supernova explosion mechanisms at these early times.

"We're essentially opening a new window on the transient universe," said STScI Fellow Matthew Siebert, who is leading the spectroscopic analysis of the JADES supernovae. "Historically, whenever we've done that, we've found extremely exciting things -- things that we didn't expect."

"Because Webb is so sensitive, it's finding supernovae and other transients almost everywhere it's pointed," said JADES team member Eiichi Egami, a research professor at the University of Arizona in Tucson. "This is the first significant step toward more extensive surveys of supernovae with Webb."

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency). 
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Researchers engineer new approach for controlling thermal emission | ScienceDaily
If a material absorbs light, it will heat up. That heat must go somewhere, and the ability to control where and how much heat is emitted can protect or even hide such devices as satellites. An international team of researchers, including those from Penn State, has developed a novel method for controlling this thermal emission, with what they called promising implications for thermal management and thermal camouflage technologies.


						
The team published their work on June 7 in the print edition of Science.

Led by researchers at The University of Manchester's National Graphene Institute in England and the Penn State College of Engineering in the United States, with experts from Koc University in Turkey and Vienna University of Technology in Austria, the team demonstrated a way to build an interface that joins two surfaces with different geometric properties to localize thermal emissions from both surfaces, enabling a "perfect" thermal emitter. This means that the designed platform can emit thermal light from contained, designated emission areas with unit emissivity, or that the platform emits the strongest thermal radiation possible at that temperature.

"We have demonstrated a new class of thermal devices using concepts from topology -- a branch of mathematics studying properties of geometric objects -- and from non-Hermitian photonics, which is a flourishing area of research studying light and its interaction with matter in the presence of losses, optical gain and certain symmetries," said corresponding author Coskun Kocabas, professor of 2D device materials at The University of Manchester.

The team said the work could advance thermal photonic applications to better generate, control and detect thermal emission. One application of this work could be in satellites, said co-author Sahin Ozdemir, professor of engineering science and mechanics at Penn State. Faced with significant exposure to heat and light, satellites equipped with the interface could emit the absorbed radiation with unit emissivity along a specifically designated area designed by researchers to be incredibly narrow and in whatever shape is deemed necessary.

Getting to this point, though, was not straightforward, according to Ozdemir. He explained part of the issue is limiting the perfect thermal absorber-emitter to the interface while the rest of the structures forming the platform remains "cold," meaning those structures do not absorb or emit any form of energy.

"Building such a perfect absorber-emitter has been a major challenge," Ozdemir said.




It is slightly easier to build an absorber-emitter at a desired frequency -- as opposed to a perfect absorber-emitter that can absorb and emit any frequency -- by trapping the light inside an optical cavity, the researchers said. The optical cavity comprises two mirrors, the first of which only partially reflects light, while the second completely reflects light. This setup enables what researchers call the "critical coupling condition," where the incoming light partially reflected by the first mirror and the reflected light trapped between the two mirrors cancel each other out exactly. This completely suppresses the reflection, so the light beam becomes trapped in the system, getting perfectly absorbed and then emitted in the form of thermal radiation.

"We took a different approach in this work, though, by bridging two structures with different topologies, meaning they absorb and emit radiation differently," Ozdemir said. "The structures are not at the critical coupling point, so they are not considered a perfect absorber-emitter -- but their interface exhibits perfect absorption and emission."

To achieve such an interface, the researchers developed a cavity stacked with a thick gold layer that perfectly reflects incoming light and a thin platinum layer that can partially reflect incoming light. The platinum layer, which comprises two separate thicknesses stitched together, also acts as a broadband thermal absorber-emitter. Between the two mirrors, the researchers placed a transparent dielectric, or material that insulates against electrical conductivity, called parylene-C.

The researchers can adjust the thickness of the platinum layer as needed to induce the critical coupling condition at the stitched interface and trap incoming light to be perfectly absorbed. They also can move the system away from the critical coupling to sub- or super-critical coupling, where perfect absorption and emission cannot take place.

"By finely tuning the thickness of the platinum layer to a critical thickness of about 2.3 nanometers, we bring the cavity to the critical coupling condition where the system exhibits perfect absorption and, as a result, perfect emission," said first author M. Said Ergoktas, a research associate in materials engineering at The University of Manchester. "Only by stitching two platinum layers with thicknesses smaller and larger than the critical thickness over the same dielectric layer, can we create a topological interface of two cavities where perfect absorption and emission are confined. A crucial point here is that the cavities forming the interface are not at critical coupling condition, but that the interface itself is."

The development challenges conventional understanding of thermal emission in the field, according to co-author Stefan Rotter, a researcher at the Vienna University of Technology in Austria.




"Every hot object radiates heat in the form of incoherent, random light," Rotter said. "Traditionally, it has been believed that thermal radiation cannot have topological properties because of its incoherent nature."

This work, however, demonstrated that thermal emission can be engineered to have topological characteristics, which can create strongly confined states of light that emit only from the topological interface between two surfaces. The researchers said they also can design the parameters of the interface to any shape, from a narrow line to something more complicated, like the outline of the United Kingdom.

According to Kocabas, their approach to building topological systems for controlling radiation is easily accessible to scientists and engineers.

"This can be as simple as creating a film divided into two regions with different thicknesses such that one side satisfies sub-critical coupling, and the other is in the super-critical coupling regime, dividing the system into two different topological classes," Kocabas said.

The realized interface exhibits perfect thermal emissivity, which is protected by the reflection topology and "exhibits robustness against local perturbations and defects," according to co-author Ali Kecebas, a postdoctoral scholar at Penn State. The team used experiments and numerical simulations to confirm the system's topological features, as well as the non-Hermitian physics underpinning how the system works.

Contributors include Sina Soleymani, who earned a doctorate in engineering science and mechanics from Penn State in 2021 when the first phases of this work were completed; Konstantinos Despotelis, Gokhan Bakan and Alessandro Principi, University of Manchester; and Askin Kocabas, Koc University, Turkey.

The European Research Council, Consolidator Grant, the Air Force Office of Scientific Research Multidisciplinary University Research Initiative (MURI) Award on Programmable Systems with Non-Hermitian Quantum Dynamics and the Air Force Office of Scientific Research Award supported this work.
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Novel radiotracer produces high quality images of 'Alzheimer's disease of the heart' | ScienceDaily
A newly developed radiotracer can generate high quality and readily interpretable images of cardiac amyloidosis, a condition referred to as the "Alzheimer's disease of the heart." As the first amyloid-specific and pan-amyloid binding radiotracer designed for planar and SPECT/CT imaging, 99mTc-p5+14 could play an important role in early detection and treatment of cardiac amyloidosis. This research was presented at the 2024 Society of Nuclear Medicine and Molecular Imaging Annual Meeting.


						
Systemic amyloidosis is an incurable disease in which abnormal amounts of proteins build up within the body's tissues and organs. About 20 percent of patients who have amyloid build-up in the heart experience early deaths. While recent progress in the treatment of cardiac amyloidosis has greatly improved patient prognosis, median survival remains low at approximately three to five years.

"Therapies that slow the progression of amyloid deposition have been developed; however, they are not effective in patients with late-stage disease. Therefore, the ability to detect cardiac amyloidosis early is critical," noted Jonathan Wall, PhD, director of the Amyloidosis and Cancer Theranostics Program and professor at the University of Tennessee Graduate School of Medicine in Knoxville, Tennessee. "Unfortunately, there are currently no Food and Drug Administration (FDA)-approved imaging agents that detect cardiac amyloidosis."

To address this issue, researchers developed a novel technetium-99m labeled variant of the pan-amyloid reactive peptide p5+14 (99mTc-p5+14). In the first-in-human study, five healthy volunteers and 30 patients newly diagnosed with light chain or transthyretin amyloidosis underwent 99mTc-p5+14 imaging with standard planar gamma scintigraphy and SPECT/CT. Blood was collected to assess serum biomarkers, and a transthoracic echocardiogram was performed. Standard 99mTc-pyrophosphate imaging was also performed on most patients at 72 hours after 99mTc-p5+14 image acquisition.

The planar and SPECT/CT images generated using 99mTc-p5+14 were of high quality and readily interpretable at both one and three hours post-injection. Patients with amyloid cardiomyopathy had significant 99mTc-p5+14 uptake in the heart, whereas no cardiac uptake was observed in healthy subjects.

"Early and accurate diagnosis of cardiac amyloidosis is crucial to ensure the most positive outcomes for patients," said Wall. "Imaging with 99mTc-p5+14 could provide an easy to use and interpret technology that could be employed in the community cardiology setting, where SPECT imaging is common, as a rapid screen for amyloid cardiomyopathy in the future."

The 99mTc-p5+14 radiotracer is currently in ongoing early-stage clinical evaluation at the University of Tennessee Graduate School of Medicine in conjunction with Attralus Inc., to assess safety and efficacy in patients with cardiac amyloidosis and healthy subjects. The data and insights obtained from this research will support initiation of a pivotal Phase 3 study and approval submissions to the FDA in the coming years.

Abstract 241277. "Preliminary Evaluation of 99mTc-Labeled Peptide p5+14 for the Detection of Cardiopulmonary Amyloidosis Using SPECT/CT and Planar Gamma Scintigraphic Imaging," Jonathan Wall, Emily Martin, Alan Stuckey, Bryan Whittle, Joseph Jackson, Angela Williams, Trevor Hancock, R. Eric Heidel, Muddassir Mehmood, Anne Kassira, Ronald Lands, Hannah Watson, Rebecca Hung, Stephen Kennel, University of Tennessee Graduate School of Medicine, Knoxville, Tennessee.
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Four-legged, dog-like robot 'sniffs' hazardous gases in inaccessible environments | ScienceDaily
Nightmare material or truly man's best friend? A team of researchers equipped a dog-like quadruped robot with a mechanized arm that takes air samples from potentially treacherous situations, such as an abandoned building or fire. The robot dog walks samples to a person who screens them for potentially hazardous compounds, says the team that published its study in ACS' Analytical Chemistry. While the system needs further refinement, demonstrations show its potential value in dangerous conditions.


						
Testing the air for dangerous chemicals in risky workplaces or after an accident, such as a fire, is an important but very dangerous task for scientists and technicians. To keep humans out of harm's way, Bin Hu and colleagues are developing mobile detection systems for hazardous gases and volatile organic compounds (VOCs) by building remote-controlled sampling devices like aerial drones and tiny remotely operated ships. The team's latest entry into this mechanical menagerie is a dog-like robot with an articulated testing arm mounted on its back. The independently controlled arm is loaded with three needle trap devices (NTDs) that can collect air samples at any point during the robot's terrestrial mission.

The researchers test-drove their four-legged "lab" through a variety of inaccessible environments, including a garbage disposal plant, sewer system, gasoline fireground and chemical warehouse, to sample the air for hazardous VOCs. While the robot had trouble navigating effectively in rainy and snowy weather, it collected air samples and returned them to the portable mass spectrometer (MS) for onsite analysis in less time than it would take to transfer the samples to an off-site laboratory -- and without putting a technician in a dangerous environment. The researchers say the robot-MS system represents a "smart" and safer approach for detecting potentially harmful compounds.

The authors acknowledge funding from the Guangzhou Science and Technology Program and the National Natural Science Foundation of China. 
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Protocol for creating 'wired miniature brains' | ScienceDaily
Researchers worldwide can now create highly realistic brain cortical organoids -- essentially miniature artificial brains with functioning neural networks -- thanks to a proprietary protocol released this month by researchers at the University of California San Diego.


						
The new technique, published in Nature Protocols, paves the way for scientists to perform more advanced research regarding autism, schizophrenia and other neurological disorders in which the brain's structure is usually typical, but electrical activity is altered. That's according to Alysson Muotri, Ph.D., corresponding author and director of the UC San Diego Sanford Stem Cell Institute (SSCI) Integrated Space Stem Cell Orbital Research Center. The SSCI is directed by Dr. Catriona Jamieson, a leading physician-scientist in cancer stem cell biology whose research explores the fundamental question of how space alters cancer progression.

The newly detailed method allows for the creation of tiny replicas of the human brain so realistic that they rival "the complexity of the fetal brain's neural network," according to Muotri, who is also a professor in the UC San Diego School of Medicine's Departments of Pediatrics and Cellular and Molecular Medicine. His brain replicas have already traveled to the International Space Station (ISS), where their activity was studied under conditions of microgravity.

Two other protocols for creating brain organoids are publicly accessible, but neither allow researchers to study the brain's electrical activity. Muotri's method, however, allows researchers to study neural networks created from the stem cells of patients with various neurodevelopmental conditions.

"You no longer need to create different regions and assemble them together," said Muotri, adding that his protocol allows different brain areas -- like the cortex and midbrain -- "to co-develop, as naturally observed in human development."

"I believe we will see many derivations of this protocol in the future for the study of different brain circuits," he added.

Such "mini brains" can be used to test potentially therapeutic drugs and even gene therapies before patient use, as well as to screen for efficacy and side effects, according to Muotri.




A plan to do so is already in the works. Muotri and researchers at the Federal University of Amazonas in Manaus, Amazonas, Brazil, are teaming up to record and investigate Amazonian tribal remedies for Alzheimer's disease -- not on Earth-based mouse models, but on diseased human brain organoids in space.

A recent Humans in Space grant -- awarded by Boryung, a leading health care investment company based in South Korea -- will help fuel the research project, which spans multiple continents and habitats, from the depths of the Amazon rainforest to Muotri's lab on the coast of California -- and, eventually, to the International Space Station.

Other research possibilities for the brain organoids include disease modeling, understanding human consciousness and additional space-based experiments. In March, Muotri -- in partnership with NASA -- sent to space a number of brain organoids made from the stem cells of patients with Alzheimer's disease and ALS (amyotrophic lateral sclerosis, also known as Lou Gehrig's disease). The payload returned in May and results, which will eventually be published, are being reviewed.

Because microgravity mimics an accelerated version of Earth-based aging, Muotri should be able to witness the effects of several years of disease progression while studying the month-long mission's payload, including potential changes in protein production, signaling pathways, oxidative stress and epigenetics.

"We're hoping for novel findings -- things researchers haven't discovered before," he said. "Nobody has sent such a model into space, until now."

Co-authors of the study include Michael Q. Fitzgerald, Tiffany Chu, Francesca Puppo, Rebeca Blanch and Shankar Subramaniam, all of UC San Diego, and Miguel Chillon, of the Universitat Autonoma de Barcelona and the Institucio Catalana de Recerca i Estudis Avancats, both in Barcelona, Spain. Blanch is also affiliated with the Universitat Autonoma de Barcelona.

This work was supported by the National Institutes of Health R01MH100175, R01NS105969, MH123828, R01NS123642, R01MH127077, R01ES033636, R21MH128827, R01AG078959, R01DA056908, R01HD107788, R01HG012351, R21HD109616, R01MH107367, California Institute for Regenerative Medicine (CIRM) DISC2-13515 and a grant from the Department of Defense W81XWH2110306.
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Advanced AI-based techniques scale-up solving complex combinatorial optimization problems | ScienceDaily
A framework based on advanced AI techniques can solve complex, computationally intensive problems faster and in a more more scalable way than state-of-the-art methods, according to a study led by engineers at the University of California San Diego.


						
In the paper, which was published May 30 in Nature Machine Intelligence, researchers present HypOp, a framework that uses unsupervised learning and hypergraph neural networks. The framework is able to solve combinatorial optimization problems significantly faster than existing methods. HypOp is also able to solve certain combinatorial problems that can't be solved as effectively by prior methods.

"In this paper, we tackle the difficult task of addressing combinatorial optimization problems that are paramount in many fields of science and engineering," said Nasimeh Heydaribeni, the paper's corresponding author and a postdoctoral scholar in the UC San Diego Department of Electrical and Computer Engineering. She is part of the research group of Professor Farinaz Koushanfar, who co-directs the Center for Machine-Intelligence, Computing and Security at the UC San Diego Jacobs School of Engineering. Professor Tina Eliassi-Rad from Northeastern University also collaborated with the UC San Diego team on this project.

One example of a relatively simple combinatorial problem is figuring out how many and what kind of goods to stock at specific warehouses in order to consume the least amount of gas when delivering these goods.

HypOp can be applied to a broad spectrum of challenging real-world problems, with applications in drug discovery, chip design, logic verification, logistics and more. These are all combinatorial problems with a wide range of variables and constraints that make them extremely difficult to solve. That is because in these problems, the size of the underlying search space for finding potential solutions increases exponentially rather than in a linear fashion with respect to the problem size.

HypOp can solve these complex problems in a more scalable manner by using a new distributed algorithm that allows multiple computation units on the hypergraph to solve the problem together, in parallel, more efficiently.

HypOp introduces new problem embedding leveraging hypergraph neural networks, which have higher order connections than traditional graph neural networks, to better model the problem constraints and solve them more proficiently. HypOp also can transfer learning from one problem to help solve other, seemingly different problems more effectively. HypOp includes an additional fine-tuning step, which leads to finding more accurate solutions than the prior existing methods.

This research was funded in part by the Department of Defense and Army Research Office funded MURI AutoCombat project and the NSF-funded TILOS AI Institute.
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Hubble finds surprises around a star that erupted 40 years ago | ScienceDaily
Astronomers have used new data from NASA's Hubble Space Telescope and the retired SOFIA (Stratospheric Observatory for Infrared Astronomy) as well as archival data from other missions to revisit one of the strangest binary star systems in our galaxy -- 40 years after it burst onto the scene as a bright and long-lived nova. A nova is a star that suddenly increases its brightness tremendously and then fades away to its former obscurity, usually in a few months or years.


						
Between April and September 1975, the binary system HM Sagittae (HM Sge) grew 250 times brighter. Even more unusual, it did not rapidly fade away as novae commonly do, but has maintained its luminosity for decades. Recently, observations show that the system has gotten hotter, but paradoxically faded a little.

HM Sge is a particular kind of symbiotic star where a white dwarf and a bloated, dust-producing giant companion star are in an eccentric orbit around each other, and the white dwarf ingests gas flowing from the giant star. That gas forms a blazing hot disk around the white dwarf, which can unpredictably undergo a spontaneous thermonuclear explosion as the infall of hydrogen from the giant grows denser on the surface until it reaches a tipping point. These fireworks between companion stars fascinate astronomers by yielding insights into the physics and dynamics of stellar evolution in binary systems.

"In 1975 HM Sge went from being a nondescript star to something all astronomers in the field were looking at, and at some point that flurry of activity slowed down," said Ravi Sankrit of the Space Telescope Science Institute (STScI) in Baltimore. In 2021, Steven Goldman of STScI, Sankrit and collaborators used instruments on Hubble and SOFIA to see what had changed with HM Sge in the last 30 years at wavelengths of light from the infrared to the ultraviolet (UV).

The 2021 ultraviolet data from Hubble showed a strong emission line of highly ionized magnesium that was not present in earlier published spectra from 1990. Its presence shows that the estimated temperature of the white dwarf and accretion disk increased from less than 400,000 degrees Fahrenheit in 1989 to greater than 450,000 degrees Fahrenheit now. The highly ionized magnesium line is one of many seen in the UV spectrum, which analyzed together will reveal the energetics of the system, and how it has changed in the last three decades.

"When I first saw the new data," Sankrit said, "I went -- 'wow this is what Hubble UV spectroscopy can do!' -- I mean it's spectacular, really spectacular."

With data from NASA's flying telescope SOFIA, which retired in 2022, the team was able to detect the water, gas, and dust flowing in and around the system. Infrared spectral data shows that the giant star, which produces copious amounts of dust, returned to its normal behavior within only a couple years of the explosion, but also that it has dimmed in recent years, which is another puzzle to be explained.




With SOFIA astronomers were able to see water moving at around 18 miles per second, which they suspect is the speed of the sizzling accretion disk around the white dwarf. The bridge of gas connecting the giant star to the white dwarf must presently span about 2 billion miles.

The team has also been working with the AAVSO (American Association of Variable Star Observers), to collaborate with amateur astronomers from around the world who help keep telescopic eyes on HM Sge; their continued monitoring reveals changes that haven't been seen since its outburst 40 years ago.

"Symbiotic stars like HM Sge are rare in our galaxy, and witnessing a nova-like explosion is even rarer. This unique event is a treasure for astrophysicists spanning decades," said Goldman.

The initial results from the team's research were published in the Astrophysical Journal, and Sankrit is presenting research focused on the UV spectroscopy at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.
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Researchers demonstrate the first chip-based 3D printer | ScienceDaily
Imagine a portable 3D printer you could hold in the palm of your hand. The tiny device could enable a user to rapidly create customized, low-cost objects on the go, like a fastener to repair a wobbly bicycle wheel or a component for a critical medical operation.


						
Researchers from MIT and the University of Texas at Austin took a major step toward making this idea a reality by demonstrating the first chip-based 3D printer. Their proof-of-concept device consists of a single, millimeter-scale photonic chip that emits reconfigurable beams of light into a well of resin that cures into a solid shape when light strikes it.

The prototype chip has no moving parts, instead relying on an array of tiny optical antennas to steer a beam of light. The beam projects up into a liquid resin that has been designed to rapidly cure when exposed to the beam's wavelength of visible light.

By combining silicon photonics and photochemistry, the interdisciplinary research team was able to demonstrate a chip that can steer light beams to 3D print arbitrary two-dimensional patterns, including the letters M-I-T. Shapes can be fully formed in a matter of seconds.

In the long run, they envision a system where a photonic chip sits at the bottom of a well of resin and emits a 3D hologram of visible light, rapidly curing an entire object in a single step.

This type of portable 3D printer could have many applications, such as enabling clinicians to create tailor-made medical device components or allowing engineers to make rapid prototypes at a job site.

"This system is completely rethinking what a 3D printer is. It is no longer a big box sitting on a bench in a lab creating objects, but something that is handheld and portable. It is exciting to think about the new applications that could come out of this and how the field of 3D printing could change," says senior author Jelena Notaros, the Robert J. Shillman Career Development Professor in Electrical Engineering and Computer Science (EECS), and a member of the Research Laboratory of Electronics.




Joining Notaros on the paper are Sabrina Corsetti, lead author and EECS graduate student; Milica Notaros PhD '23; Tal Sneh, an EECS graduate student; Alex Safford, a recent graduate of the University of Texas at Austin; and Zak Page, an assistant professor in the Department of Chemical Engineering at UT Austin. The research appears today in Nature Light Science and Applications.

Printing with a chip

Experts in silicon photonics, the Notaros group previously developed integrated optical-phased-array systems that steer beams of light using a series of microscale antennas fabricated on a chip using semiconductor manufacturing processes. By speeding up or delaying the optical signal on either side of the antenna array, they can move the beam of emitted light in a certain direction.

Such systems are key for lidar sensors, which map their surroundings by emitting infrared light beams that bounce off nearby objects. Recently, the group has focused on systems that emit and steer visible light for augmented-reality applications.

They wondered if such a device could be used for a chip-based 3D printer.

At about the same time they started brainstorming, the Page Group at UT Austin demonstrated specialized resins that can be rapidly cured using wavelengths of visible light for the first time. This was the missing piece that pushed the chip-based 3D printer into reality.




"With photocurable resins, it is very hard to get them to cure all the way up at infrared wavelengths, which is where integrated optical-phased-array systems were operating in the past for lidar," Corsetti says. "Here, we are meeting in the middle between standard photochemistry and silicon photonics by using visible-light-curable resins and visible-light-emitting chips to create this chip-based 3D printer. You have this merging of two technologies into a completely new idea."

Their prototype consists of a single photonic chip containing an array of 160-nanometer-thick optical antennas. (A sheet of paper is about 100,000 nanometers thick.) The entire chip fits onto a U.S. quarter.

When powered by an off-chip laser, the antennas emit a steerable beam of visible light into the well of photocurable resin. The chip sits below a clear slide, like those used in microscopes, which contains a shallow indentation that holds the resin. The researchers use electrical signals to nonmechanically steer the light beam, causing the resin to solidify wherever the beam strikes it.

A collaborative approach

But effectively modulating visible-wavelength light, which involves modifying its amplitude and phase, is especially tricky. One common method requires heating the chip, but this is inefficient and takes a large amount of physical space.

Instead, the researchers used liquid crystal to fashion compact modulators they integrate onto the chip. The material's unique optical properties enable the modulators to be extremely efficient and only about 20 microns in length.

A single waveguide on the chip holds the light from the off-chip laser. Running along the waveguide are tiny taps which tap off a little bit of light to each of the antennas.

The researchers actively tune the modulators using an electric field, which reorients the liquid crystal molecules in a certain direction. In this way, they can precisely control the amplitude and phase of light being routed to the antennas.

But forming and steering the beam is only half the battle. Interfacing with a novel photocurable resin was a completely different challenge.

The Page Group at UT Austin worked closely with the Notaros Group at MIT, carefully adjusting the chemical combinations and concentrations to zero-in on a formula that provided a long shelf-life and rapid curing.

In the end, the group used their prototype to 3D print arbitrary two-dimensional shapes within seconds.

Building off this prototype, they want to move toward developing a system like the one they originally conceptualized -- a chip that emits a hologram of visible light in a resin well to enable volumetric 3D printing in only one step.

"To be able to do that, we need a completely new silicon-photonics chip design. We already laid out a lot of what that final system would look like in this paper. And, now, we are excited to continue working towards this ultimate demonstration," Jelena Notaros says.

This work was funded, in part, by the U.S. National Science Foundation, the U.S. Defense Advanced Research Projects Agency, the Robert A. Welch Foundation, the MIT Rolf G. Locher Endowed Fellowship, and the MIT Frederick and Barbara Cronin Fellowship.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        New way to spot beetle-killed spruce can help forest, wildfire managers
        A new machine-learning system can automatically produce detailed maps from satellite data to show locations of likely beetle-killed spruce trees in Alaska, even in forests of low and moderate infestation where identification is otherwise difficult. The automated process can help forestry and wildfire managers in their decisions. That's critical as the beetle infestation spreads.

      

      
        Pacific coast gray whales have gotten 13% shorter in the past 20-30 years, Oregon State study finds
        Gray whales that spend their summers feeding in the shallow waters off the Pacific Northwest coast have undergone a significant decline in body length since around the year 2000, a new study found.

      

      
        Western agricultural communities need water conservation strategies to adapt to future shortages
        The Western U.S. is heavily reliant on mountain snowpacks and their gradual melt for water storage and supply, and climate change is expected to upend the reliability of this natural process. Many agricultural communities in this part of the country are examining ways to adapt to a future with less water, and new research shows that a focus on supplementing water supply by expanding reservoir capacity won't be enough to avert future water crises.

      

      
        Exposure to heat and cold in early life may affect development of white matter in the brain
        Brain scans of more than 2,000 preadolescents suggests that early life exposure to heat and cold may have lasting effects on the microstructure of white matter in the brain, especially when living in poorer neighborhoods. The study highlights the vulnerability of fetuses and children to extreme temperatures.

      

      
        Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley'
        Louisiana's southeastern corridor is sometimes known colloquially as 'Cancer Alley' for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.

      

      
        What the geologic record reveals about how oceans were oxygenated 2.3 billion years ago
        Geochemists used thallium isotopes to track the rise and fall of free oxygen on Earth between 2.5 and 2.2 billion years ago, the process that enabled life as we know it.

      

      
        Putting the brakes on chronic inflammation
        Scientists have discovered a previously unknown link between two key pathways that regulate the immune system in mammals -- a finding that impacts our understanding of chronic inflammatory bowel diseases (IBD). This family of disorders severely impacts the health and quality of life of more than 2 million people in the United States.

      

      
        Laser tests reveal new insights into key mineral for super-Earths
        Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.

      

      
        Scientists adapt astronomy method to unblur microscopy images
        Researchers have adapted a class of techniques employed in astronomy to unblur images of far-away galaxies for use in the life sciences, providing biologists with a faster and cheaper way to get clearer and sharper microscopy images.

      

      
        A mountainous mystery uncovered in Australia's pink sands
        Deposits of deep-pink sand washing up on South Australian shores shed new light on when the Australian tectonic plate began to subduct beneath the Pacific plate, as well as the presence of previously unknown ancient Antarctic mountains.

      

      
        Site new care homes near trees and away from busy roads to protect residents' lungs
        To shield older residents from dangerous air pollution, new care homes should be built as far from heavy traffic as possible, according to a new study.

      

      
        Cocaine trafficking threatens critical bird habitats
        In addition to its human consequences, cocaine trafficking harms the environment and threatens habitats important to dozens of species of migratory birds, according to a new study.

      

      
        Humans are the elephant in the room where conservation is debated
        Studies working to map conservation historically have left humans out of the equation. This study proposes ways to build in the outsized footprint created by people in wild places.

      

      
        No bones about it: 100-million-year-old bones reveal new species of pterosaur
        New research has identified 100-million-year-old fossilized bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.

      

      
        Are plants intelligent? It depends on the definition
        Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?

      

      
        Nasal microbiota is potential diagnostic biomarker for sepsis
        A new study shows that analyzing nasal microbiota outperforms gut microbiota analysis to predict sepsis in the ICU.

      

      
        Study shows role of fathers in seeding the microbiota of newborns and confirms benefits of maternal fecal microbiota transplants
        A mother's contribution to the makeup of a newborn baby's microbiota has been well documented. Now a new article shows the important contributions that fathers make to the composition of microorganisms colonizing a baby's gut as well. Furthermore, the study confirmed that maternal fecal microbiota transfer (FMT) in babies born by caesarean section can help to correct the microbiota disturbances often observed in babies who are not born vaginally.

      

      
        New technique reveals earliest signs of genetic mutations
        Mutations are changes in the molecular 'letters' that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.

      

      
        Origin and spread of malaria
        Researchers have reconstructed the evolutionary history and global spread of malaria over the past 5,500 years, identifying trade, warfare, and colonialism as major catalysts for its dispersal.

      

      
        Ritual sacrifice at Chichen Itza
        Rising to power in the wake of the Classic Maya collapse, Chichen Itz was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh.

      

      
        Just thinking about a location activates mental maps in the brain
        Researchers found that mental representations known as cognitive maps, located in the hippocampus and entorhinal cortex, are activated when the brain performs mental simulations of a navigational route.

      

      
        Significant increase in nitrous-oxide emissions from human activities, jeopardizing climate goals
        Emissions of nitrous-oxide (N2O) -- a potent greenhouse gas -- have continued to rise unabated over the past four decades, according to an international team of scientists.

      

      
        Millions of insects migrate through 30-meter Pyrenees pass
        Over 17 million insects migrate each year through a single mountain pass on the border between France and Spain, new research shows.

      

      
        From seashells to cement, nature inspires tougher building material
        Inspired by the material that makes up oyster and abalone shells, engineers have created a new cement composite that is 17 times more crack-resistant than standard cement and 19 times more able to stretch and deform without breaking. The findings could eventually help increase the crack resistance of a wide range of brittle ceramic materials from concrete to porcelain.

      

      
        Scientists engineer yellow-seeded camelina with high oil output
        Using tools of modern genetics, plant biochemists have produced a new high-yielding oilseed crop variety -- a yellow-seeded variety of Camelina sativa, a close relative of canola, that accumulates 21.4% more oil than ordinary camelina.

      

      
        Specialist and migratory birds at greater risk under climate change
        Following decades of decline, even fewer birds will darken North American skies by the end of the century, according to a new analysis. The study examines the long-term effects of climate change on the abundance and diversity of bird groups across the continent as a whole while accounting for additional factors that put birds at risk.

      

      
        Haiku may shine a light on humans' relationship with insects
        Haiku poems have reflected humans' experiences in nature for hundreds of years, including observations of bugs and other wildlife. Recently, researchers analyzed which insects were mentioned the most in haiku -- with butterflies, fireflies and singing insects such as crickets topping the list.

      

      
        Soil bacteria respire more CO2 after sugar-free meals
        Researchers tracked how plant matter moves through bacteria's metabolism. Microbes respire three times as much carbon dioxide (CO2) from non-sugar carbons from lignin compared to sugar from cellulose. Although microbes consume both types of plant matter at the same time, each type enters a different metabolic pathway. Findings could improve predictions of how climate-dependent changes in soil carbon types will affect microbial CO2 production.

      

      
        Virus-like nanoparticles control the multicellular organization and reproduction of host bacteria
        Researchers have discovered that virus-like nanoparticles can promote the multicellular organization and reproduction of host bacteria. These particles, which are evolutionarily related to phages (viruses that infect bacteria), contain an enzyme that helps shape the multicellular architecture and ultimately enhances morphological differentiation.

      

      
        Algae offer real potential as a renewable electricity source
        The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.

      

      
        Researchers create realistic virtual rodent
        To help probe the mystery of how brains control movement, scientists have created a virtual rat with an artificial brain that can move around just like a real rodent. The researchers found that activations in the virtual control network accurately predicted neural activity measured from the brains of real rats producing the same behaviors.

      

      
        Shedding light on the origin of a genetic variant underlying fungal infections
        Variants in the CARD9 gene increase susceptibility to severe fungal infections. However, individuals in different parts of the world tend to carry specific CARD9 variants, making it complex to track the origin of these mutations. In a recent study, a research team conducted genetic analyses on Japanese, Korean, and Chinese patients, revealing that they all shared a variant of CARD9 stemming from a common ancestor from less than 4,000 years ago.

      

      
        Shaping nanoparticles with enzymes
        The selective bond-breaking powers of enzymes bring new versatility for building nanoparticles with a wide range of technical and medical potential.

      

      
        New insights on polymicrobial infections in chronic lung diseases
        Chronic lung diseases are often accelerated and exacerbated by polymicrobial infections. An international study has identified two types of these so-called dysbioses in cystic fibrosis. They display distinct ecology and are also likely to respond differently to treatment.

      

      
        Major milestone in cutting harmful gases that deplete ozone layer and worsen global warming
        A new study has revealed significant progress in the drive to reduce levels in the atmosphere of chemicals that destroy Earth's ozone layer, confirming the success of historic regulations limiting their production.

      

      
        New discovery reveals unexpected ocean algae help cool Earth
        A common type of ocean algae plays a significant role in producing a massively abundant compound that helps cool the Earth's climate, new research has discovered.

      

      
        First week after birth is critical for development of senses
        Researchers have found that the maturation of the senses for smell and touch is closely linked in mice and that this strong interaction takes place within a narrow developmental time window. These findings not only underline the importance of environmental stimuli for brain assembly in early life, but also the interdependent development of the senses.

      

      
        Case studies show how quasi-governmental organizations could strengthen climate adaptation governance
        The politicization of climate issues and the unsynchronized efforts of stakeholders are hindering the effectiveness of climate adaptation governance in the U.S. According to a new study the design characteristics of quasi-governmental organizations (QGOs) could provide insights on how to depoliticize climate information sources and foster multi-level stakeholder coordination.

      

      
        Brain's structure hangs in 'a delicate balance'
        Researchers examined anatomy of neurons from humans, mice and fruit flies. They discovered that the cellular structure of the brain is at a critical point, poised between two phases. New insights could help design computational models of the brain's complexity.

      

      
        Protein study could help researchers develop new antibiotics
        A team has found a way to make the bacterial enzyme histidine kinase water-soluble, which could make it possible to rapidly screen potential antibiotics that might interfere with its functions.

      

      
        Fine-tuning leaf angle with CRISPR improves sugarcane yield
        A CABBI research team has used CRISPR/Cas9 gene editing to optimize leaf angle in sugarcane, increasing the amount of sunlight it captures and the amount of biomass it produces.

      

      
        Early life exposure to weed pollen could increase childhood asthma risk
        A study has found children who are exposed to tree and weed pollen in urban environments are at increased risk of respiratory health problems, including asthma. While green areas in urban settings decrease exposure to air pollution, allow kids to be active, and offer positive contact to a diverse microbiota -- which in turn may help the positive development of a child's immune system -- they can also lead to the development of childhood asthma. Thankfully, trees can help mitigate this effect to s...

      

      
        Two can play that game: juvenile dolphins who play together are more successful as adults
        Juvenile social play predicts adult reproductive success in male bottlenose dolphins, a new study has found.

      

      
        Researchers use 3D visualization to predict, prevent hurricane damage
        The researchers say 3D visualization of hurricanes and storm surges allows them to understand how flooding will impact coastal communities by allowing them to vividly see how each building and road might be impacted by a given flood.

      

      
        Upstream and downstream: River study highlights cross-country inequities
        New research highlights inequities between downstream and upstream countries that share the same watershed. The study outlines how international agreements can better address shared resource problems and call for greater collaboration and coordination between these international neighbors.

      

      
        How human derived RNA fragments help the Hepatitis E virus
        Why does Hepatitis E become chronic in some patients, and why do medications not work? To find out, an international research team led by scientists from Bochum observed a patient with chronic Hepatitis E infection over a year. Repeated sequencing of the virus RNA showed that the virus incorporated various parts of the host's messenger RNA into its genome. This resulted in a replication advantage, which may have contributed to the infection becoming chronic.

      

      
        Study estimates that between 1980 and 2020, 135 million premature deaths could be linked to fine particulate matter pollution
        A study has revealed that fine particulate matter from 1980 to 2020 was associated with approximately 135 million premature deaths globally.

      

      
        Lung organoids unveil secret: How pathogens infect human lung tissue
        How do pathogens invade the lungs? Using human lung microtissues, a team has uncovered the strategy used by a dangerous pathogen. The bacterium targets specific lung cells and has developed a sophisticated strategy to break through the lungs' line of defense.

      

      
        The solar system may have passed through dense interstellar clouds 2 million years ago, altering Earth's climate
        Astrophysicists calculate the likelihood that Earth was exposed to cold, harsh interstellar clouds, a phenomenon not previously considered in geologic climate models.

      

      
        Planetary Health Diet associated with lower risk of premature death, lower environmental impact
        People who eat a healthy, sustainable diet may substantially lower their risk of premature death in addition to their environmental impact, according to a new study. This large study directly evaluates the impacts of adherence to recommendations in the landmark 2019 EAT-Lancet report. The researchers have named the dietary pattern outlined in the report -- which emphasizes a variety of minimally processed plant foods but allows for modest consumption of meat and dairy foods -- the Planetary Healt...
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New way to spot beetle-killed spruce can help forest, wildfire managers | ScienceDaily
A new machine-learning system developed at the University of Alaska Fairbanks can automatically produce detailed maps from satellite data to show locations of likely beetle-killed spruce trees in Alaska, even in forests of low and moderate infestation where identification is otherwise difficult.


						
The automated process can help forestry and wildfire managers in their decisions. That's critical as the beetle infestation spreads.

The Alaska Division of Forestry and Fire Protection calls the spruce beetle "the most damaging insect in Alaska's forests."

The identification system by assistant professor Simon Zwieback at the UAF Geophysical Institute was detailed in the ISPRS Journal of Photogrammetry and Remote Sensing on May 18. Zwieback is also affiliated with the UAF College of Natural Science and Mathematics.

The work fills a knowledge gap: how to automatically map likely spruce beetle infestations in areas of low to moderate severity.

"We lack comprehensive statewide maps of beetle-killed trees because existing products largely rely on expert observations from airplanes, which are expensive and restricted in space and time," Zwieback said. "This limits stakeholders' ability to respond to the ongoing outbreak."

Alaska foresters now use survey flights, time-consuming manual interpretation of high-resolution imagery and automated analysis of coarser satellite imagery to find dead spruce in mixed forests. Coarser imagery can be used to identify entire stands of dead trees but not individual dead trees.




None of those identification methods, including Zwieback's, can determine the cause of an individual tree's death. The likelihood of beetle infestation is surmised because of its well-known presence and the damage already caused.

Zwieback's method combines the efficiency of automation with the detail of high-resolution satellite images.

"Using machine learning and high-resolution imagery is the way to go in mixed forests," Zwieback said.

Machine learning is a type of artificial intelligence that focuses on developing algorithms and statistical models that enable computers to learn from and make predictions or decisions based on data.

Zwieback's machine-learning algorithm is trained using known locations of dead spruce trees. During training, the algorithm learns to recognize dead spruce based on their characteristic shape and color, and contextual clues such as shadows. Once satisfactorily trained, it can rapidly and automatically identify dead spruce trees.

Zwieback tested the method on images of an approximately 167-acre study area west of a line from Talkeetna to Byers Lake. Forested regions of the study area consist of mixed stands of spruce and birch.




The region has been heavily affected by a beetle infestation that began in the mid-2010s.

Zwieback's method succeeded in identifying dead spruce in stands containing only a few dead trees.

Statewide, the infestation has affected approximately 2 million acres, mostly in Southcentral Alaska, since 2016. It had spread north to Cantwell and the Alaska Range mountains by 2020.

The death of large numbers of spruce results in several ecosystem changes and related consequences: Understory vegetation can change to grasses and shrubs, and dead branches can litter the floor. All of that adds to wildfire danger by putting more fuel at ground level.

Zwieback's method can help in decisions about fire prevention and suppression.

Decreased value of timber resources and the aesthetic deterioration of the landscape are additional concerns.

Zwieback is continuing his research.

"I would like to implement this for the entire state whenever new images come in," he said. "Remote sensing can help us understand the outbreak dynamics and inform our response to it, especially as it migrates into the Interior."

The work was funded by NASA EPSCoR and National Science Foundation EPSCoR, the Established Program to Stimulate Competitive Research.

Zwieback said field sites have been set up on land owned by Ahtna, a Southcentral Alaska regional Native corporation, to better understand the progress and consequences of the outbreak as it moves into the Interior.
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Pacific coast gray whales have gotten 13% shorter in the past 20-30 years, Oregon State study finds | ScienceDaily
Gray whales that spend their summers feeding in the shallow waters off the Pacific Northwest coast have undergone a significant decline in body length since around the year 2000, a new Oregon State University study found.


						
The smaller size could have major consequences for the health and reproductive success of the affected whales, and also raises alarm bells about the state of the food web in which they coexist, researchers say.

"This could be an early warning sign that the abundance of this population is starting to decline, or is not healthy," said K.C. Bierlich, co-author on the study and an assistant professor at OSU's Marine Mammal Institute in Newport. "And whales are considered ecosystem sentinels, so if the whale population isn't doing well, that might say a lot about the environment itself."

The study, published in Global Change Biology, looked at the Pacific Coast Feeding Group (PCFG), a small subset of about 200 gray whales within the larger Eastern North Pacific (ENP) population of around 14,500. This subgroup stays closer to shore along the Oregon coast, feeding in shallower, warmer waters than the Arctic seas where the bulk of the gray whale population spends most of the year.

Recent studies from OSU have shown that whales in this subgroup are smaller and in overall worse body condition than their ENP counterparts. The current study reveals that they've been getting smaller in recent decades.

The Marine Mammal Institute's Geospatial Ecology of Marine Megafauna (GEMM) Lab has been studying this subgroup of gray whales since 2016, including flying drones over the whales to measure their size. Using images from 2016-2022 of 130 individual whales with known or estimated age, researchers determined that a full-grown gray whale born in 2020 is expected to reach an adult body length that is 1.65 meters (about 5 feet, 5 inches) shorter than a gray whale born prior to 2000. For PCFG gray whales that grow to be 38-41 feet long at full maturity, that accounts for a loss of more than 13% of their total length.

If the same trend were to happen in humans, that would be like the height of the average American woman shrinking from 5 feet, 4 inches to 4 feet, 8 inches tall over the course of 20 years.




"In general, size is critical for animals," said Enrico Pirotta, lead author on the study and a researcher at the University of St. Andrews in Scotland. "It affects their behavior, their physiology, their life history, and it has cascading effects for the animals and for the community they're a part of."

Whale calves that are smaller at weaning age may be unable to cope with the uncertainty that comes with being newly independent, which can affect survival rates, Pirotta said.

For adult gray whales, one of the biggest concerns is reproductive success.

"With them being smaller, there are questions of how effectively these PCFG gray whales can store and allocate energy toward growing and maintaining their health. Importantly, are they able to put enough energy toward reproduction and keep the population growing?" Bierlich said.

Scarring on PCFG whales from boat strikes and fishing gear entanglement also makes the team concerned that smaller body size with lower energy reserves may make the whales less resilient to injuries.

The study also examined the patterns of the ocean environment that likely regulate food availability for these gray whales off the Pacific coast by tracking cycles of "upwelling" and "relaxation" in the ocean. Upwelling sweeps nutrients from deeper to shallower regions, while relaxation periods then allow those nutrients to remain in shallower areas where light allows for growth of plankton and other tiny organisms, including the prey of gray whales.




"Without a balance between upwelling and relaxation, the ecosystem may not be able to produce enough prey to support the large size of these gray whales," said co-author Leigh Torres, associate professor and director of the GEMM Lab at OSU.

The data show that whale size declined concurrently with changes in the balance between upwelling and relaxation, Pirotta said.

"We haven't looked specifically at how climate change is affecting these patterns, but in general we know that climate change is affecting the oceanography of the Northeast Pacific through changes in wind patterns and water temperature," he said. "And these factors and others affect the dynamics of upwelling and relaxation in the area."

Now that they know the PCFG gray whales' body size is declining, researchers say they have a lot of new questions about downstream consequences of that decline and the factors that could be contributing to it.

"We're heading into our ninth field season studying this PCFG subgroup," Bierlich said. "This is a powerful dataset that allows us to detect changes in body condition each year, so now we're examining the environmental drivers of those changes."

The other co-authors on the paper were Lisa Hildebrand, Clara Bird and Alejandro Ajo at OSU and Leslie New at Ursinus College in Pennsylvania.
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Western agricultural communities need water conservation strategies to adapt to future shortages | ScienceDaily
The Western U.S. is heavily reliant on mountain snowpacks and their gradual melt for water storage and supply, and climate change is expected to upend the reliability of this natural process. Many agricultural communities in this part of the country are examining ways to adapt to a future with less water, and new research shows that a focus on supplementing water supply by expanding reservoir capacity won't be enough to avert future water crises.


						
Led by scientists at the Desert Research Institute (DRI), the study published June 11 in Earth's Future. By identifying agricultural communities considered at-risk from looming changes in snowfall and snowmelt patterns, the researchers found that water conservation measures like changes in crop type and extent were more stable adaptive strategies than changes to reservoir capacity. By the end of the century, many areas could have less than half the water they have historically relied on to refill their reservoirs, but changing the types and extent of their crops could help by restoring an average of about 20% of reservoir capacity.

The research team included scientists with the diversity of expertise needed to capture the complexities of water systems while balancing concerns for locally focused adaptation. Beatrice Gordon, lead author of the study and sociohydrologist and postdoctoral researcher at DRI, says the research is needed to inform water management at the local level, where most decisions are made. Gordon herself grew up on a ranch in Wyoming, where she learned firsthand the challenges that face water-insecure communities -- an experience that helped lead to her research focus on agriculture and water in the Western U.S.

"A lot of decisions about water are made at the local level, but there's this big disconnect between that reality and the macro-scale level of most research on this topic," Gordon says. "We really wanted to understand what the future could look like at the scale that most communities manage their water resources. What are the levers that folks in these communities have when it comes to a future with less snow?"

Mountain snowpacks have historically acted as nature's water towers across much of the region by storing winter precipitation and releasing it downstream during drier months. Water management systems were designed with this process in mind, but climate change is altering snowmelt patterns in ways that will make it difficult for existing systems to meet the needs of downstream water users. As the world's largest user of freshwater, irrigated agriculture is at particularly high risk from these changes.

Strategies for addressing water shortages that focus on augmenting supply include expanding reservoirs and replenishing groundwater with surplus water, but these approaches become less effective as the timing and availability of precipitation become more unpredictable. In contrast, water conservation strategies such as reducing total crop acreage, periodic crop fallowing, and shifting toward higher value crops can help manage these risks.

To find out how risk management practices could work on a community-level scale, the researchers built a comprehensive risk assessment framework based on guidance from the Intergovernmental Panel on Climate Change (IPCC). For each of 13 communities, they gathered historical data on irrigation water supply, agricultural water demand, snow storage and snowmelt patterns, and more. They then used projections for the future climate through 2100 to understand how supply and demand dynamics may change in the near future.




"We gathered all these data together and looked at the picture of risk, and then also the ways that adaptation could reduce risk," Gordon says. "Our goal was really to make this as relevant as possible for the people who are actually making decisions on the ground."

"Dr. Gordon assembled a very impressive and unprecedented dataset for this paper linking agricultural water supply and demand across the Western United States," says study co-author Gabrielle Boisrame, assistant research professor at DRI.

The Western agricultural communities the researchers selected are located in headwaters areas, making them both subject to significant changes in future climate and sentinels for the future of the West. Several of them are located in the Upper Colorado River Basin, which feeds into the main stem of the river -- a water system that supports more than 40 million people.

"A lot of these areas are providing downstream water to other communities," Gordon says. "So, if they have an increase in demand and a decrease in supply, it impacts not only that area, but also the areas that rely on that water downstream."

The study results show that there will be a stark decline in how much many of these communities will be able to refill their reservoirs in just a few decades, with some seeing declines to about half of the water they were historically able to store. A drop that significant is particularly acute in many of the smaller reservoirs that can only hold about a year's worth of water.

"It shows how important it is to dedicate effort -- now, not in 20 to 50 years -- to figuring out how we, as scientists, can provide better information about water conservation," Gordon says. "And I think that there's an opportunity to really think about how we support communities in these efforts, especially small communities in headwaters regions that might be fully dependent on agriculture."

"Our results indicate the importance of water conservation as an adaptive strategy in a warmer future with less snow," she continues. "And that's broadly true across a lot of different places in the Western U.S."
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Exposure to heat and cold in early life may affect development of white matter in the brain | ScienceDaily
Brain scans of more than 2,000 preadolescents suggests that early life exposure to heat and cold may have lasting effects on the microstructure of white matter in the brain, especially when living in poorer neighbourhoods. The study, published in Nature Climate Change, highlights the vulnerability of foetuses and children to extreme temperatures. This research has been led by the Barcelona Institute for Global Health (ISGlobal), a centre supported by the "la Caixa" Foundation, and IDIBELL, in collaboration with the Erasmus University Medical Center Rotterdam (ERASMUS MC) and the Centro de Investigacion Biomedica en Red (CIBER): areas of Epidemiology Public Health (CIBERESP), and Mental Health (CIBERSAM).


						
In the current climate emergency, the impact of extreme temperatures on human health is a major concern for the scientific community and society. Children are particularly vulnerable to temperature changes, as their thermoregulation mechanisms are still immature.

"We know that the developing brain of foetuses and children is particularly susceptible to environmental exposures, and there is some preliminary evidence suggesting that exposure to cold and heat may affect mental well-being and cognitive performance in children and adolescents," says Monica Guxens, researcher at ISGlobal, Erasmus MC and CIBERESP. "However, there is a lack of studies evaluating potential changes in brain structure as a result of these exposures," she adds.

In this study, a team led by Guxens looked at the white matter structure in the brains of preadolescents to identify windows of susceptibility to cold and heat exposure in early life. The analysis included 2,681 children from the Generation R Study, a birth cohort in Rotterdam, who underwent magnetic resonance imaging (MRI) between 9 and 12 years of age. The MRI protocol assessed brain connectivity by measuring the magnitude and direction of water diffusion within the brain's white matter. In more mature brains, water flows more in one direction than in all directions, which gives lower values for a marker called mean diffusivity and higher values for another marker called fractional anisotropy. The research team used an advanced statistical approach to estimate, for each participant, exposure to monthly mean temperatures from conception until 8 years of age, and their effect on these MRI connectivity parameters (mean diffusivity and fractional anisotropy) measured at 9-12 years.

Susceptibility window between pregnancy and age three

The results show that exposure to cold during pregnancy and the first year of life, and exposure to heat from birth until 3 years of age were associated with higher mean diffusivity at preadolescence, pointing to slower white matter maturation. 'Cold' and 'heat', in this case, are defined as those temperatures that are at the lower and upper end, respectively, of the temperature distribution in the study region.

"The fibres of the white matter are responsible for connecting the different areas of the brain, enabling communication between them. As the white matter develops, this communication becomes faster and more efficient. Our study is like a photograph at a particular moment in time and what we see in that image is that participants more exposed to cold and heat show differences in a parameter -- the mean diffusivity -- which is related to a lower level of maturation of the white matter," explains Laura Granes, IDIBELL and ISGlobal researcher and first author of the study. "In previous studies, the alteration of this parameter has been associated with poorer cognitive function and certain mental health problems," she adds.




"The largest changes in connectivity parameters are observed in the first years of life," says co-author and IDIBELL, UB and CIBERSAM researcher Carles Soriano. "Our results suggest that it is during this period of rapid brain development that exposure to cold and heat can have lasting effects on the microstructure of white matter."

No association was found between temperature exposure in early life and fractional anisotropy at 9-12 years. The authors argue that a possible explanation is that these two metrics reflect different microstructural changes, and that mean diffusivity may be a more robust indicator of white matter maturation, compared to fractional anisotropy.

Poorer children more at risk

A stratified analysis by socioeconomic conditions showed that children living in poorer neighbourhoods were more vulnerable to cold and heat exposure. In these children, the windows of susceptibility to cold and heat were similar than those identified in the overall cohort, but started earlier. These differences may be related to housing conditions and energy poverty.

One important mechanism that could explain the effect of ambient temperature on neurodevelopment could be related to poorer sleep quality. Other possible mechanisms include disruption of placental functions, activation of the hormonal axis leading to higher cortisol production, or inflammatory processes.

"Our findings help to raise awareness of the vulnerability of foetuses and children to changing temperatures," says Guxens. The findings also stress the need of designing public health strategies to protect the most vulnerable communities in the face of the looming climate emergency.
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Mobile monitoring for an airborne carcinogen in Louisiana's 'Cancer Alley' | ScienceDaily
Louisiana's southeastern corridor is sometimes known colloquially as "Cancer Alley" for its high cancer incidence rates connected to industrial air pollution. Most of the region's air pollution-related health risks are attributed to ethylene oxide, a volatile compound used to make plastics and sterilize medical equipment. Researchers reporting in ACS' Environmental Science & Technology measured concerning levels of ethylene oxide in this area with mobile optical instruments, a technique they say could improve health risk assessments.


						
In 2016, the U.S. Environmental Protection Agency (EPA) classified ethylene oxide as carcinogenic to humans, particularly when it is inhaled. Despite significant concern over chronic ethylene oxide exposure for people living between Baton Rouge and New Orleans, there are no published reports of ambient concentrations of the carcinogen that aren't derived from industry self-reported emissions data. So, Peter DeCarlo and colleagues proposed measuring the levels of this gas using optical instruments that quickly measure airborne chemicals and provide results in real time.

They used a mobile monitoring system with equipment mounted on a small truck or van. These mobile laboratories drove a fixed route along a heavily industrialized portion of the corridor.
    	One small truck carried a tunable infrared laser direction absorption spectrometer, which measured ambient ethylene oxide in the surrounding air.
    	The van carried a cavity ringdown spectrometer to detect downwind of petrochemical sites contaminant plumes, i.e., mixtures of ethylene oxide and other chemicals, which indicate the type of facility that emitted them.

DeCarlo and the team completed 23 130-mile laps with their mobile monitoring vans from January to February 2023. All of the ethylene oxide measurements were higher than EPA estimates, which were gleaned from industry-reported emissions. Specifically, the researchers' ambient air measurements revealed that most of the region had ethylene oxide levels that correspond to risk levels above EPA's acceptable upper limit. A few locations had contaminant concentrations that represent potentially serious health risks for facility workers. And the team's second van, with the cavity ringdown spectrometer, identified chemical plumes up to 7 miles from their likely sources, which are beyond the 6-mile distance of "fenceline communities." EPA defines fenceline communities as those where people live close enough to highly polluting facilities that they could be directly affected by the emissions of operation.

The researchers hope that this demonstration of a mobile monitoring system helps increase accurate measurements of hazardous air pollution in an area densely populated with ethylene oxide emitters. Their work also highlights important issues related to current detection and reporting methods and associated health impacts on people living near potential pollution sources.

The authors acknowledge funding from Bloomberg Philanthropies and the National Institute of Environmental Health Sciences. 

Some coauthors are employed at Aerodyne Research, Inc., which provided a mobile laboratory and field sampling equipment. Some coauthors are employed at Picarro, Inc. which manufactures one of the instruments used in the study. 
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What the geologic record reveals about how oceans were oxygenated 2.3 billion years ago | ScienceDaily

Scientists refers to this phenomenon as the Great Oxidation Event, or GOE for short. But the initial accumulation of O2 on Earth was not nearly as straightforward as that moniker suggests, according to new research led by a University of Utah geochemist.

This "event" lasted at least 200 million years. And tracking the accumulation of O2 in the oceans has been very difficult until now, said Chadlin Ostrander, an assistant professor in the Department of Geology and Geophysics.

"Emerging data suggest that the initial rise of O2 in Earth's atmosphere was dynamic, unfolding in fits-and-starts until perhaps 2.2. billion years ago," said Ostrander, lead author on the study published June 12 in the journal Nature. "Our data validate this hypothesis, even going one step further by extending these dynamics to the ocean."

His international research team, which is supported by the NASA Exobiology program, focused on marine shales from South Africa's Transvaal Supergroup, yielding insights into the dynamics of ocean oxygenation during this crucial period in Earth's history. By analyzing stable thallium (Tl) isotope ratios and redox-sensitive elements, they uncovered evidence of fluctuations in marine O2 levels that coincided with changes in atmospheric oxygen.

These findings help advance the understanding of the complex processes that shaped Earth's O2 levels during a critical period in the planet's history that paved the way for the evolution of life as we know it.

"We really don't know what was going on in the oceans, where Earth's earliest lifeforms likely originated and evolved," said Ostrander, who joined the U faculty last year from the Woods Hole Oceanographic Institution in Massachusetts. "So knowing the O2 content of the oceans and how that evolved with time is probably more important for early life than the atmosphere."

The research builds on the work of Ostrander's co-authors Simon Poulton of the University of Leeds in the U.K and Andrey Bekker of the University of California, Riverside. In a 2021 study, their team of scientists discovered that O2 did not become a permanent part of the atmosphere until about 200 million years after the global oxygenation process began, much later than previously thought.




The "smoking gun" evidence of an anoxic atmosphere is the presence of rare, mass-independent sulfur isotope signatures in sedimentary records before the GOE. Very few processes on Earth can generate these sulfur isotope signatures, and from what is known their preservation in the rock record almost certainly requires an absence of atmospheric O2.

For the first half of Earth's existence, its atmosphere and oceans were largely devoid of O2. This gas was being produced by cyanobacteria in the ocean before the GOE, it seems, but in these early days the O2 was rapidly destroyed in reactions with exposed minerals and volcanic gasses. Poulton, Bekker and colleagues discovered that the rare sulfur isotope signatures disappear but then reappear, suggesting multiple O2 rises and falls in the atmosphere during the GOE. This was no single 'event.'

"Earth wasn't ready to be oxygenated when oxygen starts to be produced. Earth needed time to evolve biologically, geologically and chemically to be conducive to oxygenation," Ostrander said. "It's like a teeter totter. You have oxygen production, but you have so much oxygen destruction, nothing's happening. We're still trying to figure out when we've completely tipped the scales and Earth could not go backwards to an anoxic atmosphere."

To map O2 levels in the ocean during the GOE, the research team relied on Ostrander's expertise with stable thallium isotopes.

Isotopes are atoms of the same element that have an unequal number of neutrons, giving them slightly different weights. Ratios of a particular element's isotopes have powered discoveries in archaeology, geochemistry and many other fields.

Advances in mass spectrometry have enabled scientists to accurately analyze isotope ratios for elements farther and farther down the Periodic Table, such as thallium. Luckily for Ostrander and his team, thallium isotope ratios are sensitive to manganese oxide burial on the seafloor, a process that requires O2 in seawater. The team examined thallium isotopes in the same marine shales recently shown to track atmospheric O2 fluctuations during the GOE with rare sulfur isotopes.

In the shales, Ostrander and his team found noticeable enrichments in the lighter-mass thallium isotope (203Tl), a pattern best explained by seafloor manganese oxide burial, and hence accumulation of O2 in seawater. These enrichments were found in the same samples lacking the rare sulfur isotope signatures, and hence when the atmosphere was no longer anoxic. The icing on the cake: the 203Tl enrichments disappear when the rare sulfur isotope signatures return. These findings were corroborated by redox-sensitive element enrichments, a more classical tool for tracking changes in ancient O2.

"When sulfur isotopes say the atmosphere became oxygenated, thallium isotopes say that the oceans became oxygenated. And when the sulfur isotopes say the atmosphere flipped back to anoxic again, the thallium isotopes say the same for the ocean," Ostrander said. "So the atmosphere and ocean were becoming oxygenated and deoxygenated together. This is new and cool information for those interested in ancient Earth."
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Putting the brakes on chronic inflammation | ScienceDaily
Scientists at Weill Cornell Medicine discovered a previously unknown link between two key pathways that regulate the immune system in mammals -- a finding that impacts our understanding of chronic inflammatory bowel diseases (IBD). This family of disorders severely impacts the health and quality of life of more than 2 million people in the United States.


						
The immune system has many pathways to protect the body from infection, but sometimes an overactive immune response results in autoimmune diseases including IBD, psoriasis, rheumatoid arthritis and multiple sclerosis. Interleukin-23 (IL-23) is one such immune factor that fights infections but is also implicated in many of these inflammatory diseases. However, it was unknown why IL-23 is sometimes beneficial, and other times becomes a driver of chronic disease.

In the study, published June 12 in Nature, the team found that IL-23 acts on group 3 innate lymphoid cells (ILC3s), a family of immune cells that are a first line of defense in mucosal tissues such as the intestines and lungs. In response, ILC3s increase activity of CTLA-4, a key regulatory factor that prevents the immune system from attacking the body and beneficial gut microbiota. This interaction critically balances the pro-inflammatory effects IL-23 to maintain gut health, but is impaired in IBD.

The findings identify ILC3s as a critical link between potent IL-23 driven inflammatory response and checkpoints for immune regulation in the intestine. It also provides clues on how to harness this pathway to fight cancer and alleviate a serious side effect of cancer immunotherapy.

"We were surprised to uncover the unexpected connection between these two major immune pathways that control health, immunity and inflammation," said senior author Dr. Gregory Sonnenberg, the Henry R. Erle, M.D.-Roberts Family Professor of Medicine, head of basic research in the Division of Gastroenterology & Hepatology and a member of the Jill Roberts Institute for Research in Inflammatory Bowel Disease at Weill Cornell Medicine. "Until now most research on CTLA-4 focused on T cells, another type of immune cell. By uncovering that it is selectively upregulated on ILC3s by IL-23, this demonstrates that we should be thinking about these pathways more broadly to develop more selective therapeutics."

When Inflammation is Out of Control

"IL-23 normally provides tissue protection in the gut, but something changes in chronic inflammatory diseases which makes IL-23 a key driver of tissue pathology, and that's what we decided to investigate," said the paper's lead author, postdoctoral researcher Dr. Anees Ahmed.




The investigators used single-cell RNA sequencing to study the effects of IL-23 on different types of immune cells in the healthy intestine. This analysis revealed that IL-23 in the healthy gut potently turns on the CTLA-4 pathway in ILC3s. They then showed that blocking the CTLA-4 pathway in those cells led to severe intestinal inflammation.

To see if their results applied to humans, the investigators turned to the Jill Roberts Institute Live Cell Bank, which includes deidentified samples from people with IBD as well as healthy individuals. "This unique resource enabled us to quickly confirm that our findings in mice were relevant to IBD patients," said Dr. Sonnenberg.

They then verified this finding in patients through collaboration with Dr. Robbyn Sockolow, professor of clinical pediatrics and chief of the Division of Pediatric Gastroenterology, Hepatology and Nutrition in the Department of Pediatrics at Weill Cornell Medicine and a pediatric gastroenterologist at NewYork-Presbyterian Komansky Children's Hospital and Center for Advanced Digestive Care.

With Dr. Sockolow, they found evidence that this novel immunologic pathway exists in the healthy human intestine and becomes impaired in the inflamed intestine of IBD patients. "This may provide a new explanation of why IL-23 becomes a driver of intestinal inflammation in human IBD," said Dr. Sockolow.

Implications for Cancer and Associated Immunotherapy

This study also suggests that this pathway may be harnessed to fight cancer and may explain why people receiving certain immunotherapy drugs often experience inflammation in the gut as a side effect. Immunotherapy drugs that block CTLA-4 are used to take the brakes off the immune system -- allowing it to fight cancer. These new results suggest that CTLA-4 on ILC3 cells and other related innate or innate-like lymphocytes should be considered in fighting cancer. Further, it suggests that blocking CTLA-4 on ILC3s may lead to severe gut inflammation which can cause patients to discontinue their cancer treatment.

Much more research is needed before these findings can be applied to new treatments. Dr. Ahmed said that eventually it may be possible to develop more targeted treatments that avoid ILC3s in the gut or simultaneously block IL-23. "In the future, we may be able to find ways to selectively block CTLA-4 or IL-23 in specific immune cells," he said. "If we could manage it, that could lead to a breakthrough in fighting cancer while protecting the gut from inflammation."

The findings could also have long-term applications in developing new treatments for a range of autoimmune diseases known to be mediated by IL-23. Drugs that target IL-23 already exist, and potentially we could make next-generation therapies that don't completely block IL-23 since it is still needed to fight infection but instead control the underlying mechanisms of IL-23-driven chronic inflammatory diseases, Dr. Sonnenberg said.
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Laser tests reveal new insights into key mineral for super-Earths | ScienceDaily
Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.


						
High-energy laser experiments -- which subjected tiny crystals of the mineral to the type of heat and pressure found deep inside a rocky planet's mantle -- suggest the compound could be the earliest mineral to solidify out of magma oceans in forming "super-Earth" exoplanets.

"Magnesium oxide could be the most important solid controlling the thermodynamics of young super-Earths," said June Wicks, an assistant professor of Earth and Planetary Sciences at Johns Hopkins University who led the research. "If it has this very high melting temperature, it would be the first solid to crystallize when a hot, rocky planet starts to cool down and its interior separates into a core and a mantle."

The findings are newly published in Science Advances.

They suggest that the way magnesium oxide transitions from one form to another could have important implications for the factors that control whether a young planet will be a snowball or a molten rock, develop water oceans or atmospheres, or have a mixture of those features.

"In terrestrial super-Earths, where this material is going to be a big component of the mantle, its transformation is going to contribute significantly to how quickly heat moves in the interior, which is going to control how the interior and the rest of the planet form and deform over time," Wicks said. "We can think of this as a proxy for interiors of these planets, because it's going to be the material that controls its deformation, one of the most important building blocks of rocky planets."

Larger than Earth but smaller than giants like Neptune or Uranus, super-Earths are key targets in exoplanet searches because they are commonly found among other solar systems in the galaxy. While the composition of these planets can vary from gas to ice or water, rocky super-Earths are expected to contain significant amounts of magnesium oxide that can influence the planet's magnetic field, volcanism, and other key geophysics like they do on Earth, Wicks said.




To mimic the extreme conditions this mineral might sustain during planet formation, Wick's team subjected small samples to ultra-high pressures using the Omega-EP laser facility at the University of Rochester's Laboratory for Laser Energetics. The scientists also shot X-rays and recorded how those light rays bounced off the crystals to track how their atoms rearranged in response to the increasing pressures, specifically noting at what point they transformed from a solid to a liquid.

When squeezed extremely hard, the atoms of materials like magnesium oxide change their arrangement to sustain the crushing pressures. That's why the mineral transitions from a rock salt "phase" resembling table salt to a different configuration like that of another salt called cesium chloride as pressure increases. This makes for a transformation that can affect a mineral's viscosity and impact on a planet as it comes of age, Wicks said.

The team's results show that magnesium oxide can exist in both of its phases at pressures ranging from 430 to 500 gigapascals and temperatures of around 9,700 Kelvin, nearly twice as hot as the surface of the sun. The experiments also show that the highest pressures the mineral can withstand before melting completely are upward of 600 gigapascals, about 600 times the pressure one would feel in the deepest trenches of the ocean.

"Magnesium oxide melts at a much higher temperature than any other material or mineral. Diamonds may be the hardest materials, but this is what will melt last," Wicks said. "When it comes to extreme materials in young planets, magnesium oxide is likely going to be solid, whereas everything else that will be hanging out down there in the mantle is going to be turned to liquid."

The study showcases the stability and simplicity of magnesium oxide under extreme pressures and could help scientists develop more accurate theoretical models to probe key questions about the behavior of this and other minerals within rocky worlds like Earth, Wicks said.

"The study is a love letter to magnesium oxide, because it's amazing that it has the highest temperature melting point that we know of -- at pressures beyond the center of Earth -- and it still behaves like a regular salt," Wicks said. "It's just a beautiful, simple salt, even at these record pressures and temperatures."

Other authors are Saransh Singh, Marius Millot, Dayne E. Fratanduono, Federica Coppari, Martin G. Gorman, Jon H. Eggert, and Raymond F. Smith of Lawrence Livermore National Laboratory; Zixuan Ye and Anirudh Hari of Johns Hopkins University; J. Ryan Rygg of the University of Rochester; and Thomas S. Duffy of Princeton University.

This research was supported by NNSA through the National Laser Users' Facility Program under contract Nos. DE-NA0002154 and DE-NA0002720 and the Laboratory Directed Research and Development Program at LLNL (project No. 15-ERD-012). This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract No. DE-AC52-07NA27344. The research was supported by National Nuclear Security Administration through the National Laser Users' Facility Program (contract Nos. DE-NA0002154 and DE-NA0002720) and the Laboratory Directed Research and Development Program at LLNL (project Nos. 15-ERD-014, 17-ERD-014, and 20-ERD-044).
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Scientists adapt astronomy method to unblur microscopy images | ScienceDaily
Astronomers figured out long ago how to make the images their telescopes capture of far-away galaxies clearer and sharper. By using techniques that measure how light is distorted by the atmosphere, they can apply corrections to cancel out aberrations.


						
Microscopists have been adapting these methods to generate clearer images of thick biological samples, which also bend light and create distortions. But these techniques -- a class of methods called adaptive optics -- are complex, expensive, and slow, making them out of reach for many labs.

Now, in hopes of making adaptive optics more widely available to biologists, a team led by researchers at HHMI's Janelia Research Campus has turned their attention to a class of techniques called phase diversity that's been widely used in astronomy but is new to the life sciences.

These phase diversity methods add additional images with known aberrations to a blurry image with an unknown aberration, providing enough additional information to unblur the original image. Unlike many other adaptive optics techniques, phase diversity doesn't require any major changes to an imaging system, making it a potentially attractive route for microscopy.

To implement the new method, the team first adapted the astronomy algorithm for use in microscopy and validated it with simulations. Next, they built a microscope with a deformable mirror, whose reflective surface can be changed, and two additional lenses -- minor modifications to an existing microscope that create the known aberration. They also improved the software used to carry out the phase diversity correction.

As a test of their new method, the team demonstrated that they could calibrate the microscope's deformable mirror 100 times faster than with competing methods. Next, they showed that the new method could sense and correct randomly generated aberrations, providing clearer images of fluorescent beads and fixed cells.

The next step is to test the method on real-world samples, including living cells and tissues, and extend its use to more complex microscopes. The team also hopes to make the method more automated and easier to use. They hope the new method, which is faster and cheaper to implement than current techniques, could one day make adaptive optics accessible to more labs, helping biologists see more clearly when peering deep inside tissues.
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A mountainous mystery uncovered in Australia's pink sands | ScienceDaily
Deposits of deep-pink sand washing up on South Australian shores shed new light on when the Australian tectonic plate began to subduct beneath the Pacific plate, as well as the presence of previously unknown ancient Antarctic mountains.


						
The pink sand is composed of a mineral called garnet, and a University of Adelaide research team, led by PhD candidate Sharmaine Verhaert and Associate Professor Stijn Glorie, used a new, cutting-edge method to show the garnet grains are around 590 million years old.

Garnet is known to have formed locally during the Delamerian orogeny, an event which created the Adelaide Fold Belt around 514-490 million years ago, and during the formation of the Gawler Craton in western South Australia between 3.3-1.4 billion years ago. These ages don't match the garnet sand on South Australian shores.

"The garnet is too young to have come from the Gawler Craton and too old to have come from the eroding Adelaide Fold Belt," says Verhaert.

"Garnet requires high temperatures to form and is usually associated with the formation of large mountain belts, and this was a time when the South Australian crust was comparatively cool and non-mountainous."

The researchers, who published their findings in the journal Communications Earth & Environment, established the garnet does not originate from local source rocks, but they knew it had travelled from nearby as garnet is typically destroyed through prolonged exposure to the marine environment.

They discovered that the glacial sedimentary deposits of the Cape Jervis Formation, cropping out along the South Australian shorelines, contain layers of sand with garnet that is also around 590 million years old.




Ice-flow indicators in these glacial sedimentary deposits tell us that the garnet-rich glacial sands were brought to Australia by a north-west moving ice sheet during the Late Palaeozoic Ice Age, when Australia and Antarctica were connected in supercontinent Gondwana.

Garnet dating to the same period has been found previously in an outcrop in the Transantarctic Mountains in East Antarctica, at the edge of a colossal area that is completely concealed by a thick ice sheet. Researchers believe this area hosts evidence of a 590-million-year-old mountain belt hiding below the Antarctic ice.

"While it is currently not possible to sample directly under this ice sheet, it is conceivable that millions of years of ice transport eroded the bedrock underneath and transported this cargo of garnet north-westwards, towards the conjugate Antarctic-Australian margin," says Associate Professor Glorie.

"The garnet deposits were then locally stored in glacial sedimentary deposits along the southern Australian margin until erosion liberated them and the waves and tides concentrated them on the South Australian beaches.

"We have effectively uncovered a major mountain building event that redefines the timing of the onset of convergence in the Pacific Ocean."

The new University of Adelaide-developed approach to lutetium-hafnium dating, which uses a laser system attached to a mass-spectrometer, allowed this momentous discovery to be made from a simple enquiry.

"This journey started with questioning why there was so much garnet on the beach at Petrel Cove," says Dr Jacob Mulder, who was also in the research team.

"It is fascinating to think we were able to trace tiny grains of sand on a beach in Australia to a previously undiscovered mountain belt under the Antarctic ice."
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Site new care homes near trees and away from busy roads to protect residents' lungs | ScienceDaily
To shield older residents from dangerous air pollution, new care homes should be built as far from heavy traffic as possible, according to a new study from the University of Surrey.


						
Researchers also found that trees planted between the homes and the road could significantly mitigate the impact of air pollution.

Professor Prashant Kumar, Director of Surrey's Global Centre for Clean Air Research (GCARE), said:

"Older adults in care settings can be especially vulnerable to poor quality air. Our study confirms that building care homes next to busy roads without adequate tree planting can significantly increase their exposure to deadly fine particle pollution.

"We hope planners will be able to use our findings to make sure care homes are built in safer locations -- striking the right balance between the convenience of urban living and better air quality."

Researchers studied three care homes in the Chinese city of Nanjing. They measured fine particle pollution (PM2.5) at various locations in and around the care homes.

They found that the amount of pollution inside the care home decreased exponentially, the further it was from the road.




Huaiwen Wu, a researcher at GCARE, said:

"Our study gives so many useful insights into where to build new care homes.

"For instance, there was a significant relationship between outdoor and indoor pollution. This tells us that bedrooms should be kept on the far side of the building where possible."

Professor Shi-Jie Cao, Visiting Professor at GCARE and Professor at the Southeast University, China, said:

"We also saw how pollution was highest during rush hour. Concentrations were higher during spells of lighter winds, and during colder seasons when more people are heating their homes.

"As such, care homes near busy roads could keep their windows closed more during those periods -- then open them afterwards to mitigate the accumulation of emissions."

The study is published in the journal Atmospheric Environment. 
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Cocaine trafficking threatens critical bird habitats | ScienceDaily
In addition to its human consequences, cocaine trafficking harms the environment and threatens habitats important to dozens of species of migratory birds, according to a new study.


						
Two-thirds of the areas that are most important to forest birds -- including 67 species of migratory birds that breed in the U.S. and Canada and overwinter in Central America -- are at increased risk from cocaine trafficking activities, according to the study, "Intersection of Narco-Trafficking, Enforcement and Bird Conservation in the Americas," published June 12 in Nature Sustainability.

"When drug traffickers are pushed into remote forested areas, they clear land to create landing strips, roads and cattle pastures," said lead author Amanda Rodewald, senior director of the Center for Avian Population Studies at the Cornell Lab of Ornithology. "Those activities -- and the counterdrug strategies that contribute to them -- can deforest landscapes and threaten species."

In the study, scientists from four universities, as well as the U.S. Fish and Wildlife Service, combined measures of various landscape characteristics and concentrations of migratory birds in Central America to highlight the unexpected connection between a pervasive social problem and biodiversity.

More than half of the global population of one in five migratory species inhabit areas that became more attractive to trafficking following peak law enforcement pressure, measured as the volume of cocaine seized. For example, 90% of the world's population of federally endangered golden-cheeked warblers and 70% of golden-winged warblers and Philadelphia vireos winter in those vulnerable landscapes.

The largest remaining forests in Central America, which are disproportionately inhabited by Indigenous people -- known as the Five Great Forests -- are seeing growing levels of cocaine trafficking.

"U.S. drug policy in Central America focuses on the supply side of the equation, and law-enforcement pressure plays a significant role in the movement of trafficking routes and locations of narco-deforestation," said co-author Nicholas Magliocca, associate professor at the University of Alabama. "After 40 years that approach has not worked. In fact, cocaine trafficking has only expanded and become a worldwide network. It used to be that cocaine was just passing through Central America, but now it's become a hub of global trans-shipment."

This study builds upon previous ethnographic and modeling work done by Magliocca and a core group of researchers examining land-use conditions and decisions made by the traffickers themselves based on perceived risk and profit.




"This research gives an even fuller accounting of the harms caused by drug trafficking and the way we currently go about fighting it," Magliocca said. "Adaptive behavior by the traffickers must be taken into consideration. You have to do more than reactively chase after the drug traffickers, who have nearly unlimited money and power in the region. No question it's a complex, fluid and dangerous situation."

"Incorporating measures that build capacity in local communities and governments to monitor and protect their forests, grow alternate forms of income, and resolve unclear land tenure would go a long way," Rodewald said. "Our study is a reminder that we can't address social problems in a vacuum because they can have unintended environmental consequences that undermine conservation."

This research was conducted by the Cornell Lab of Ornithology, University of Alabama, Ohio State University, Northern Arizona University, and the U.S. Fish & Wildlife Service with funding from the Cornell Lab of Ornithology, Cornell University and NASA.
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Humans are the elephant in the room where conservation is debated | ScienceDaily
Humans are outsized actors in the world's wild places where there are struggles to preserve and protect vital natural resources and animals, birds and plants. Yet people and their plus-sized footprint are rarely discussed in models seeking to predict and plan for trajectories of endangered species.


						
Sustainability scholars at Michigan State University in this week's journal Nature Ecology and Evolution reveal the decades-long gaps in research and propose a new way of creating accurate visions for endangered species.

To map and predict species geographic distributions around the globe and understand the factors that drive them, ecologists, conservation biologists and others use powerful computational tools called species distribution models (SDMs). These tools are used for conservation, understanding disease spread, food security, policy planning, and many other applications. To inform their predictions, scientists typically include the surrounding environment, such as climate and natural habitat.

But according to PhD candidate Veronica Frans, "we have a new reality that must be recognized if we want SDM predictions to be realistic and most helpful: we live in a human-dominated world."

Frans and her advisor Jianguo "Jack" Liu, Rachel Carson chair in sustainability and director of MSU's Center for Systems Integration and Sustainability, reviewed and synthesized 12,854 published studies covering over 58,000 species around the world, modeled across local to global spatial scales. They found that only 11 percent of those studies included human activities -- which Frans said doesn't reflect reality.

"Nearly half the articles projecting to future climates held human predictors constant over time," Frans said. "That's risking false optimism about the effects of human activities compared to climate change."

They also found how scientists have been considering the future: nearly half of the SDM studies predicting species distributions have used different future climate scenarios but left data related to human activities constant over time. This means that modelers trying to understand where species will be distributed in the next 50 to 100 years were assuming human activities, development, infrastructure, and other human pressures will not change in the future.




"In our current era, human influence is pervasive and human-species interactions are diversifying and amplifying, and yet it is not being well accounted for in one of the most popular modeling tools in ecology," Frans said.

They noted that modelers haven't had a choice in the matter: geographic data on future human development have been sparse.

"This is an important aspect we must work to improve, since nature and humans are tightly linked, not only locally, but also across long distances" Liu said. "They form metacoupled human and natural systems. We will only be able to make significant and swift progress toward global sustainability when we consider all aspects of our real world."

The article "Gaps and opportunities in modeling human influence on species distributions in the Anthropocene," was funded by the National Science Foundation and Michigan AgBioResearch.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240612113324.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



No bones about it: 100-million-year-old bones reveal new species of pterosaur | ScienceDaily
New Curtin University-led research has identified 100-million-year-old fossilised bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.


						
Unearthed in 2021 by Kronosaurus Korner museum curator Kevin Petersen, the fossilised remains have been found to belong to Haliskia peterseni, a new genus and species of anhanguerian pterosaur.

Based on the shape of its skull, arrangement of teeth and shape of the shoulder bone, a research team led by PhD student Adele Pentland, from Curtin's School of Earth and Planetary Sciences, identified the specimen as an anhanguerian, which is a group of pterosaurs known to have lived across the world, including in what is now Brazil, England, Morocco, China, Spain and the United States.

"With a wingspan of approximately 4.6m, Haliskia would have been a fearsome predator around 100 million years ago when much of central western Queensland was underwater, covered by a vast inland sea and globally positioned about where Victoria's southern coastline is today," Ms Pentland said.

"Careful preparation by Mr Petersen has provided the remains of the most complete specimen of an anhanguerian, and of any pterosaur, discovered in Australia to date.

"Haliskia is 22 per cent complete, making it more than twice as complete as the only other known partial pterosaur skeleton found in Australia.

"The specimen includes complete lower jaws, the tip of the upper jaw, 43 teeth, vertebrae, ribs, bones from both wings and part of a leg. Also present are very thin and delicate throat bones, indicating a muscular tongue, which helped during feeding on fish and cephalopods."

Haliskia peterseni joins several significant marine fossil specimens on display at Kronosaurus Korner, including Kronosaurus queenslandicus, the largest marine reptile with a skull at least 2.4m long, the most complete plesiosaur from Australia and bones from the plesiosaur Eromangasaurus and the ichthyosaur Platypterygius.

Mr Petersen said this latest discovery was an exciting boost for science, education and regional tourism.

"I'm thrilled that my discovery is a new species, as my passion lies in helping shape our modern knowledge of prehistoric species," Mr Petersen said.
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Are plants intelligent? It depends on the definition | ScienceDaily
Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?


						
The question is not easy to answer, but Andre Kessler, a chemical ecologist, makes an argument for plant intelligence in a recent paper in the journal Plant Signaling and Behavior.

"There are more than 70 definitions that are published for intelligence and there is no agreement on what it is, even within a given field," said Kessler, professor in the Department of Ecology and Evolutionary Biology in the College of Agriculture and Life Sciences.

Many people believe that intelligence requires a central nervous system, with electrical signals acting as the medium for processing information. Some plant biologists equate plant vascular systems with central nervous systems, and propose that some kind of centralized entity in the plant allows them to process information and respond. But Kessler firmly disagrees with that idea.

"There is no good evidence for any of the homologies with the nervous system, even though we clearly see electrical signaling in plants, but the question is how important is that signaling for a plant's ability to process environmental cues?" He said.

To make their argument for plant intelligence, Kessler and co-author Michael Mueller, a doctoral student in his lab, narrowed their definition down to the most basic elements: "The ability to solve problems, based on the information that you get from the environment, toward a particular goal," Kessler said.

As a case study, Kessler points to his earlier research investigating goldenrod and its responses when eaten by pests. When leaf beetle larvae eat goldenrod leaves, the plant emits a chemical that informs the insect that the plant is damaged and is a poor source of food. These airborne chemicals, called volatile organic compounds (VOCs), are also picked up by neighboring goldenrod plants, prompting them to produce their own defenses against the beetle larvae. In this way, goldenrod move herbivores on to neighbors, and distribute damage.




In a 2022 paper in the journal Plants, Kessler and co-author Alexander Chauta, Ph.D. '21, ran experiments to show that goldenrod can also perceive higher far-red light ratios reflected off leaves of neighboring plants. When neighbors are present and goldenrods are eaten by beetles, they invest more into tolerating the herbivore by growing faster yet also start producing defensive compounds that help the plants fight off insect pests. When no neighbors are present, the plants don't resort to accelerated growth when eaten and the chemical responses to herbivores are markedly different, though they still tolerate quite high amounts of herbivory.

"This would fit our definition of intelligence," Kessler said. "Depending on the information it receives from the environment, the plant changes its standard behavior."

Neighboring goldenrod also exhibit intelligence when they perceive VOCs that signal the presence of a pest. "The volatile emission coming from a neighbor is predictive of future herbivory," Kessler said. "They can use an environmental cue to predict a future situation, and then act on that."

Applying the concept of intelligence to plants can inspire fresh hypotheses about the mechanisms and functions of plant chemical communication, while also shifting people's thinking about what intelligence really means, Kessler said.

The latter idea is timely, as artificial intelligence is a current topic of interest. For example, he said, artificial intelligence doesn't solve problems toward a goal, at least not yet. "Artificial intelligence, by our definition of intelligence, is not even intelligent," he said. It is instead based on the patterns it identifies in information it can access.

An idea that interests Kessler came from mathematicians in the 1920s who proposed that perhaps plants functioned more like beehives. In this case, each cell operates like an individual bee, and the entire plant is analogous to a hive.




"What that means is, the brain in the plant is the entire plant without the need of central coordination," Kessler said.

Instead of electrical signaling, there is chemical signaling throughout the superorganism. Studies by other researchers have shown that every plant cell has broad light spectrum perception and sensory molecules to detect very specific volatile compounds coming from neighboring plants.

"They can smell out their environment very precisely; every single cell can do it, as far as we know," he said. Cells might be specialized, but they also all perceive the same things, and they communicate via chemical signaling to trigger a collective response in growth or metabolism. "That idea is very appealing to me," he said.

The paper was supported by a grant from the New Phytologist Fund.
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Nasal microbiota is potential diagnostic biomarker for sepsis | ScienceDaily
The nasal microbiota of intensive care unit (ICU) patients effectively distinguishes sepsis from non-septic cases and outperforms analyzing the gut microbiota to predict sepsis, according to a new study published in Microbiology Spectrum, a journal of the American Society for Microbiology.


						
"These findings have implications for the development of diagnostic strategies and advancements in critical care medicine," said corresponding study author Xiaolong He, M.D., Ph.D., a professor at the Microbiome Medicine Center, Department of Laboratory Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, Guangdong, China. "In the past, we have paid more attention to the intestinal microbiota of sepsis patients, and the respiratory microbiota also deserves our attention."

Sepsis is a severe illness with a high mortality rate between 29.9% to 57.5%. Despite the establishment of the third international consensus definition of sepsis and septic shock (Sepsis-3) in 2016, there are still many aspects of sepsis that warrant further exploration to improve its diagnosis. The evolution of the diagnostic criteria from Sepsis-1 to Sepsis-3 shows the need for continued investigation. Additionally, sepsis diagnostic criteria have shifted from focusing solely on the inflammatory response to also including organ failure caused by infection. While considerable progress has been made in the diagnosis of sepsis, no biological indicators with strong sensitivity and specificity have been identified. Furthermore, the low culture positivity rate and the presence of few culturable microorganisms limit the diagnosis of clinical sepsis. Therefore, the identification of a new, effective and reliable biomarker for sepsis has been a goal of researchers.

In the new study, researchers recruited 157 subjects (89 with sepsis) of both sexes at the affiliated hospital of Southern Medical University. They collected nasal swabs and fecal specimens from septic and non-septic patients in the ICU and Department of Respiratory and Critical Care Medicine. The scientists extracted and sequenced DNA using Illumina technology. Bioinformatics analysis, statistical processing, and machine learning techniques were used to differentiate between septic and non-septic patients.

He and colleagues discovered that nasal microbiota of septic patients exhibited significantly lower community richness (P=0.002) and distinct compositions (P=0.001) compared to non-septic patients. Corynebacterium, Staphylococcus, Acinetobacter and Pseudomonas were identified as enriched genera in the nasal microbiota of septic patients.

"Looking forward, we suggest the potential for further research, possibly through animal models or larger patient cohorts, to deepen our understanding of microbiota's role in sepsis beyond the antibiotic effect," He said.
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Study shows role of fathers in seeding the microbiota of newborns and confirms benefits of maternal fecal microbiota transplants | ScienceDaily
A mother's contribution to the makeup of a newborn baby's microbiota has been well documented. Now a new paper published June 12 in Cell Host & Microbe shows the important contributions that fathers make to the composition of microorganisms colonizing a baby's gut as well. Furthermore, the study confirmed that maternal fecal microbiota transfer (FMT) in babies born by caesarean section can help to correct the microbiota disturbances often observed in babies who are not born vaginally.


						
Fetuses have sterile gastrointestinal tracts, and babies' bodies are colonized during and shortly after birth. About half of the strains found in infants' bodies can be traced to the maternal gut. This led the researchers to hypothesize that other people who have close contact with the infant could contribute to the rest, providing a stable source of microbial strains associated with good health.

"This study provides significant insight into how a newborn is colonized," says lead author Willem M. de Vos, of Wageningen University and the University of Helsinki. "The role of the father may be small, but it is not to be neglected. It is likely that the same holds for others who have close contact with the newborn."

"We are very happy to have found this connection," says co-author Nicola Segata of the University of Trento in Italy. "This highlights the importance of studying other microbial contributions as well, such as those from siblings and from daycare peers." Segata's group provided computational analysis, while de Vos's group designed the study.

Inspired by his own experiences as a parent, for many years de Vos has studied the microbiota of infants and how babies' gastrointestinal tracts become colonized after birth. In October 2020, he and colleagues published a proof-of-concept study in Cellthat confirmed exposing caesarian-born newborns to their mother's microbiota just after birth was both safe and effective at giving the babies a microbial makeup that looks more similar to babies born vaginally. The babies were fed a small amount of their mothers' fecal microbiota shortly after birth.

This new paper provides follow-up data on that study as well as new research looking at the contributions of fathers to infants' microbial makeups. The authors say that because caesarian births now account for about one-quarter of births worldwide, there should be an increased focus on creating a healthy balance of gut microbiota in these infants.

The investigators performed metagenomic analysis of fecal samples from newborns and their parents. They looked for the presence of a wide range of bacterial strains over time. For the babies who were part of the earlier study, they confirmed through follow-up analysis that maternal FMT reduced the levels of potential pathogenetic bacterial strains significantly for up to a year.




For the newer study, they compared the fecal microbiomes of 73 infants; 21 were born by caesarian section and 52 were born vaginally. They longitudinally collected samples for over a year and compared the microbiota of the babies to those of both their mothers and fathers. The researchers discovered that many of the strains found in the babies at 3 weeks, 3 months, and 12 months originated in the father, not in the mother. These include Bifidobacterium longum strains, which are known to utilize mother's milk oligosaccharides but counterintuitively may originate from the father rather than the mother.

"Knowing that the father substantially contributes to a baby's developing microbiome underlies the important role of physical and social interactions between the newborn and their father, as well as with other family members," Segata says. "We hope this study will help to create awareness of those important contributions."

The investigators in Helsinki have completed another maternal FMT trial, this one a double-blind placebo-controlled trial in babies born by caesarian (trial NCT04173208). They are now conducting long-term follow-up with those infants, studying not only the microbiome but many other health and immune functions.

Another study also published June 12 in Cell Host & Microbe by some of the same authors shows that where an infant is born -- whether at home or at a hospital -- affects transmission of gut microbiota as well. Birth location affects the timing of transmission, except for Bifidobacterium longum, which are transmitted consistently regardless of the setting.

This work was supported by the Netherlands Organization for Scientific Research, Business Finland, the Academy of Finland, the European Research Council, EMBO, the European H2020 programme, the National Cancer Institute of the National Institutes of Health, and the Premio Internazionale Lombardia e Ricerca 2019.
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New technique reveals earliest signs of genetic mutations | ScienceDaily
Mutations are changes in the molecular "letters" that make up the DNA code, the blueprint for all living cells. Some of these changes can have little effect, but others can lead to diseases, including cancer. Now, a new study introduces an original technique, called HiDEF-seq, that can accurately detect the early molecular changes in DNA code that precede mutations.


						
The study authors say their technique -- HiDEF-seq, short for Hairpin Duplex Enhanced Fidelity Sequencing -- could advance our understanding of the basic causes of mutations, in both healthy cells and in cancer, and how genetic changes naturally accumulate in human cells as people age.

Led by a team of researchers at NYU Langone Health, with collaborators across North America and in Denmark, the work helps to resolve the earliest steps in how mutations occur in DNA.

The new study is based on the understanding that DNA is made up of two strands of molecular letters, or bases. Each strand is composed of four types of letters: adenine (A), thymine (T), guanine (G), and cytosine (C). The bases of each strand pair with bases in the other strand in a specific pattern, with As pairing with Ts and Gs pairing with Cs. This allows the DNA code to be replicated and passed down accurately from one generation of cells to the next. Importantly, mutations are changes in the DNA code that are present in both strands of DNA. For example, a base pair of G and C, with a G on one strand paired with a C on the other strand, can mutate to an A and T base pair.

However, researchers say, most mutations have their origins in DNA changes that are present in only one of the two DNA strands, and these single-strand changes, such as a mismatched G and T base pair, cannot be accurately identified using previous testing techniques. These changes can occur when a DNA strand is not copied correctly during replication, as a cell divides into two cells, or when one of the two DNA strands is damaged by heat or by other chemicals in the body. If these single-strand DNA changes are not repaired by the cell, then the changes are at risk of becoming permanent double-strand mutations.

Publishing in the journal Nature online June 12, the HiDEF-seq technique was shown to detect double-strand mutations with extremely high accuracy, with an estimate of one recording error per 100 trillion base pairs analyzed. Moreover, HiDEF-seq detected changes in the DNA letter code while they were present on just one of the two strands of DNA, before they become permanent double-strand mutations.

"Our new HiDEF-seq sequencing technique allows us to see the earliest fingerprints of molecular changes in DNA when the changes are only in single strands of DNA," said senior study author Gilad Evrony, MD, PhD, a core member of the Center for Human Genetics & Genomics at NYU Grossman School of Medicine.




Because people with genetic syndromes linked to cancer are known to have higher rates of mutations in their cells than cells in people with no cancer predisposition, researchers began their experiments by describing the DNA changes in healthy cells from people with these syndromes. Specifically, investigators worked with healthy cells from people with polymerase proofreading-associated polyposis (PPAP), a hereditary condition linked to an increased risk for colorectal cancer, and congenital mismatch repair deficiency (CMMRD), another hereditary condition that increases the likelihood of several cancers in children.

Using HiDEF-seq, researchers found a higher number of single-strand DNA changes in their cells, such as a T paired with a C in place of the original G paired with a C, than in the cells from people who did not have either syndrome. Moreover, the pattern of these single-strand changes was similar to the pattern observed in the double-strand DNA mutations for people with either syndrome.

Subsequent experiments were performed in human sperm, which are known to have among the lowest double-strand mutation rates of any human cell type. Researchers found that the pattern of chemical damage, called cytosine deamination, observed by HiDEF-seq in single stands of DNA in sperm, closely matched the damage observed in blood DNA intentionally damaged by heat. This, the researchers say, suggests that the two patterns of chemical damage to DNA, one natural and the other induced, occur through a similar process.

"Our study lays the foundation for using the HiDEF-seq technique in future experiments to transform our understanding of how DNA damage and mutations arise," said Evrony, who is also an assistant professor in the Department of Pediatrics and the Department of Neuroscience and Physiology at NYU Grossman School of Medicine. Single-strand changes in DNA occur continually as cells divide and multiply, and while layers of repair mechanisms fix most changes, some get through and become mutations.

"Our long-term goal is to use HiDEF-seq to create a comprehensive catalogue of single-strand DNA mismatch and damage patterns that will help explain the known double-strand mutation patterns," said Evrony. "In the future, we hope to combine profiling of single-strand DNA lesions, as obtained from HiDEF-seq, with the lesions' resulting double-strand mutations to better understand and monitor the everyday effects on DNA from environmental exposures."

Geneticists estimate that there are approximately 12 billion bases or individual DNA letters that can be damaged or mismatched in each human cell, as there are two copies of the genetic code, with one copy inherited from each parent. Each of these copies comprisea double-stranded DNA spanning 3 billion base pairs. Evrony says that every base position in the genetic code is likely damaged or mutated at some point during an individual's lifetime in at least some cells.




Funding for the study was provided by National Institutes of Health grants UG3NS132024, R21HD105910, DP5OD028158, T32AG052909, F32AG076287, and P30CA016087. Additional funding support was provided by the Sontag Foundation, the Pew Foundation, and the Jacob Goldfield Foundation.

Evrony and NYU have a patent application pending on the HiDEF-seq method.

Evrony owns equity in DNA-sequencing companies Illumina, Pacific Biosciences, and Oxford Nanopore Technologies, some of whose products were adapted for use in this study. All of these arrangements are being managed in accordance with the policies and practices of NYU Langone Health.

Besides Evrony, other NYU Langone researchers involved in this study are co-lead authors Mei-Hong Liu and Benjamin Costa, and co-authors Emilia Bianchini, Una Choi, Rachel Bandler, Marta Gronska-Peski, Adam Schwing, Zachary Murphy, Caitlin Loh, and Tina Truong. Other study co-investigators include Emilie Lassen, Daniel Rosenkjaer, Anne-Bine Skytte, at the Cryos International Sperm and Egg Bank in Copenhagen, Denmark; Shany Picciotto and Jonathan Shoag, at Case Western Reserve University in Cleveland, Ohio; Vanessa Bianchi, Lucie Stengs, Melissa Edwards, Nuno Miguel Nunes, and Uri Tabori, at The Hospital for Sick Children in Toronto, Canada; Randall Brand, at the University of Pittsburgh in Pennsylvania; Tomi Pastinen, at Children's Mercy Kansas City in Missouri; and Richard Wagner, at the Universite de Sherbrooke in Canada.
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Origin and spread of malaria | ScienceDaily
Malaria, one of the world's deadliest infectious diseases, is caused by several species of single-celled parasites that are transmitted via the bite of infected Anopheles mosquitoes. Despite major control and eradication efforts, nearly half of the world's population still lives in regions where they are at risk of contracting malaria, and the World Health Organization estimates that malaria causes nearly 250 million infections and more than 600,000 deaths each year.


						
Beyond this massive modern impact, malaria has strongly shaped our human evolutionary history. "Although largely a tropical disease today, only a century ago the pathogen's range covered half the world's land surface, including parts of the northern USA, southern Canada, Scandinavia, and Siberia," says lead author Megan Michel, a doctoral researcher at the Max Planck-Harvard Research Center for the a research collaboration between the Max Planck Institute for Evolutionary Anthropology (MPI-EVA) and the Initiative for the Science of the Human Past at Harvard University. "Malaria's legacy is written in our very genomes: genetic variants responsible for devastating blood disorders such as sickle cell disease are thought to persist in human populations because they confer partial resistance to malaria infection."

Despite this evolutionary impact, the origins and spread of the two deadliest species of malaria parasites, Plasmodium falciparum and Plasmodium vivax, remain shrouded in mystery. Malaria infections leave no clear visible traces in human skeletal remains, and scant references in historical texts can be difficult to decipher. However, recent advances in the ancient DNA field have revealed that human teeth can preserve traces of pathogens present in a person's blood at the time of death, providing an opportunity to study illnesses that are normally invisible in the archaeological record.

To explore malaria's enigmatic history, an international team of researchers representing 80 institutions and 21 countries reconstructed ancient Plasmodium genome-wide data from 36 malaria-infected individuals spanning 5,500 years of human history on five continents. These ancient malaria cases provide an unprecedented opportunity to reconstruct the worldwide spread of malaria and its historical impact at global, regional, and even individual scales.

Following biomolecular breadcrumbs in the Americas

Malaria is endemic in tropical regions of the Americas today, and scientists have long debated whether P. vivax, a malaria species adapted to survive in temperate climates, may have arrived via the Bering Strait with the peopling of the continent or traveled in the wake of European colonization. To track the parasites' journey into the Americas, the team analyzed ancientDNA from a malaria-infected individual from Laguna de los Condores, a high-altitude site situated in the remote cloud forests of the eastern Peruvian Andes. Genomic analysis revealed remarkable similarity between the Laguna de los Condores P. vivax strain and ancient European P. vivax, strongly suggesting that European colonizers spread this species to the Americas within the first century or so after contact. "Amplified by the effects of warfare, enslavement, and population displacement, infectious diseases, including malaria, devastated Indigenous peoples of the Americas during the colonial period, with mortality rates as high as 90 percent in some places," says coauthor Evelyn Guevara, a postdoctoral researcher at the University of Helsinki and the MPI-EVA.

Remarkably, the team also uncovered genetic links between the Laguna de los Condores strain and modern Peruvian P. vivax populations 400 to 500 years later. "In addition to showing that malaria spread rapidly into what is a relatively remote region today, our data suggest that the pathogen thrived there, establishing an endemic focus and giving rise to parasites that are still infecting people in Peru today," says co-author Eirini Skourtanioti, postdoctoral researcher at MPI-EVA and MHAAM.




Malaria on the march in Europe

While the role of colonialism in the spread of malaria is evident in the Americas, the team uncovered military activities that shaped the regional spread of malaria on the other side of the Atlantic. The cemetery at the Gothic cathedral of St. Rombout's in Mechelen, Belgium was located adjacent to the first permanent military hospital (1567-1715 CE) in early modern Europe. Ancient human and pathogen DNA identified local cases of P. vivax among the general population buried before the construction of the military hospital, while individuals buried after its construction included cases of the more virulent P. falciparum malaria. "Most interestingly, we observe more cases of malaria in non-local male individuals from the military hospital period," explains co-author Federica Pierini, postdoctoral researcher at the MPI-EVA. "We also identified several individuals infected with P. falciparum, a species that thrived in Mediterranean climates before eradication but was not thought to be endemic north of the Alps during this period."

These virulent cases were found in non-local male individuals of diverse Mediterranean origins, who were likely soldiers recruited from northern Italy, Spain, and other Mediterranean regions to fight in the Hapsburg Army of Flanders during the 80 Years' War. "We find that the large-scale troop movements played an important role in the spread of malaria during this period, similar to cases of so-called airport malaria in temperate Europe today," explains Alexander Herbig, Group Leader of Computational Pathogenomics at the MPI-EVA. "In our globalized world, infected travelers carry Plasmodium parasites back to regions where malaria is now eradicated, and mosquitoes capable of transmitting these parasites can even lead to cases of ongoing local transmission. Although the landscape of malaria infection in Europe is radically different today than it was 500 years ago, we see parallels in the ways in which human mobility shapes malaria risk."

Himalayan trade and a surprising high-altitude infection

On the other side of the world, the team unexpectedly identified the earliest known case of P. falciparum malaria at the high Himalayan site of Chokhopani (ca. 800 BCE), located along the Kali Gandaki River Valley in the Mustang District of Nepal. At 2800 meters above sea level, the site lies far outside the habitat range for both the malaria parasite and the Anopheles mosquito. "The region surrounding Chokhopani is cold and quite dry," said co-author Christina Warinner, Associate Professor of Anthropology at Harvard University and Group Leader at the MPI-EVA. "Neither the parasite nor the mosquitoes capable of transmitting malaria can survive at this altitude. For us this raised a key question: how did the Chokhopani individual acquire the malaria infection that may have ultimately led to his death?"

Human genetic analysis revealed that the infected individual was a local male with genetic adaptations for life at high altitude. However, archaeological evidence at Chokhopani and other nearby sites suggests that these Himalayan populations were actively engaged in long-distance trade. "We think of these regions today as remote and inaccessible, but in fact the Kali Gandaki River Valley served as a kind of trans-Himalayan highway connecting people on the Tibetan Plateau with the Indian subcontinent," says co-author Mark Aldenderfer, Distinguished Professor Emeritus at the University of California, Merced, whose excavations in the region have revealed its long-distance trade connections. "Copper artifacts recovered from Chokhopani's burial chambers prove that the ancient inhabitants of Mustang were part of larger exchange networks that included northern India, and you don't have to travel very far to reach the low-lying, poorly drained regions of the Nepalese and Indian Terai where malaria is endemic today." The team believes that the man likely traveled to a lower-altitude malaria-endemic region, possibly for trade or other purposes, before returning or being brought back to Chokhopani, where he was later buried. The intimate details revealed by ancient DNA give clues to the myriad ways that infectious diseases like malaria spread in the past, giving rise to our current disease landscape.

Past and future of a dynamic disease

Today, the human experience of malaria is at a crossroads. Thanks to advances in mosquito control and concerted public health campaigns, malaria deaths reached an all-time low in the 2010s. However, the emergence of antimalarial drug-resistant parasites and insecticide-resistant vectors threatens to reverse decades of progress, while climate change and environmental destruction are making new regions vulnerable to malaria vector species. The team hopes that ancient DNA may provide an additional tool for understanding and even combating this public health threat.

"For the first time, we are able to explore the ancient diversity of parasites from regions like Europe, where malaria is now eradicated," says senior author Johannes Krause, Director of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology. "We see how mobility and population displacement spread malaria in the past, just as modern globalization makes malaria-free countries and regions vulnerable to reintroduction today. We hope that studying ancient diseases like malaria will provide a new window into understanding these organisms that continue to shape the world we live in today."
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Ritual sacrifice at Chichen Itza | ScienceDaily
Rising to power in the wake of the Classic Maya collapse, Chichen Itza was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. In a new study in Nature, researchers discover a practice of ritual child sacrifice focused exclusively on males. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh. Further comparison to Maya populations today reveals the genetic impact of colonial-era epidemics.


						
Located in the heart of Mexico's Yucatan peninsula, the ancient Maya city of Chichen Itza is one of North America's most iconic and enigmatic archaeological sites. It rose to power in the aftermath of the Classic Maya collapse and was a populous and powerful political center in the centuries preceding the arrival of the Spanish. Chichen Itza's influence extended throughout the Maya region and deep into the heart of Central Mexico. Famed for its monumental architecture, including more than a dozen ballcourts and numerous temples, among them the massive temple of El Castillo adorned with feathered serpents, it has been under archaeological investigation for more than a century.

Chichen Itza is perhaps best known for its extensive evidence of ritual killing, which includes both the physical remains of sacrificed individuals and representations in monumental art. The controversial dredging of the site's Sacred Cenote in the early 20th century identified the remains of hundreds of individuals, and a full-scale stone representation of a massive tzompantli (skull rack) in the site's core point to the centrality of sacrifice within the ritual life at Chichen Itza. Despite its notoriety, however, the role and context of ritual killing at the site remain poorly understood.

A large proportion of sacrificed individuals at the site are children and adolescents. Although there is a widespread belief that females were the primary focus of sacrifice at the site, sex is difficult to determine from juvenile skeletal remains by physical examination alone, and more recent anatomical analyses suggest that many of the older juveniles may in fact be male. In 1967, a subterranean chamber was discovered near the Sacred Cenote that contained the scattered remains of more than a hundred young children. The chamber, which was likely a repurposed chultun (water cistern), had been enlarged to connect to a small cave. Among the ancient Maya, caves, cenotes (natural sinkholes), and chultuns have long been associated with child sacrifice, and such subterranean features were widely viewed as connection points to the underworld.

To better understand ritual life and the context of child sacrifice at Chichen Itza, an international team of researchers from institutions including the Max Planck Institutes for Evolutionary Anthropology (MPI-EVA, Leipzig) and Geoanthropology (MPI-GEA, Jena), the National School of Anthropology and History (ENAH, Mexico City), the National Institute of Anthropology and History (INAH-Yucatan, Merida), and Harvard University (Cambridge) conducted an in-depth genetic investigation of the remains of 64 children ritually interred within the chutun at Chichen Itza.

A ritual sacrifice focused on males and close kin

Dating of the remains revealed that the chultun was used for mortuary purposes for more than 500 years, from the 7th to 12th centuries AD, but that most of the children were interred during the 200-year period of Chichen Itza's political apex between 800 to 1,000 AD. Unexpectedly, genetic analysis revealed that all 64 tested individuals were male. Further genetic analysis revealed that the children had been drawn from local Maya populations, and that at least a quarter of the children were closely related to at least one other child in the chultun. These young relatives had consumed similar diets, suggesting they were raised in the same household. "Our findings showcase remarkably similar dietary patterns among individuals exhibiting a first- or second-degree familial connection," says co-author Patxi Perez-Ramallo, postdoctoral researcher at the Department of Archaeology and Cultural History, NTNU University Museum, Trondheim, Norway and the MPI-GEA.




"Most surprisingly, we identified two pairs of identical twins," says Kathrin Nagele, co-author and group leader at the MPI-EVA. "We can say this with certainty because our sampling strategy ensured we would not duplicate individuals." Taken together, the findings indicate that related male children were likely being selected in pairs for ritual activities associated with the chultun.

"The similar ages and diets of the male children, their close genetic relatedness, and the fact that they were interred in the same place for more than 200 years point to the chultun as a post-sacrificial burial site, with the sacrificed individuals having been selected for a specific reason," says Oana Del Castillo-Chavez, co-author and researcher in the Physical Anthropology Section at the Centro INAH Yucatan.

Connections to the Popol Vuh

Twins hold a special place in the origin stories and spiritual life of the ancient Maya. Twin sacrifice is a central theme in the sacred K'iche' Mayan Book of Council, known as the Popol Vuh, a colonial-era book whose antecedents can be traced back more than 2,000 years in the Maya region. In the Popol Vuh, the twins Hun Hunahpu and Vucub Hunahpu descend into the underworld and are sacrificed by the gods following defeat in a ballgame. The twin sons of Hun Hunahpu, known as the Hero Twins Hunahpu and Xbalanque, then go on to avenge their father and uncle by undergoing repeated cycles of sacrifice and resurrection in order to outwit the gods of the underworld. The Hero Twins and their adventures are amply represented in Classic Maya art, and because subterranean structures were viewed as entrances to the underworld, the interment of twins and pairs of close kin within the chultun at Chichen Itza may recall rituals involving the Hero Twins.

"Early 20th century accounts falsely popularized lurid tales of young women and girls being sacrificed at the site," says Christina Warinner, John L. Loeb Associate Professor of the Social Sciences and Anthropology at Harvard University and a group leader at the MPI-EVA. "This study, conducted as a close international collaboration, turns that story on its head and reveals the deep connections between ritual sacrifice and the cycles of human death and rebirth described in sacred Maya texts."

The enduring genetic legacy of colonial epidemics

The detailed genetic information obtained at Chichen Itza has also allowed researchers to investigate another major outstanding question in Mesoamerica: the long-term genetic impact of colonial-era epidemics on Indigenous populations. Working closely with residents of the local Maya community of Tixcacaltuyub, researchers found evidence of genetic positive selection in immunity-related genes, and specifically selection for genetic variants that are protective against Salmonella infection. During the 16th century in Mexico, wars, famines, and epidemics caused a population decline as high as 90 percent, and among the most serious epidemics was the 1545 cocoliztli epidemic, recently identified as being caused by the pathogen Salmonella enterica Paratyphi C.

"The present-day Maya carry the genetic scars of these colonial-era epidemics," says lead author Rodrigo Barquera, immunogeneticist and postdoctoral researcher at the MPI-EVA. "Multiple lines of evidence point to specific genetic changes in the immune genes of present-day Mexicans of Indigenous and mixed-ancestry descent that are linked to enhanced resistance to Salmonella enterica infection."

The study of ancient DNA is increasingly allowing more detailed and complex questions to be asked about the past. "The new information gained from ancient DNA has not only allowed us to dispel outdated hypotheses and assumptions and to gain new insights into the biological consequences of past events, it has given us a glimpse into the cultural lives of the ancient Maya," says senior author Johannes Krause, Director of the Department of Archaeogenetics at the MPI-EVA. Such studies also empower Indigenous researchers to shape narratives of the past and set priorities for the future. "It is significant to me as a research professor of indigenous origin that I can contribute to the construction of knowledge," says Maria Ermila Moo-Mezeta, Mayan co-author of the study and researcher at the Autonomous University of Yucatan (UADY). "I consider the preservation of the historical memory of the Mayan people to be important."
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Just thinking about a location activates mental maps in the brain | ScienceDaily
As you travel your usual route to work or the grocery store, your brain engages cognitive maps stored in your hippocampus and entorhinal cortex. These maps store information about paths you have taken and locations you have been to before, so you can navigate whenever you go there.


						
New research from MIT has found that such mental maps also are created and activated when you merely think about sequences of experiences, in the absence of any physical movement or sensory input. In an animal study, the researchers found that the entorhinal cortex harbors a cognitive map of what animals experience while they use a joystick to browse through a sequence of images. These cognitive maps are then activated when thinking about these sequences, even when the images are not visible.

This is the first study to show the cellular basis of mental simulation and imagination in a nonspatial domain through activation of a cognitive map in the entorhinal cortex.

"These cognitive maps are being recruited to perform mental navigation, without any sensory input or motor output. We are able to see a signature of this map presenting itself as the animal is going through these experiences mentally," says Mehrdad Jazayeri, an associate professor of brain and cognitive sciences, a member of MIT's McGovern Institute for Brain Research, and the senior author of the study.

McGovern Institute Research Scientist Sujaya Neupane is the lead author of the paper, which will appear in Nature. Ila Fiete, a professor of brain and cognitive sciences at MIT, a member of MIT's McGovern Institute for Brain Research, director of the K. Lisa Yang Integrative Computational Neuroscience Center, is also an author of the paper.

Mental maps

A great deal of work in animal models and humans has shown that representations of physical locations are stored in the hippocampus, a small seahorse-shaped structure, and the nearby entorhinal cortex. These representations are activated whenever an animal moves through a space that it has been in before, just before it traverses the space, or when it is asleep.




"Most prior studies have focused on how these areas reflect the structures and the details of the environment as an animal moves physically through space," Jazayeri says. "When an animal moves in a room, its sensory experiences are nicely encoded by the activity of neurons in the hippocampus and entorhinal cortex."

In the new study, Jazayeri and his colleagues wanted to explore whether these cognitive maps are also built and then used during purely mental run-throughs or imagining of movement through nonspatial domains.

To explore that possibility, the researchers trained animals to use a joystick to trace a path through a sequence of images ("landmarks") spaced at regular temporal intervals. During the training, the animals were shown only a subset of pairs of images but not all the pairs. Once the animals had learned to navigate through the training pairs, the researchers tested if animals could handle the new pairs they had never seen before.

One possibility is that animals do not learn a cognitive map of the sequence, and instead solve the task using a memorization strategy. If so, they would be expected to struggle with the new pairs. Instead, if the animals were to rely on a cognitive map, they should be able to generalize their knowledge to the new pairs.

"The results were unequivocal," Jazayeri says. "Animals were able to mentally navigate between the new pairs of images from the very first time they were tested. This finding provided strong behavioral evidence for the presence of a cognitive map. But how does the brain establish such a map?"

To address this question, the researchers recorded from single neurons in the entorhinal cortex as the animals performed this task. Neural responses had a striking feature: As the animals used the joystick to navigate between two landmarks, neurons featured distinctive bumps of activity associated with the mental representation of the intervening landmarks.




"The brain goes through these bumps of activity at the expected time when the intervening images would have passed by the animal's eyes, which they never did," Jazayeri says. "And the timing between these bumps, critically, was exactly the timing that the animal would have expected to reach each of those, which in this case was 0.65 seconds."

The researchers also showed that the speed of the mental simulation was related to the animals' performance on the task: When they were a little late or early in completing the task, their brain activity showed a corresponding change in timing. The researchers also found evidence that the mental representations in the entorhinal cortex don't encode specific visual features of the images, but rather the ordinal arrangement of the landmarks.

A model of learning

To further explore how these cognitive maps may work, the researchers built a computational model to mimic the brain activity that they found and demonstrate how it could be generated. They used a type of model known as a continuous attractor model, which was originally developed to model how the entorhinal cortex tracks an animal's position as it moves, based on sensory input.

The researchers customized the model by adding a component that was able to learn the activity patterns generated by sensory input. This model was then able to learn to use those patterns to reconstruct those experiences later, when there was no sensory input.

"The key element that we needed to add is that this system has the capacity to learn bidirectionally by communicating with sensory inputs. Through the associational learning that the model goes through, it will actually recreate those sensory experiences," Jazayeri says.

The researchers now plan to investigate what happens in the brain if the landmarks are not evenly spaced, or if they're arranged in a ring. They also hope to record brain activity in the hippocampus and entorhinal cortex as the animals first learn to perform the navigation task.

"Seeing the memory of the structure become crystallized in the mind, and how that leads to the neural activity that emerges, is a really valuable way of asking how learning happens," Jazayeri says.

The research was funded by the Natural Sciences and Engineering Research Council of Canada, the Quebec Research Funds, the National Institutes of Health, and the Paul and Lilah Newton Brain Science Award.
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Significant increase in nitrous-oxide emissions from human activities, jeopardizing climate goals | ScienceDaily

The new report 'Global nitrous oxide budget (1980-2020)' is published in the journal Earth System Science Data. It is the most comprehensive accounting to date of nitrous-oxide emissions from human activities and natural sources.

It was led by researchers from Boston College in the US and involved an international team of scientists including researchers from the University of East Anglia (UEA), UK, under the umbrella of the Global Carbon Project. In total, the team was comprised of 58 researchers from 55 organizations in 15 different countries.

The report reveals that nitrous-oxide emissions from human activities have increased by 40 per cent (3 million metric tons of N2O per year) in the past four decades, resulting in accelerating atmospheric accumulation of this potent greenhouse gas. Observed atmospheric growth rates over the past three years (2020-2022) have been higher than any previous observed year since 1980, when reliable measurements began.

Like carbon-dioxide (CO2), nitrous-oxide is a long-lived greenhouse gas and contributor to climate change. It also plays an important role in the destruction of the stratospheric ozone layer, which protects the Earth from the Sun's harmful ultraviolet radiation.

The report reveals that the largest source of nitrous-oxide emissions from human activities comes from agricultural production -- this is attributed mainly to the use of commercial nitrogen fertilizers and the use of animal waste on croplands. In addition, the increased levels of nitrogen runoff from fields pollutes inland waters and rivers, and increases N2O emissions from lakes, ponds, and coastal ecosystems.

Agricultural emissions of nitrous-oxide reached 8 million metric tons in 2020 and contributed 74 per cent of the total N2O emissions from human activities in the last decade. Improved practices in agriculture involving the efficient use of nitrogen fertilizers and animal manure will help to reduce nitrous-oxide emissions and water pollution.




The report's lead author, Hanqin Tian, the Schiller Institute Professor of Global Sustainability at Boston College, said: "Nitrous oxide emissions from human activities must decline in order to limit global temperature rise to 2degC as established by the Paris Agreement. Reducing N2O emissions is the only solution since at this point no technologies exist that can remove N2O from the atmosphere."

The study draws on millions of N2O measurements taken during the past four decades, as well as on a combination of detailed models of the global nitrogen cycle in land-based systems, oceans and freshwater systems, and the atmosphere.

Prof Parv Suntharalingam, of UEA's School of Environmental Sciences, is the lead UK author and led on the ocean model component of the report. She said: "The significant growth in N2O emissions in recent years has resulted in observed atmospheric concentrations exceeding the most pessimistic scenarios used in recent IPCC assessments.

"N2O emissions from natural sources, such as the oceans and soils, have remained relatively stable over recent decades. This report highlights that human activities are the most important factor in the observed atmospheric increase, emphasizing the need for effective emissions reduction strategies."

The concentration of atmospheric N2O reached 336 parts per billion in 2022, a 25 per cent increase over pre-industrial levels that far outpaces predictions previously developed by the Intergovernmental Panel on Climate Change, said Prof Tian.

He added: "This emission increase is taking place when the global greenhouse gases should be rapidly declining towards net zero emissions if we have any chances to avoid the worst effects of climate change."

Some countries have seen success implementing policies and practices to reduce N2O emissions, according to the report. Emissions in China have slowed since the mid-2010s, as have emissions in Europe during the past few decades. In the US, agricultural emissions continue to creep up while industrial emissions have declined slightly, leaving overall emissions rather flat.




Established in 2001, The Global Carbon Project analyzes the impact of human activity on greenhouse gas emissions and Earth systems, producing global budgets for the three dominant greenhouse gases (carbon dioxide, methane, and N2O). These assessments of greenhouse gas emissions and sinks inform further research, policy, and international action.

"While there have been some successful nitrogen reduction initiatives in different regions, we found an acceleration in the rate of N2O accumulation in the atmosphere in this decade," said Global Carbon Project Executive Director Josep Canadell, who is also a research scientist at CSIRO, Australia's national science agency.

"The growth rates of atmospheric N2O in 2020 and 2021 were higher than any previous observed year and more than 30 per cent higher than the average rate of increase in the previous decade."

The researchers say there is a need for more frequent assessments so mitigation efforts can be targeted to high-emission regions and economic activities. An improved inventory of sources and sinks will also be required if progress is going to be made toward the objectives of the Paris Agreement.
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Millions of insects migrate through 30-meter Pyrenees pass | ScienceDaily
Over 17 million insects migrate each year through a single mountain pass on the border between France and Spain, new research shows.


						
University of Exeter scientists studied migrating insects in the Pass of Bujaruelo, a 30-metre gap between two high peaks in the Pyrenees.

The team visited the pass each autumn for four years, monitoring the vast number and variety of day-flying insects heading south.

The findings for this single pass suggest that billions of insects cross the Pyrenees each year, making it a key location for many migrating species.

The migrating insects begin these journeys further north in Europe, including the UK.

"More than 70 years ago, two ornithologists -- Elizabeth and David Lack -- chanced upon an incredible spectacle of insect migration at the Pass of Bujaruelo," said Will Hawkes, from the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.

"They witnessed remarkable numbers of marmalade hoverflies migrating through the mountains, the first recorded instance of fly migration in Europe.




"In 2018, we went to the same pass to see if this migration still occurred, and to record the numbers, species, weather conditions and ecological roles and impacts of the migrants."

The researchers used a video camera to count the small insects, visual counts to quantify the butterflies, and a flight intercept trap to identify the species migrating.

"What we found was truly remarkable," Hawkes continued.

"Not only were vast numbers of marmalade hoverflies still migrating through the pass, but far more besides.

"These insects would have begun their journeys further north in Europe and continued south into Spain and perhaps beyond for the winter.

"There were some days when the number of flies was well over 3,000 individuals per metre, per minute."

Team leader Dr Karl Wotton said: "To see so many insects all moving purposefully in the same direction at the same time is truly one of the great wonders of nature."




Insect numbers peaked when conditions were warm, sunny and dry, with low windspeed and a headwind to keep the insects low over the pass so they could be counted.

Dr Wotton continued: "The combination of high-altitude mountains and wind patterns render what is normally an invisible high-altitude migration into a this incredibly rare spectacle observable at ground level."

A range of insects were seen, but flies made up 90% of the total.

Butterflies and dragonflies are well-known migratory insects, but these made up less than 2% of the total.

Many of the migrants were well known garden inhabitants such as the cabbage white butterfly (Pieris rapae), the house fly (Musca autumnalis), and even miniscule grass flies (Chloropidae), barely 3mm long.

Hawkes added: "It was magical. I would sweep my net through seemingly empty air and it would be full of the tiniest of flies, all journeying on this unbelievably huge migration."

These migratory insects, especially the flies, are hugely important for our planet.

Nearly 90% of the insects were pollinators and, by migrating, move genetic material great distances between plant populations, improving plant health.

Some of the insects were pest species but many were pest controllers, including the marmalade and pied hoverflies that eat aphids during their larval stage.

Many play a role in decomposition, and all transport nutrients such as phosphorus and nitrogen large distances, which could be important for soil health and plant growth.

Due to the climate crisis and habitat loss, these vital insect migrants are thought to be declining.

Hawkes concluded: "By spreading the knowledge of these remarkable migrants, we can spread interest and determination to protect their habitats.

"Insects are resilient and can bounce back quickly. Together, we can protect these most remarkable migrants of all."
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From seashells to cement, nature inspires tougher building material | ScienceDaily
Inspired by the material that makes up oyster and abalone shells, engineers at Princeton have created a new cement composite that is 17 times more crack-resistant than standard cement and 19 times more able to stretch and deform without breaking. The findings could eventually help increase the crack resistance of a wide range of brittle ceramic materials, from concrete to porcelain.


						
"If we can engineer concrete to resist crack propagation, we can make it tougher, safer and more durable," said researcher Shashank Gupta, a graduate student in Reza Moini's lab in the Department of Civil and Environmental Engineering.

In an article published June 10 in the journal Advanced Functional Materials, the research team led by Moini, an assistant professor of civil and environmental engineering, reported that creating alternating layers of tabulated cement paste and thin polymer can significantly increase crack resistance and the ability to deform without completely breaking (ductility).

Moini's lab often looks to biology for inspiration in its work on building materials. In this case, the team developed a composite inspired by a natural material called nacre, or mother of pearl, which is found inside certain shells. Gupta said that at the microscopic level, nacre consists of hexagonal tablets of the hard mineral aragonite glued together by a soft biopolymer.

The aragonite tablets contribute significantly to nacre's strength, while the biopolymer adds flexibility and crack resistance. The toughening mechanism involves the aragonite tablets sliding under stress, which, along with other mechanisms, allows the nacre to dissipate energy. This sliding action, combined with the crack deflection and biopolymer deformation, enables nacre to endure substantial mechanical stress while maintaining its structural integrity, making it both strong and resilient.

"This synergy between the hard and soft components is crucial to nacre's remarkable mechanical properties," Gupta said.

The Princeton team has developed innovative composites inspired by nacre, utilizing conventional construction materials like Portland cement paste combined with a limited amount of polymer. They alternated layers of cement paste sheets with a highly stretchable polymer, polyvinyl siloxane. The researchers created multi-layered small beams by alternating cement paste sheets with thin layers of polymer. These beams were then subjected to a notched three-point bending test, where each beam was tested under flexure to evaluate crack resistance (or fracture toughness).




In the experiment, the researchers produced three types of beams. The first type consisted of alternating layers of cement paste sheets and thin polymer. For the second type, they used a laser to engrave hexagonal grooves into the cement paste sheets. These grooved sheets were then stacked with thin polymer layers in between. The third type was similar to the third, but the researchers cut through the cement completely, creating separated hexagonal tablets connected by the polymer layer. These cement-paste tablets lay atop the polymer layer similarly to how aragonite lies on the biopolymer layer in nacre. These three types were compared against a reference solid (monolithic) cast cement paste counterpart.

The experiments revealed that the failure of the reference beams was brittle -- meaning that the beams broke suddenly and completely upon reaching their failure point, with no ductility. The beams with alternating layers, both grooved and non-grooved, demonstrated increased ductility and resistance to cracking.

The most significant results were observed in the beams with completely separated hexagonal tablets, which are similar to nacre. These beams exhibited 19 times the ductility and 17 times the fracture toughness while retaining nearly the same strength as the solid cement paste beam.

"Our bio-inspired approach is not to simply mimic nature's microstructure but to learn from the underlying principles and use that to inform the engineering of human-made materials. One of the key mechanisms that makes a nacreous shell tough is the sliding of the tablet at the nanometer level. Here, we focus on the mechanism of tablet sliding by engineering the built-in tabulated structure of cement paste in balance with the properties of the polymer and the interface between them." Moini said. "In other words, we intentionally engineer defects in the brittle materials as a way to make them stronger by design."

The researchers noted that the findings are based on lab conditions and that it would take additional work and research to develop the techniques for use in the field. They are working to determine whether the structures' fracture toughness and ductility apply to other ceramic materials beyond cement paste, such as concrete.

"We are only scratching the surface; there will be numerous design possibilities to explore and engineer the constitutive hard and soft material properties, the interfaces, and the geometric aspects that play into the fundamental size effects in construction materials," Moini said.
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Scientists engineer yellow-seeded camelina with high oil output | ScienceDaily
Efforts to achieve net-zero carbon emissions from transportation fuels are increasing demand for oil produced by nonfood crops. These plants use sunlight to power the conversion of atmospheric carbon dioxide into oil, which accumulates in seeds. Crop breeders interested in selecting plants that produce a lot of oil look for yellow seeds. In oilseed crops like canola, yellow-seeded varieties generally produce more oil than their brown-seeded counterparts. The reason: The protein responsible for brown seed color -- which yellow-seeded plants lack -- also plays a key role in oil production.


						
Now, plant biochemists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory -- who are interested in increasing plant oil synthesis for the sustainable production of biofuels and other bioproducts -- have harnessed this knowledge to create a new high-yielding oilseed crop variety. In a paper just published in The Plant Biotechnology Journal, they describe how they used tools of modern genetics to produce a yellow-seeded variety of Camelina sativa, a close relative of canola, that accumulates 21.4% more oil than ordinary camelina.

"If breeders can get a few percent increase in oil production, they regard it as significant, because even small increases in yield can lead to large increases in oil production when you're planting millions of acres," said Brookhaven Lab biochemist John Shanklin, chair of the Lab's Biology Department and leader of its plant oil research program. "Our nearly 22% increase was unexpected and could potentially result in a dramatic increase in production," he said.

Straightforward idea, unusual plant

The idea behind developing this high-yielding strain of camelina was straightforward: mimic what happens in the naturally occurring high-yielding, yellow-seeded varieties of canola.

"Breeders had identified plants with more oil, some of which happened to have yellow seeds, and they didn't really worry about the mechanism," Shanklin said. But once scientists discovered the gene responsible for both the yellow seed color and increased oil content, they had a way to potentially increase oil yield in other species.

The gene has the instructions for making a protein known as Transparent Testa 8 (TT8), which controls the production of compounds that give seeds their brown color, among other things. Importantly, TT8 also inhibits some of the genes involved in oil synthesis.




Xiao-Hong Yu, who led this project, hypothesized that getting rid of TT8 in camelina should release the inhibition on oil synthesis -- and free up some carbon that can be channeled into oil production.

Getting rid of a single gene in camelina is very challenging because this plant is unusual among living things. Instead of having two sets of chromosomes -- meaning two copies of each gene -- it has six sets.

"This 'hexaploid' genome explains why there aren't any naturally occurring yellow-seeded varieties of camelina," Yu explained. "It would be highly unlikely for mutations to arise simultaneously in all six copies of TT8 to completely disrupt its function."

Gene-editing strikes oil

Thanks to the tools of modern genetics, the Brookhaven team had a way to knock out all six copies of TT8. They used gene-editing technology known as CRISPR/Cas9 to target the specific sequences of DNA within the TT8 genes. They used the technology to cleave the DNA at these locations and then create mutations that deactivated the genes. Yu and the team then performed a series of biochemical and genetic analyses to monitor the effects of their targeted gene editing.

"The yellow seed phenotype we were looking for was a great visual guide for our search," Yu said. "This helped us find the seeds we were looking for by screening less than 100 plants -- among which we identified three independently occurring lines in which all six genes were disrupted."

The results: The seed coat color changed from brown to yellow only in plants in which all six copies of the TT8 gene were disrupted. The yellow seeds had lower levels of "flavonoid" compounds and "mucilage" -- both normally produced by biochemical pathways controlled by TT8 -- than brown seeds from strains of camelina with unedited genomes.




In addition, many genes involved in oil synthesis and the production of fatty acids, the building blocks of oil, were expressed at increased levels in seeds from the CRISPR/Cas9-edited plants. This resulted in the dramatic increase in oil accumulation. The altered seeds contained another positive surprise in that the levels of proteins and starch were unaltered.

The targeted mutations to TT8 were inherited in subsequent generations of the camelina plants, suggesting the improvements would be stable and long-lasting.

"Our results demonstrate the potential for creating new lines of camelina by gene editing, in this case by manipulating TT8 to enhance oil biosynthesis. Understanding further details of how TT8 and other factors control biochemical pathways may provide additional gene targets for increasing oil yields," Shanklin said.
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Specialist and migratory birds at greater risk under climate change | ScienceDaily
Following decades of decline, even fewer birds will darken North American skies by the end of the century, according to a new analysis by scientists at the University of Illinois Urbana-Champaign. Their study is the first to examine the long-term effects of climate change on the abundance and diversity of bird groups across the continent as a whole while accounting for additional factors that put birds at risk, such as pesticides, pollution, land use change, and habitat loss.


						
"Many studies try to attribute causes like climate or land use change to bird population decline based on field-level observation. However, there has been no large-scale statistical analysis that puts together historical data on biodiversity and climate for North America," said study co-author Luoye Chen, an assistant professor at the Hong Kong University of Science and Technology (Guangzhou). Chen completed the research during his doctoral program in the Department of Agricultural and Consumer Economics (ACE), part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

The study relies on data from the North American Breeding Bird Survey, which gathers detailed field observations of more than 400 bird species across the continent each spring. Analyzing bird population trends between 1980 and 2015 together with climate data from the same timeframe, the researchers show a modest but significant dip in the number and diversity of birds overall and a larger drop for specialist and migratory groups. The analysis also projects scenarios for the years 2095 to 2099, with still greater declines.

"Even after controlling for a lot of other things, we see that climate change has a significant negative impact on birds," said study co-author Madhu Khanna, professor in the Department of ACE and director of the Institute for Sustainability, Energy, and Environment at Illinois. "This is just one more reason we need to make serious efforts to mitigate climate change as soon as possible."

Chen says common birds like sparrows that occupy a wide variety of habitats throughout North America are less affected by climate change. According to the analysis, these generalist species declined about 2.5% during the 1980-2015 period, with projected declines between 1 and 3% by century's end.

Specialist species like the threatened spotted owl and the endangered red-cockaded woodpecker have more specific habitat and diet requirements, putting them at greater risk in a changing environment. Chen says climate was responsible for about 5% of their decline between 1980 and 2015, with losses up to 16% projected by 2099.

The subset of specialist species that are also migratory, like the whooping crane, mirror trends for specialists as a whole. The researchers say although migrants might have the ability to move to more favorable locales, birds don't have the advantage of weather apps to check conditions in their destination before taking off.




"These birds have generations-long patterns of migration. They're going to migrate no matter what, and they don't know what's waiting at the other end. It may be too hot or dry for them," Khanna said. "But climate doesn't just affect birds' health directly in terms of temperature. It could cause changes in their food supply along their migration route."

The researchers also tested the hypothesis that birds could adapt to a warming climate by separately analyzing smaller chunks of time. If birds declined at a greater rate early in the warming period and slowed down later, that would indicate adaptation to higher temperatures over time.

"Previous small-scale field studies showed potential adaptive behaviors in birds responding to climate change," Chen said. "Unfortunately, we didn't find evidence to support adaptation over time. In the long term, we still found significant reductions."

Although losses in the 2 to 16% range may not sound as alarming as some predictions, the researchers emphasize that their analysis represents the average loss across an entire continent. Some bird species and groups may be much more significantly affected, especially in specific regions. Also, any further reduction in bird abundance or diversity may be too much, as they play important roles in the ecosystem, from pollination to insect control and beyond.

"Many of the specialist birds really are quite special. Some are endangered species, and others are endemic to very small areas," Chen said. "We can't afford to lose any of them, given their crucial roles in ecosystems."
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Haiku may shine a light on humans' relationship with insects | ScienceDaily
Haiku poems have reflected humans' experiences in nature for hundreds of years, including observations of bugs and other wildlife. Recently, Penn State researchers analyzed which insects were mentioned the most in haiku -- with butterflies, fireflies and singing insects such as crickets topping the list.


						
Haiku are three-line poems with five syllables in the first and third lines, and seven syllables in the second line.

In their study of nearly 4,000 haiku, recently published in the journal PLOS ONE, the researchers also found that aquatic arthropods -- such as caddisflies, stoneflies and fishflies -- were mentioned the least.

Corresponding author Andrew Deans, professor of entomology in the College of Agricultural Sciences and director of the college's Frost Entomological Museum, said the findings shine a light on the insects that inspire emotion and awe in humans the most -- and the insects that don't get as much attention as they should.

"I think what we uncovered here are some opportunities for better outreach about the importance and relevance of insects, and in particular, focusing on those groups that provide a big influence on the world around us," Deans said. "For example, aquatic arthropods were almost never mentioned, so perhaps there's an opportunity for more education about them."

Deans said he was inspired to conduct the study by recent reports about insect decline worldwide. As scientists have discussed the potential impacts of this decline -- such as reductions in plant pollination and gaps in the food chain -- Deans said he was also curious about whether the declines would be reflected in art.

"We thought that maybe over time, there would be a change in tone or emotion in relation to insects that would be represented in these poems," Deans said. "Haiku are short, each representing a moment in nature, and we thought they could be a proxy for understanding how humans see and interact with insects, and which behaviors and aspects of insect biology that people tend to notice.




Co-author Laura Porturas, assistant curator at the Frost Entomological Museum, said they also were hoping to gain insights that would help them better communicate with the public.

"Sometimes it's difficult to talk with people about insects because their initial reaction is 'ew, creepy,'" Porturas said. "We were interested in learning which insects and what aspects of their biology have good emotions associated with them, because that would make it easier to talk to people about why insects are important and all the beneficial things they do in our ecosystem."

For the study, the researchers assembled a data set of 3,894 haiku written around the world by 1,248 individual poets between 1549 and 2022. About one third of the poems were sourced from the Hexapod Haiku Challenge, an annual poetry contest sponsored by the Frost Museum and specifically focused on insect-related haiku. The 2024 contest is accepting entries until June 15.

The researchers then used linguistic software to analyze the poems for the types of insects that were mentioned, different traits such as types of movement or sounds, and tone and emotion, among other factors.

In total, the researchers found that at least 99 families of arthropods, in 28 orders, were represented in the poems. The eight orders that were most commonly referenced were Lepidoptera, which includes butterflies and moths; Hymenoptera, which includes wasps, bees and ants; Diptera, which includes mosquitos and hoverflies; Coleoptera, which includes beetles; Araneae, which includes spiders; Orthoptera, which includes grasshoppers and crickets; Hemiptera, which includes cicadas; and Odonata, which includes dragonflies.

"Many of these insects, like butterflies, were found in haiku going back to the 1500s, so they were commonly referenced throughout time," Deans said. "Whereas spiders were also common, but we didn't see them written about until the 1950s. So, some were mentioned consistently throughout time, and others only recently. Bees, wasps and related insects also seem to be seen much more recently."

The researchers also tracked which traits were referenced, with the most common being those related to ecology, like habitat and the time of day; behavior, especially sound production; physical traits, especially color; and movement, especially flight.




Porturas said they used the findings to enhance this year's Hexapod Haiku Challenge. Participants are allowed to submit an additional haiku if they participated in the special aquatic arthropods challenge, or already submitted a haiku that specifically mentions aquatic arthropods.

"We encouraged people to go out and observe stream and pond insects and write a haiku about their experience," she said. "Hopefully, we'll get more people engaged in learning about these important insects and spending time in those habitats."

Deans said that in the future, he and Porturas plan to conduct additional studies, such as those with larger bodies of text that may allow for broader, stronger conclusions about how different arthropods are perceived by the public.
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Soil bacteria respire more CO2 after sugar-free meals | ScienceDaily
When soil microbes eat plant matter, the digested food follows one of two pathways. Either the microbe uses the food to build its own body, or it respires its meal as carbon dioxide (CO2) into the atmosphere.


						
Now, a Northwestern University-led research team has, for the first time, tracked the pathways of a mixture of plant waste as it moves through bacteria's metabolism to contribute to atmospheric CO2. The researchers discovered that microbes respire three times as much CO2 from lignin carbons (non-sugar aromatic units) compared to cellulose carbons (glucose sugar units), which both add structure and support to plants' cellular walls.

These findings help disentangle the role of microbes in soil carbon cycling -- information that could help improve predictions of how carbon in soil will affect climate change.

The research will be published on Tuesday (June 11) in the journal Environmental Science & Technology.

"The carbon pool that's stored in soil is about 10 times the amount that's in the atmosphere," said Northwestern University's Ludmilla Aristilde, who led the study. "What happens to this reservoir will have an enormous impact on the planet. Because microbes can unlock this carbon and turn it into atmospheric CO2, there is a huge interest in understanding how they metabolize plant waste. As temperatures rise, more organic matter of different types will become available in soil. That will affect the amount of CO2 that is emitted from microbial activities."

An expert in the dynamics of organics in environmental processes, Aristilde is an associate professor of civil and environmental engineering at Northwestern's McCormick School of Engineering and is a member of the Center for Synthetic Biology and of the Paula M. Trienens Institute for Sustainability and Energy. Caroll Mendonca, a former Ph.D. candidate in Aristilde's laboratory, is the paper's first author. The study includes collaborators from the University of Chicago.

'Not all pathways are created equally'

The new study builds upon ongoing work in Aristilde's laboratory to understand how soil stores -- or releases -- carbon. Although previous researchers typically tracked how broken-down compounds from plant matter move individually through bacteria, Aristilde's team instead used a mixture of these compounds to represent what bacteria are exposed to in the natural environment. Then, to track how different plant derivatives moved through a bacterium's metabolism, the researchers tagged individual carbon atoms with isotope labels.




"Isotope labeling allowed us to track carbon atoms specific to each compound type inside the cell," Aristilde said. "By tracking the carbon routes, we were able to capture their paths in the metabolism. That is important because not all pathways are created equally in terms of producing carbon dioxide."

Sugar carbons in cellulose, for example, traveled through glycolytic and pentose-phosphate pathways. These pathways lead to metabolic reactions that convert digested matter into carbons to make DNA and proteins, which build the microbe's own biomass. But aromatic, non-sugar carbons from lignin traveled a different route -- through the tricarboxylic acid cycle.

"The tricarboxylic acid cycle exists in all forms of life," Aristilde said. "It exists in plants, microbes, animals and humans. While this cycle also produces precursors for proteins, it contains several reactions that produce CO2. Most of the CO2 that gets respired from metabolism comes from this pathway."

Expanding the findings

After tracking the routes of metabolism, Aristilde and her team performed quantitative analysis to determine the amount of CO2 produced from different types of plant matter. After consuming a mixture of plant matter, microbes respired three times as much CO2 from carbons derived from lignin compared to carbons derived from cellulose.

"Even though microbes consume these carbons at the same time, the amount of CO2 generated from each carbon type is disproportionate," Aristilde said. "That's because the carbon is processed via two different metabolic pathways."

In the initial experiments, Aristilde and her team used Pseudomonas putida, a common soil bacterium with a versatile metabolism. Curious to see if their findings applied to other bacteria, the researchers studied data from previous experiments in scientific literature. They found the same relationship they discovered among plant matter, metabolism and CO2 manifested in other soil bacteria.

"We propose a new metabolism-guided perspective for thinking about how different carbon structures accessible to soil microbes are processed," Aristilde said. "That will be key in helping us predict what will happen with the soil carbon cycle with a changing climate."
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Virus-like nanoparticles control the multicellular organization and reproduction of host bacteria | ScienceDaily
Researchers from University of Tsukuba have discovered that virus-like nanoparticles can promote the multicellular organization and reproduction of host bacteria. These particles, which are evolutionarily related to phages (viruses that infect bacteria), contain an enzyme that helps shape the multicellular architecture and ultimately enhances morphological differentiation.


						
Viruses are ubiquitous in the environment, and organisms have developed various mechanisms to counter their threat. However, the genome of actinomycetes contains a highly conserved gene set encoding virus-like nanoparticles, although its biological significance has remained unclear.

In this study, researchers examined Streptomyces davawensis, an actinomycete species, and discovered that it produces virus-like particles that facilitate host reproduction. Extracellular DNA, which serves as a scaffold for multicellular organization, was significantly reduced in the colonies of mutant S. davawensis strains lacking virus-like particle production and cells trapped in abnormal aggregates. Detailed analysis revealed that the virus-like particles contain a unique enzyme (effector) crucial to their function, which partially degrades genomic DNA. The effector is released from the particle and localizes at the host cell membrane. The proposed model suggests that the effector partially degrades genomic DNA, bridging the intracellular and extracellular environments, thereby facilitating extracellular DNA release and providing a scaffold and nutrients for host cell reproduction. These findings reveal the exploitation mechanism of virus-related nanoparticles for bacterial proliferation and offer a novel strategy to reprogram virus-related nanoparticle functionality through modulation of effector activity for various applications in biotechnology.

This work was supported by a Grant-in-Aid for Scientific Research from the Japanese Society for the Promotion of Science (19K15726, 23K13863 and 23K26811), the Japan Science and Technology Agency (JPMJMI21G8 and JPMJGX23B2) and the Suntory Rising Stars Encouragement Program in Life Sciences (SunRiSE).
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Algae offer real potential as a renewable electricity source | ScienceDaily
The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of Concordia researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.


						
Researchers at the Optical-Bio Microsystems Lab recently published a new paper on this topic in the journal Energies. In it, they describe their method of extracting energy from the photosynthesis process of algae suspended in a specialized solution and housed in small power cells. Configured correctly, these cells can generate enough energy to power low- and ultra-low power devices such as Internet of Things (IoT) sensors.

"The idea of the micro photosynthetic power cell is to extract electrons produced through the process of photosynthesis," says Kirankumar Kuruvinashetti, PhD 20, now a Mitacs postdoctoral associate at the University of Calgary.

"Photosynthesis produces oxygen and electrons. Our model traps the electrons, which allows us to generate electricity. So more than being a zero-emission technology, it's a negative carbon emission technology: it absorbs carbon dioxide from the atmosphere and gives you a current. Its only byproduct is water."

Power generated day and night

The micro photosynthetic power cell consists of an anode and a cathode chamber separated by a honeycomb-shaped proton exchange membrane. The researchers fabricated microelectrodes on both sides of the membrane to collect the charges released by the algae during photosynthesis. Each chamber measures only two centimetres by two centimetres by four millimetres.

The algae are suspended in a two-millilitre solution in the anode chamber while the cathode is filled with potassium ferricyanide, a type of electron acceptor. Once the algae undergo photosynthesis and begin to release electrons, the electrons will be collected through the membrane's electrodes and conducted, creating a current.




The protons, meanwhile, will pass through the membrane into the cathode and cause oxidation, resulting in a potassium ferrocyanide reduction.

The process also works without direct sunlight, though at a lower intensity, explains PhD candidate and paper co-author Dhilippan Panneerselvam.

"Just like humans, algae are constantly breathing -- but they intake carbon dioxide and release oxygen. Due to their photosynthesis machinery, they also release electrons during respiration. The electricity generation is not stopped. The electrons are continuously harvested."

Muthukumaran Packirisamy, professor in the Department of Mechanical, Industrial and Aerospace Engineering and the paper's corresponding author, admits the system is not yet able to compete in power generation with others like photovoltaic cells. The maximum possible terminal voltage of a single micro photosynthetic power cell is only 1.0V.

But he believes that, with enough research and development, including artificial intelligence-assisted integration technologies, this technology has the potential to be a viable, affordable and clean power source in the future.

It also offers significant manufacturing advantages over other systems, he says.

"Our system does not use any of the hazardous gases or microfibres needed for the silicon fabrication technology that photovoltaic cells rely on. Furthermore, disposing of silicon computer chips is not easy. We use biocompatible polymers, so the whole system is easily decomposable and very cheap to manufacture."
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Researchers create realistic virtual rodent | ScienceDaily
The agility with which humans and animals move is an evolutionary marvel that no robot has yet been able to closely emulate. To help probe the mystery of how brains control movement, Harvard neuroscientists have created a virtual rat with an artificial brain that can move around just like a real rodent.


						
Bence Olveczky, professor in the Department of Organismic and Evolutionary Biology, led a group of researchers who collaborated with scientists at Google's DeepMind AI lab to build a biomechanically realistic digital model of a rat. Using high-resolution data recorded from real rats, they trained an artificial neural network -- the virtual rat's "brain" -- to control the virtual body in a physics simulator called MuJoco, where gravity and other forces are present.

Publishing in Nature, the researchers found that activations in the virtual control network accurately predicted neural activity measured from the brains of real rats producing the same behaviors, said Olveczky, who is an expert at training (real) rats to learn complex behaviors in order to study their neural circuitry. The feat represents a new approach to studying how the brain controls movement, Olveczky said, by leveraging advances in deep reinforcement learning and AI, as well as 3D movement-tracking in freely behaving animals.

The collaboration was "fantastic," Olveczky said. "DeepMind had developed a pipeline to train biomechanical agents to move around complex environments. We simply didn't have the resources to run simulations like those, to train these networks."

Working with the Harvard researchers was, likewise, "a really exciting opportunity for us," said co-author and Google DeepMind Senior Director of Research Matthew Botvinick. "We've learned a huge amount from the challenge of building embodied agents: AI systems that not only have to think intelligently, but also have to translate that thinking into physical action in a complex environment. It seemed plausible that taking this same approach in a neuroscience context might be useful for providing insights in both behavior and brain function."

Graduate student Diego Aldarondo worked closely with DeepMind researchers to train the artificial neural network to implement what are called inverse dynamics models, which scientists believe our brains use to guide movement. When we reach for a cup of coffee, for example, our brain quickly calculates the trajectory our arm should follow and translates this into motor commands. Similarly, based on data from actual rats, the network was fed a reference trajectory of the desired movement and learned to produce the forces to generate it. This allowed the virtual rat to imitate a diverse range of behaviors, even ones it hadn't been explicitly trained on.

These simulations may launch an untapped area of virtual neuroscience in which AI-simulated animals, trained to behave like real ones, provide convenient and fully transparent models for studying neural circuits, and even how such circuits are compromised in disease. While Olveczky's lab is interested in fundamental questions about how the brain works, the platform could be used, as one example, to engineer better robotic control systems.

A next step might be to give the virtual animal autonomy to solve tasks akin to those encountered by real rats. "From our experiments, we have a lot of ideas about how such tasks are solved, and how the learning algorithms that underlie the acquisition of skilled behaviors are implemented," Olveczky continued. "We want to start using the virtual rats to test these ideas and help advance our understanding of how real brains generate complex behavior."
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Shedding light on the origin of a genetic variant underlying fungal infections | ScienceDaily
Fungal infections pose life-threatening risks, especially when vital organs or the central nervous system are affected. Individuals harboring variants in the CARD9 gene are particularly susceptible to invasive fungal infections, given that the protein coded by this gene serves as a critical regulator of the immune system. A recent discovery by Tokyo Medical and Dental University (TMDU) researchers suggests that a specific variant of CARD9 prevalent across northern China, Korea, and Japan may have originated from a common ancestor.


						
In their study published on 17 May 2024 in the Journal of Clinical Immunology, the researchers from TMDU conducted genetic analyses on Japanese and Korean patients who suffered from severe or recurring fungal infections. Their goal was to shed light on the genetic and clinical traits of individuals affected by CARD9 deficiency in East Asia.

The study included a total of five patients who were deficient for CARD9. Among them, two Japanese patients were newly identified as carriers of biallelic variants of CARD9 via DNA sequencing conducted by the research team, prompted by their medical history of fungal infections. Notably, both of these patients, along with three other patients who had previously been investigated, two Korean and one Japanese, were identified as carriers of a CARD9 variant called c.820dup.

"The global distribution of CARD9 deficiency is biased, with high incidence in North Africa, the Middle East, and China. Notably, the distribution of CARD9 variants is also biased, with the c.820dup variant being relatively common in China," explains Prof. Hirokazu Kanegane, the lead researcher of the study.

The fact that all five patients shared the same variant caught the researchers' attention. They hypothesized that this scenario could be explained by the "founder effect," where a variant becomes common in a population that originated from a small group of ancestors. To verify their hypothesis, the researchers performed haplotype analyses. Put simply, they examined groups of genes that are inherited together from a parent (haplotypes) to determine whether these genes were identical among the five patients and matched previously sequenced haplotypes from Chinese CARD9-deficient patients.

Interestingly, they found strong evidence suggesting that all haplotypes containing the c.820dup variant were exactly the same. With further statistical genetic analyses, the researchers estimated the age of the c.820dup variant itself, which turned out to be between 2,000 and 4,000 years. Remarkably, the estimated variant's age and its distribution in Japan, Korea, and China are perfectly in line with the history of the East Asia region. "Modern Japanese and Koreans are believed to have a genetic background originating from northern China. During the late Neolithic to the Bronze Age, the migration of people from northern China to Korea and Japan spread rice and language. The origins of the variant identified in this study are consistent with this historical period," remarks Prof. Kanegane. "We thus conclude that this variant originates from a common ancestor, estimated to have lived less than 4,000 years ago."

Additionally, although the variant observed was the same, the clinical presentation of patients from Japan and Korea differed from that of Chinese patients according to medical records. More specifically, Chinese patients often suffered from black mold infections caused by the genus Phialophora, whereas none of the five patients from Japan and Korea exhibited such infections. The researchers ascribed this discrepancy to environmental factors, possibly related to the more rural lifestyle in northern China.

Together, the findings of this interdisciplinary study make important contributions to our knowledge of anthropology, genetics, and medicine, and shed light on how genetic variants can propagate across different regions and through generations.
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Shaping nanoparticles with enzymes | ScienceDaily
The selective bond-breaking powers of enzymes bring new versatility for building nanoparticles with a wide range of technical and medical potential.


						
Researchers at Hokkaido University have developed a new and more adaptable method for creating nanoparticles of finely controlled size. Their 'bio-catalytic nanoparticle shaping' (BNS) procedure, published in the journal Nanoscale Horizons, should greatly assist the production of a variety of nanoparticles for use in technology and medicine.

"One of the most promising applications is for creating assemblies of nanoparticles called quantum dots, which are small enough for their properties to be influenced by subtle quantum mechanical effects," says Associate Professor Yuta Takano, the leader of the Hokkaido team. Takano and colleagues collaborated on the work with researchers at the University of Melbourne in Australia.

The method uses enzymes to cut specific chemical bonds in molecular assemblies that have been made by linking together small organic (carbon-based) molecules, inorganic materials, or mixed organic and inorganic components. A variety of natural and readily-obtained enzymes can cut the linker sections of the original larger structures into nanoparticles of various desired sizes and shapes.

Varying the linkers and the core components held together by the linkers allows a range of different nanoparticles to be created, each with differing chemical and physical properties and differing sizes.

The researchers made several types of nanoparticles to demonstrate the potential of their technique. One example formed quantum dots whose optical and electronic properties could be useful in technological applications including molecular computation, high density data storage devices, photocatalysis and solar cells.

They also explored nanoparticles with chemical effects that could potentially be used to kill cancer cells or specific disease-causing bacteria. Another feasible medical application is to attach drugs to the nanoparticles, allowing them to achieve targeted drug delivery directly to the specific sites of disease.

"The potential of the bio-catalytic nanoparticle approach is enormous," concludes Takano, "drawing on the chemical variability and power of naturally available enzymes opens a whole new area of opportunity in nanoparticle design and production."

Takano has filed a patent application as the inventor of the new technique.

The researchers will now continue their exploration of this exciting new frontier, expanding the possibilities themselves while hopefully also encouraging other teams to pick up on the concept and develop their own ideas. They hope to eventually see bio-catalytic approaches commercialized and being exploited in many areas of research, technology and medicine.
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New insights on polymicrobial infections in chronic lung diseases | ScienceDaily
Chronic lung diseases are often accelerated and exacerbated by polymicrobial infections. An international study team led by MedUni Vienna has identified two types of these so-called dysbioses in cystic fibrosis. They display distinct ecology and are also likely to respond differently to treatment. The study was published in the journal Nature Communications.


						
Chronic lung diseases such as COPD, asthma or cystic fibrosis affect many people worldwide. In 2019, 454.6 million cases were registered worldwide. These diseases display a progressive loss of lung function and are associated with a high mortality rate. Polymicrobial infections of the respiratory tract, in which bacterial communities persist in the lungs for long time, constitute a major risk factor and are difficult to treat. These infections are often associated with recurrent, acute worsening of symptoms (exacerbations, "PEx"), which have a negative impact on the course of the disease.

A recent study led by Stefanie Widder from MedUni Vienna in collaboration with colleagues led by John J. LiPuma from the University of Michigan Medical School Ann Arbor has focused on the characterization of disease-associated bacterial communities ("dysbioses") in subjects with cystic fibrosis and investigated their ecological networks. The aim was to develop hypotheses that enable the development of more precise treatment strategies for people with chronic lung diseases.

Two different types of dysbiosis

To this end, sputum samples (mucus expectorated from the lung) were collected from people with cystic fibrosis over an extended period of time, sequenced and then analyzed using computational models by Stefanie Widder (Department of Medicine I, Division of Infection Biology, MedUni Vienna). Two antagonistic types of dysbiosis were discovered, which differ fundamentally in their organization: they either form hierarchical or stochastic networks. The structural differences of the microbiota have far-reaching consequences: Based on the sequencing data, it was shown that important pathogens such as Pseudomonas aeruginosa or Staphylococcus aureus only served as drivers of infection if located on top of the microbial hierarchy. In less structured microbiota, they showed more random dynamics, suggesting that they might be less decisive for the course of the infection.

Computer model predicts different responses to treatments

Moreover, the two types of dysbiosis are likely to respond differently to treatments. A simplified computer model that simulated the effect of antimicrobial drugs on pathogens predicted better efficacy with hierarchically organized microbiota. Both aspects are very relevant for patients and their medical care teams: "Our study reveals a data-based, causal relationship between PEx, microbial ecology and treatment success," explains study leader Stefanie Widder, "the findings form an important basis for further translational research into personalized management of dysbiosis, both in cystic fibrosis and in other obstructive pulmonary diseases."
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Major milestone in cutting harmful gases that deplete ozone layer and worsen global warming | ScienceDaily
A new study has revealed significant progress in the drive to reduce levels in the atmosphere of chemicals that destroy Earth's ozone layer, confirming the success of historic regulations limiting their production.


						
The findings, led by the University of Bristol and published today in Nature Climate Change, show for the first time a notable decline in the atmospheric levels of potent ozone-depleting substances (ODS), called hydrochlorofluorocarbons (HCFCs). These HCFCs are also potent greenhouse gases, so a reduction should also lessen global warming.

The Montreal Protocol was agreed to internationally in 1987 to introduce controls on the production and usage of ODS, which were once widely used in the manufacture of hundreds of products, including refrigerators, aerosol sprays, foams and packaging.

HCFCs were developed as replacements for chlorofluorocarbons (CFCs). While production of CFCs has been banned globally since 2010, HCFC production and usage is still being phased out.

Lead author Dr Luke Western, Marie Curie Research Fellow at the University's School of Chemistry, said: "The results are very encouraging. They underscore the great importance of establishing and sticking to international protocols.

"Without the Montreal Protocol, this success would not have been possible, so it's a resounding endorsement of multilateral commitments to combat stratospheric ozone depletion, with additional benefits in tackling human-induced climate change."

The international study shows the total amount of ozone depleting chlorine contained in all HCFCs peaked in 2021. Because these compounds are also potent greenhouse gases, their contribution to climate change also peaked in that year. This maximum occurred five years before the most recent predictions. Although the drop between 2021 and 2023 was less than 1%, it still shows HCFC emissions are heading in the right direction.




Dr Western said: "Their production is currently being phased out globally, with a completion date slated for 2040. In turn these HCFCs are being replaced by non-ozone depleting hydrofluorocarbons (HFCs) and other compounds. By enforcing strict controls and promoting the adoption of ozone-friendly alternatives, the protocol has successfully curbed the release and levels of HCFCs into the atmosphere."

The results rely on high-precision measurements at globally distributed atmospheric observatories, using data from the Advanced Global Atmospheric Gases Experiment (AGAGE) and the National Atmospheric and Oceanic Administration (NOAA).

"We use highly sensitive measurement techniques and thorough protocols to ensure the reliability of these observations," said co-author Dr Martin Vollmer, an atmospheric scientist at the Swiss Federal Laboratories for Materials Science and Technology (EMPA).

Co-author Dr Isaac Vimont, a research scientist at the NOAA in the United States, added: "This study highlights the critical need to be vigilant and proactive in our environmental monitoring, ensuring other controlled ozone depleting and greenhouse gases follow a similar trend which will help to protect the planet for future generations."
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New discovery reveals unexpected ocean algae help cool Earth | ScienceDaily
A common type of ocean algae plays a significant role in producing a massively abundant compound that helps cool the Earth's climate, new research has discovered.


						
The findings of the study by the University of East Anglia (UEA) and Ocean University of China (OUC) could change our understanding of how these tiny marine organisms impact our planet.

The team identified the bloom-forming Pelagophyceae algae as potentially abundant and important producers of a compound called dimethylsulfoniopropionate, or DMSP.

Co-lead author Professor Jonathan Todd, of UEA's School of Biological Sciences, said: "The Pelagophyceae are amongst the most abundant algae on Earth, yet they were not previously known as important producers of DMSP.

"This discovery is exciting because DMSP is an abundant antistress compound, food source for other microorganisms and major source of climate-cooling gases."

Dr Jinyan Wang, OUC/UEA PhD student and first author, said: "Understanding the role of Pelagophyceae in DMSP production means we need to rethink how much of this compound is being produced and how it impacts our climate."

Every year, billions of tonnes of DMSP are produced in the Earth's oceans by marine microorganisms, helping them to survive by protecting against various stresses like changes in salinity, cold, high pressure, and oxidative stress.




Importantly, DMSP is the main source of a climate active gas called dimethylsulfide (DMS), which is known as the smell of the seaside.

This study suggests that DMSP production, and consequently DMS release, is likely higher than previously predicted and emphasises the key role of microbes in regulating global climate.

DMS also acts as a signalling molecule, guiding marine organisms to their food and deterring predators. When DMS is released into the atmosphere, DMS oxidation products help form clouds which reflect sunlight away from the Earth, effectively cooling the planet.

This natural process is essential for regulating the Earth's climate and is also hugely important for the global sulfur cycle, representing the main route by which sulfur from the oceans is returned to land.

UEA and OUC established the Sino-UK Joint Research Centre to promote cutting-edge research and teaching in marine and ocean science.

UEA's Dr Andrew Curson was a key member of the team that identified the novel enzymes responsible for the synthesis of DMSP in diverse bacteria, photosynthetic cyanobacteria and algae.




Dr Curson said: "The identity of these enzymes allowed our team to identify Pelagophyceae as potentially abundant and important DMSP producers."

Co-lead author Professor Xiao-Hua Zhang, of OUC's College of Marine Life Science, said: "By identifying the enzymes involved in DMSP production, scientists can better understand and predict the behaviour of these ecosystem-disruptive, brown-tide-forming algae and their impact on global climate change.

"This study has also raised questions about other unidentified versions of the enzymes needed to make DMSP, or entirely different pathways for making it that are currently unknown."

The researchers say further study of Pelagophyceae algae in their natural environment is needed, as well as more detailed studies on other marine organisms.

Better measurements of environmental DMSP levels, production and breakdown rates, and the abundance of the enzymes involved in making DMSP are also critical to further advance the field.

The research was a collaboration between UEA and OUC, with contributions from Qingdao Agricultural University, the University of Porto, Shandong University and the Laoshan Laboratory in Qingdao, China.

The work was funded by the UK Biotechnology and Biological Sciences Research Council (BBSRC), the BBSRC Norwich Research Park Doctoral Training Partnership programme, the UK Natural Environment Research Council, the Leverhulme Trust, the National Natural Science Foundation of China, the Marine S&T Fund of Shandong Province for Laoshan Laboratory, the Chinese Scholarship Council, the Fundamental Research Funds for the Central Universities, the European Union's Horizon 2020 research and innovation programme and the Fundaca?o para a Ciencia e a Tecnologia, Portugal.
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First week after birth is critical for development of senses | ScienceDaily
Researchers at UZH have found that the maturation of the senses for smell and touch is closely linked in mice and that this strong interaction takes place within a narrow developmental time window. These findings not only underline the importance of environmental stimuli for brain assembly in early life, but also the interdependent development of the senses.


						
Smell and touch are the earliest sensations perceived by mammals, enabling newborns to nurse and bond with their mother. If one of these two early senses is defective, various neurodevelopmental disorder may develop in humans. "Our senses are crucial for the proper formation and functioning of brain circuits," says Theofanis Karayannis, associate professor of neuroscience and co-director of the Brain Research Institute of the University of Zurich (UZH).

Odors affect the brain of newborns

Previous research has shown the importance of corresponding sensory input for the development of senses -- odors for the sense of smell, sounds for the sense of hearing and so on. So far, however, little is known about how the different senses may influence another sense's maturation.

A research team led by Karayannis has now taken a closer look at the effect of olfactory stimuli on the brains of newborn mice. To do this, the researchers delivered a pleasant odor to the nostrils of the pups and mapped the resulting activity pattern of brain cells using state-of-the-art wide field-of-view imaging of one cortical hemisphere. They observed that the odors triggered neural activity across a large part of the cerebral cortex in the mice, including areas responsible for touch.

Critical time window after birth

Furthermore, the researchers observed this phenomenon within only a very short window of time: during the first week after birth. In older pups as well as in adult mice, the odors affected more restricted areas of the brain. "This clearly shows that olfactory input in the first postnatal week induces a special pattern of electrical activity in the brain. This indicated to us that it may be essential for the formation of brain circuits for non-olfactory sensory processing," explains Karayannis.




Maturation of sense of smell and touch is linked

To test this assumption, the team investigated whether early olfactory stimulation is also crucial for the maturation of the sense of touch. For this, they trained adult mice to distinguish whether fine or coarse sandpaper was touching their whiskers -- a primary way by which mice survey their environment. The researchers found that mice who had not received any olfactory input in the first week of their lives performed significantly worse than those that had been exposed to odors. "A deficiency in olfaction during the critical window of time also affects touch processing in later life," says Karayannis.

The transient functional interaction between the two early senses was also evident in anatomy of the brain: in the first week of life -- that is, the critical window of time -- the researchers detected a string of nerve connections stretching between the brain areas that process smell and touch. This link then disappeared within a couple of weeks.

Early olfactory stimuli are important

"Our study demonstrates that early-life exposure to odor is essential for touch development and maturation," says Karayannis. "This finding perhaps extends to other senses such as hearing or sight, which mature later in life." Although the experiments were done with mice, previous findings suggest that similar processes are at work in the human brain. "Our findings therefore raise attention to assessing the impact of olfactory deficiencies, especially early in life on the maturation of general sensory and cognitive processing." Such deficits can come about by genetic alterations, but are also environmentally induced.

Odor therapy useful in NICUs?

One such example relates to premature babies which are placed in the neonatal intensive care unit (NICU), where they are deprived of a normal sensory environment. This has been shown to potentially leave long-term affective and cognitive marks on individuals. "While hospitals aim to provide optimal tactile, auditory and visual stimuli to these babies, the sense of smell is not as widely used," says Karayannis. "Our results suggest a mechanism by which proper olfactory cues may have a positive effect on supporting the development of various sensory and cognitive skills in babies."
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Case studies show how quasi-governmental organizations could strengthen climate adaptation governance | ScienceDaily
The politicization of climate issues and the unsynchronized efforts of stakeholders are hindering the effectiveness of climate adaptation governance in the U.S. According to a new study published by Princeton researchers, the design characteristics of quasi-governmental organizations (QGOs) could provide insights on how to depoliticize climate information sources and foster multi-level stakeholder coordination.


						
Quasi-governmental organizations are entities that have a combination of public and private characteristics, utilizing both for-profit and not-for-profit modes of operation. Though these organizations already play a role in overcoming non-climatic governance challenges -- e.g. providing apolitical management in municipal utility services, or resolving port development policy conflict between states -- there are few studies that look at how the design of quasi-governmental organizations could be used for climatic purposes.

"The literature on quasi-governmental organizations is sparse -- we know little about how their design characteristics vary and what this implies for their ability to overcome governance challenges," explains lead author Paul Nix, a Ph.D. student at Princeton's School of Public and International Affairs. "Consequently, there is a significant research gap on QGOs that limits our ability to assess the U.S.' projected institutional capacity to address climate adaptation."

To close this gap in the literature, Paul Nix, Adam Goldstein, and Michael Oppenheimer examined six QGO case studies from a variety of fields and with varying organizational structures. Some of the key characteristics they studied for each organization included the structure and operation of their board of directors, board composition (i.e. public vs. private sector members), and the financial resources available to the organization.

"The landscape of institutions in the climate adaptation domain is rich," says Nix. "Scholars have given much attention to emergent and experimental partnerships of different public and private sector actors, as well as to those actors individually. What makes QGOs unusual is that they sit in the space between the public and private sectors by simultaneously embodying characteristics of both."

The results suggest that some quasi-governmental organizations are useful for overcoming politicization or for fostering multi-level stakeholder coordination, but none of the organizations examined in this study proved optimal for both at the same time.

For example, the researchers studied the San Francisco Bay Conservation and Development Commision (SFBCDC) and found that its diverse board of public and private actors would be the ideal circumstance for bringing stakeholders together, but it was likely politicized from past conflicts with local and state politicians. The Regents of the University of California (UC) provides a case with the opposite dynamic. The large size of their board and wide range of financial resources make their decision-making process less amenable to the political influence of a single person or organization. However, the UC Regents is not composed of as wide of a variety of decision-makers and stakeholders as the SFBCDC.

"Our data suggests the socio-political context quasi-governmental organizations emerge from bears a mark on how legislators design these organizations," says Nix. "However, we don't yet fully understand legislators' decision-making process with respect to this design, and therefore it's hard to determine why some of our cases are either better at depoliticizing policy or fostering stakeholder coordination. More research is needed."

Though more data is needed to fully understand how climate policy decisions would be impacted under quasi-governmental designs, co-author Michael Oppenheimer makes it clear that simply improving upon existing institutions is not likely to solve nuanced and complex climate issues.

"The climate problem and its solutions are so pervasive and complex that we need not merely improved responsiveness from existing institutions," says Michael Oppenheimer, director of the Center for Policy Research on Energy and the Environment and Albert G. Milbank Professor of Geosciences and International Affairs and the High Meadows Environmental Institute. "Society must innovate by building new institutions like quasi-governmental organizations that can respond more quickly and effectively as new threats from climate change continually emerge over coming decades."
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Brain's structure hangs in 'a delicate balance' | ScienceDaily
When a magnet is heated up, it reaches a critical point where it loses magnetization. Called "criticality," this point of high complexity is reached when a physical object is transitioning smoothly from one phase into the next.


						
Now, a new Northwestern University study has discovered that the brain's structural features reside in the vicinity of a similar critical point -- either at or close to a structural phase transition. Surprisingly, these results are consistent across brains from humans, mice and fruit flies, which suggests the finding might be universal.

Although the researchers don't know what phases the brain's structure is transitioning between, they say this new information could enable new designs for computational models of the brain's complexity and emergent phenomena.

The research was published today (June 10) in Communications Physics, a journal published by Nature Portfolio.

"The human brain is one of the most complex systems known, and many properties of the details governing its structure are not yet understood," said Northwestern's Istvan Kovacs, the study's senior author. "Several other researchers have studied brain criticality in terms of neuron dynamics. But we are looking at criticality at the structural level in order to ultimately understand how this underpins the complexity of brain dynamics. That has been a missing piece for how we think about the brain's complexity. Unlike in a computer where any software can run on the same hardware, in the brain the dynamics and the hardware are strongly related."

"The structure of the brain at the cellular level appears to be near a phase transition," said Northwestern's Helen Ansell, the paper's first author. "An everyday example of this is when ice melts into water. It's still water molecules, but they are undergoing a transition from solid to liquid. We certainly are not saying that the brain is near melting. In fact, we don't have a way of knowing what two phases the brain could be transitioning between. Because if it were on either side of the critical point, it wouldn't be a brain."

Kovacs is an assistant professor of physics and astronomy at Northwestern's Weinberg College of Arts and Sciences. At the time of the research, Ansell was a postdoctoral researcher in his laboratory; now she is a Tarbutton Fellow at Emory University.




While researchers have long studied brain dynamics using functional magnetic resonance imaging (fMRI) and electroencephalograms (EEG), advances in neuroscience have only recently provided massive datasets for the brain's cellular structure. These data opened possibilities for Kovacs and his team to apply statistical physics techniques to measure the physical structure of neurons.

For the new study, Kovacs and Ansell analyzed publicly available data from 3D brain reconstructions from humans, fruit flies and mice. By examining the brain at nanoscale resolution, the researchers found the samples showcased hallmarks of physical properties associated with criticality.

One such property is the well-known, fractal-like structure of neurons. This nontrivial fractal-dimension is an example of a set of observables, called "critical exponents," that emerge when a system is close to a phase transition.

Brain cells are arranged in a fractal-like statistical pattern at different scales. When zoomed in, the fractal shapes are "self-similar," meaning that smaller parts of the sample resemble the whole sample. The sizes of various neuron segments observed also are diverse, which provides another clue. According to Kovacs, self-similarity, long-range correlations and broad size distributions are all signatures of a critical state, where features are neither too organized nor too random. These observations lead to a set of critical exponents that characterize these structural features.

"These are things we see in all critical systems in physics," Kovacs said. "It seems the brain is in a delicate balance between two phases."

Kovacs and Ansell were amazed to find that all brain samples studied -- from humans, mice and fruit flies -- have consistent critical exponents across organisms, meaning they share the same quantitative features of criticality. The underlying, compatible structures among organisms hint that a universal governing principle might be at play. Their new findings potentially could help explain why brains from different creatures share some of the same fundamental principles.




"Initially, these structures look quite different -- a whole fly brain is roughly the size of a small human neuron," Ansell said. "But then we found emerging properties that are surprisingly similar."

"Among the many characteristics that are very different across organisms, we relied on the suggestions of statistical physics to check which measures are potentially universal, such as critical exponents. Indeed, those are consistent across organisms," Kovacs said. "As an even deeper sign of criticality, the obtained critical exponents are not independent -- from any three, we can calculate the rest, as dictated by statistical physics. This finding opens the way to formulating simple physical models to capture statistical patterns of the brain structure. Such models are useful inputs for dynamical brain models and can be inspirational for artificial neural network architectures."

Next, the researchers plan to apply their techniques to emerging new datasets, including larger sections of the brain and more organisms. They aim to find if the universality will still apply.

The study, "Unveiling universal aspects of the cellular anatomy of the brain," was partially supported through the computational resources at the Quest high-performance computing facility at Northwestern.
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Protein study could help researchers develop new antibiotics | ScienceDaily
A bacterial enzyme called histidine kinase is a promising target for new classes of antibiotics. However, it has been difficult to develop drugs that target this enzyme, because it is a "hydrophobic" protein that loses its structure once removed from its normal location in the cell membrane.


						
Now, an MIT-led team has found a way to make the enzyme water-soluble, which could make it possible to rapidly screen potential drugs that might interfere with its functions.

The researchers created their new version of histidine kinase by replacing four specific hydrophobic amino acids with three hydrophilic ones. Even after this significant shift, they found that the water-soluble version of the enzyme retained its natural functions.

No existing antibiotics target histidine kinase, so drugs that disrupt these functions could represent a new class of antibiotics. Such drug candidates are badly needed to combat the growing problem of antibiotic resistance.

"Each year, more than 1 million people die from antibiotic-resistant infections," says Shuguang Zhang, a principal research scientist in the MIT Media Lab and one of the senior authors of the new study. "This protein is a good target because it's unique to bacteria and humans don't have it."

Ping Xu and Fei Tao, both professors at Shanghai Jiao Tong University, are also senior authors of the paper, which appears today in Nature Communications. Mengke Li, a graduate student at Shanghai Jiao Tong University and a former visiting student at MIT, is the lead author of the paper.

A new drug target

Many of the proteins that perform critical cell functions are embedded in the cell membrane. The segments of these proteins that span the membrane are hydrophobic, which allows them to associate with the lipids that make up the membrane. However, once removed from the membrane, these proteins tend to lose their structure, which makes it difficult to study them or to screen for drugs that might interfere with them.




In 2018, Zhang and his colleagues devised a simple way to convert these proteins into water-soluble versions, which maintain their structure in water. Their technique is known as the QTY code, for the letters that represent the hydrophilic amino acids that become incorporated into the proteins. Leucine (L) becomes glutamine (Q), isoleucine (I) and valine (V) become threonine (T), and phenylalanine (F) becomes tyrosine (Y).

Since then, the researchers have demonstrated this technique on a variety of hydrophobic proteins, including antibodies, cytokine receptors, and transporters. Those transporters include a protein that cancer cells use to pump chemotherapy drugs out of the cells, as well as transporters that brain cells use to move dopamine and serotonin into or out of cells.

In the new study, the team set out to demonstrate, for the first time, that the QTY code could be used to create water-soluble enzymes that retain their enzymatic function.

The research team chose to focus on histidine kinase in part because of its potential as an antibiotic target. Currently most antibiotics work by damaging bacterial cell walls or interfering with the synthesis of ribosomes, the cell organelles that manufacture proteins. None of them target histidine kinase, an important bacterial protein that regulates processes such as antibiotic resistance and cell-to-cell communication.

Histidine kinase can perform four different functions, including phosphorylation (activating other proteins by adding a phosphate group to them) and dephosphorylation (removing phosphates). Human cells also have kinases, but they act on amino acids other than histidine, so drugs that block histidine kinase would likely not have any effect on human cells.

After using the QTY code to convert histidine kinase to a water-soluble form, the researchers tested all four of its functions and found that the protein was still able to perform them. This means that this protein could be used in high-throughput screens to rapidly test whether potential drug compounds interfere with any of those functions.




A stable structure

Using AlphaFold, an artificial intelligence program that can predict protein structures, the researchers generated a structure for their new protein and used molecular dynamics simulations to investigate how it interacts with water. They found that the protein forms stabilizing hydrogen bonds with water, which help it keep its structure.

They also found that if they only replaced the buried hydrophobic amino acids in the transmembrane segment, the protein would not retain its function. The hydrophobic amino acids have to be replaced throughout the transmembrane segment, which helps the molecule maintain the structural relationships it needs to function normally.

Zhang now plans to try this approach on methane monooxygenase, an enzyme found in bacteria that can convert methane into methanol. A water-soluble version of this enzyme could be sprayed at sites of methane release, such as barns where cows live, or thawing permafrost, helping to remove a large chunk of methane, a greenhouse gas, from the atmosphere.

"If we can use the same tool, the QTY code, on methane monooxygenase, and use that enzyme to convert methane into methanol, that could deaccelerate climate change," Zhang says.

The research was funded, in part, by the National Natural Science Foundation of China.
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Fine-tuning leaf angle with CRISPR improves sugarcane yield | ScienceDaily
Sugarcane is the world's largest crop by biomass yield, providing 80 percent of the sugar and 40 percent of the biofuel produced worldwide. The plant's size and efficient use of water and light make it a prime candidate to produce advanced renewable, value-added bioproducts and biofuels.


						
However, as a hybrid of Saccharum officinarum and Saccharum spontaneum, sugarcane has the most complex genome of all crops. This complexity means that improving sugarcane through conventional breeding is challenging. Because of this, researchers turn to gene editing tools, such as the CRISPR/Cas9 system to precisely target the sugarcane genome for improvement.

In their new paper, published in Plant Biotechnology Journal, a team of researchers from the University of Florida at the Center for Advanced Bioenergy and Bioproducts Innovation (CABBI) has leveraged this genetic complexity to their advantage to use the CRISPR/Cas9 system to fine-tune leaf angle in sugarcane. These genetic tweaks allowed the sugarcane to capture more sunlight, which in turn increased the amount of biomass produced.

This work supports the DOE-funded CABBI Bioenergy Research Center's "plants as factories" approach and the primary goal of its Feedstock Production research -- to synthesize biofuels, bioproducts, and high-value molecules directly in the stems of plants such as sugarcane.

The sugarcane genome's complexity is due in part to its high levels of redundancy: It possesses many copies of each gene. The phenotype that a sugarcane plant displays, therefore, typically depends on the cumulative expression of the multiple copies of a certain gene. The CRISPR/Cas9 system is perfect for this task because it can be designed to edit few or many copies of a gene at once.

This study focused on LIGULELESS1, or LG1, a gene that plays a major role in determining leaf angle in sugarcane. Leaf angle, in turn, determines how much light can be captured by the plant, which is critical for biomass production. Since sugarcane's highly redundant genome contains 40 copies of LG1, the researchers were able to fine-tune the leaf angle by editing different numbers of copies of this gene, resulting in slightly different leaf angles depending on how many copies of LG1 were edited.

"In some of the LG1 edited sugarcanes, we just mutated a few of the copies," said Fredy Altpeter, research team lead and Professor of Agronomy at the University of Florida. "And in doing so, we were able to tailor the leaf architecture until we found the optimal angle that resulted in increased biomass yield."

When the researchers grew sugarcane in field trials, they found that the upright leaf phenotypes allowed more light to penetrate the canopy, which resulted in increased biomass yield. One sugarcane line in particular, which contained edits in ~12% of the LG1 copies and showed a 56% decrease in leaf inclination angle, had an 18% increase in dry biomass yield.




By optimizing sugarcane to capture more light, these gene edits increase biomass yield without having to add more fertilizer to the fields. In addition to that, building a stronger understanding of complex genetics and genome editing helps researchers work toward refined approaches for crop improvement.

"This is the first peer-reviewed publication describing a field trial of CRISPR-edited sugarcane," Altpeter said. "And this work also shows unique opportunities for the editing of polyploid crop genomes, where researchers can fine-tune a specific trait."

Co-authors on this study included CABBI researchers at the University of Florida Department of Agronomy, Eleanor Brant, Ayman Eid, Baskaran Kannan, and Mehmet Cengiz Baloglu.
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Early life exposure to weed pollen could increase childhood asthma risk | ScienceDaily

"We found that tree canopy offers some protective effects towards the development of asthma in children. However, this protective effect goes away when there is increased exposure to weed pollen," says lead author Eric Lavigne, an Adjunct Professor in the School of Epidemiology and Public Health in the Faculty of Medicine at the University of Ottawa.

Researchers tapped into the Ontario ASTHMA cohort database, analyzing data over an eight-year period to identify cases of childhood asthma between birth and the age of six. Just over 13 percent of the 214,000 mother-child pairs included in the study were diagnosed with childhood asthma. Researchers measured environmental exposure with the normalized difference vegetation index (NDVI) plus tree canopy estimates within a 250-meter radius from the child's postal code at birth.

The surprising findings show the development of green spaces in urban environments increase pollen exposure and lessen the protection garnered from tree canopies.

With the increased focus on increasing urban vegetation, Lavigne says the public should be aware of the effect trees in cities can have, including the consequences of pollen on children's respiratory health, particularly if it is the cause of increased risk of asthma.

"This could have an impact for urban planners and public health officials that work on redesigning our urban centres," adds Lavigne, who is also a Senior Epidemiologist at Health Canada. "Along with weed pollen control programs and deciding when to plan specific trees, it will be important to consider tree species that minimize allergic pollen in the air."
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Two can play that game: juvenile dolphins who play together are more successful as adults | ScienceDaily
Juvenile social play predicts adult reproductive success in male bottlenose dolphins, a new study has found.


						
Fresh findings published today in Proceedings of the National Academy of Sciences led by researchers from the University of Bristol and University of Western Australia, show that juvenile male dolphins with strong social bonds practice adult-like reproductive behaviours when playing together, and those juvenile males who spend more time practicing will father more offspring as adults. The study provides rare evidence for a link between juvenile social play and reproductive success in a wild animal.

In collaboration with international colleagues, the scientists spent years observing the behavior of juvenile male Indo-Pacific bottlenose dolphins in Shark Bay, Western Australia, and using long-term behavioral and genetic data from this population, they investigated the role of juvenile social play in developing adult male reproductive behavior.

Lead author Dr Katy Holmes, who completed this work as part of her doctoral research at the University of Western Australia, said: "We found that juvenile play involves immature versions of adult reproductive behaviors that are crucial for males to access and mate with estrous females, and the time spent doing these play behaviors predicts how many offspring males eventually sire as adults."

Adult male dolphins in Shark Bay form long-term alliances to help each other secure access to females and these alliances are formed between males who were closely bonded as juveniles. As adults, pairs or trios of allied males will coordinate their behavior to consort individual females, and this work shows that young males practice this coordination with their likely future allies, years before they become sexually mature. "Our work is exciting because historically it has been notoriously difficult to link play behavior to reproductive success, in this case the number of sired offspring, in wild animals," Holmes noted.

Senior author Dr Stephanie King, Associate Professor from Bristol's School of Biological Sciences added: "Play behavior is widespread in humans and other animals, but the reasons that animals play together have long remained a mystery. This study provides compelling support for the idea that animals in the wild play together to practice behaviors that will be important for them as adults, and that if they practice enough, they will be more successful as adults."
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Researchers use 3D visualization to predict, prevent hurricane damage | ScienceDaily
Beginning annually on June 1, hurricane season poses a major threat to Texas coastal communities, causing both physical and financial damage to the areas they hit. This damage can be staggering; when Hurricane Harvey hit in 2017, it cost Galveston $132.73 billion in damages. Texas A&M University researchers have collaborated to understand the impacts of storm surge floods before they occur to potentially reduce the level of damage. Their study was published in "Urban Informatics."


						
The researchers have implemented 3D visualization technology to identify the potential outcomes of hurricane flooding before it occurs. According to researchers, severe weather has been increasing over the last several years due to global climate change. If severe storms and flooding continue to increase in the future, implementing 3D visualization based on real-time weather forecasts could result in improved safety and less damage-inflicted costs.

The 3D modeling technique also allows researchers to examine the effects of damage-preventing infrastructure, such as the proposed Galveston "Ike Dike," a dike designed to shield Galveston Island from future storm surge and flood events.

Using Galveston Island as an example, researchers used 3D visualization to model the damage that would occur to residential buildings as a result of hurricanes of varying intensities. They also modeled damage with preventative infrastructure -- the "Ike Dike" -- in place.

An advantage of 3D visualization over other damage modeling methods is that it allows researchers to model specific buildings, accounting for basements, back entrances, and windows. By identifying a residential building's first-floor elevation level, researchers can predict the physical and financial damage that a hurricane will cause to the specific building.

"3D visualization of hurricanes and storm surges allows us to understand how flooding will impact our coastal communities by allowing us to vividly see how each building and road might be impacted by a given flood," said Dr. Xinyue Ye, the Harold Adams Endowed Professor of Landscape Architecture and Urban Planning and affiliated faculty member in the Department of Computer Science and Engineering, the Department of Multidisciplinary Engineering, the Department of Geography, and the Section of Visual Computing & Interactive Media.

Faculty collaborators on the project include Dr. David Retchless, associate professor in the Department of Marine and Coastal Environmental Science at Texas A&M University at Galveston, Dr. Galen Newman, professor and head of the Department of Landscape Architecture and Urban Planning and the Nicole and Kevin Youngblood Professor of Residential Land Development at Texas A&M, and Dr. Nick Duffield, the Royce E. Wisenbaker Professor I in the Department of Electrical and Computer Engineering and director of the Texas A&M Institute of Data Science.




Critical Information For Homeowners

Since 3D visualization highlights the potential damages hurricane flooding may cause, it can give homeowners a better understanding of what to invest in as far as insurance and preventative infrastructure. This technology also creates an increased community awareness around potential outcomes of hurricanes and flooding.

"Having used Galveston as an example, the next step would be to expand that to other coastal communities in Texas," Ye noted. "In this study, we mainly used residential houses, but we can expand it to other business properties as well."

Effective use of 3D models can protect Texas residents. By implementing this technology on other coastal communities or community buildings, such as schools and stores, researchers can help residents and officials create a plan for hurricane season. As real-time weather forecasts are implemented into the models, researchers may be able to determine when evacuation is necessary and use this data to alert residents.

"3D visualization serves as a universal language, bridging diverse disciplines and fostering communication between academia and the general public," said Ye, who also serves as the director of the Texas A&M Center for Geospatial Sciences, Applications, and Technology and the founding director of Urban AI Lab at the Texas A&M Institute of Data Science.

Duffield adds that this project shows how the work at the intersection between geospatial data science and visualization can raise awareness for individuals, communities and government on the consequences of extreme weather and make informed planning decisions for responses.

This study combines the expertise of researchers in multiple fields, including computer engineering, landscape architecture, urban planning, geography, and marine and coastal environmental science. The positive impacts of this research highlight the importance of collaboration between computational science and domain-specific disciplines.
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Upstream and downstream: River study highlights cross-country inequities | ScienceDaily
A new research commentary led by Griffith University researchers highlights inequities between downstream and upstream countries that share the same watershed.


						
The study outlines how international agreements can better address shared resource problems and call for greater collaboration and coordination between these international neighbours.

Dr Caitlin Kuempel and Dr Andres Felipe Suarez-Castro, from Griffith's Australian Rivers Institute, looked at 'transboundary watersheds' -- i.e. main river basins that cross multiple country borders -- to determine how sediment export produced in one country could reach neighbouring countries downstream.

"Global biodiversity targets have encouraged national conservation efforts to protect natural resources. However, biodiversity loss and its causes -- such as poor water quality -- do not follow human-made borders," Dr Kuempel said.

Transboundary watersheds are widespread globally, with some watersheds crossing upwards of 13 countries.

The research team identified approximately 1,050 transboundary watersheds globally. More than 85% (193 of 226) of countries overlapped with a transboundary watershed, and in >25% of countries (58) all watersheds were transboundary.

"This highlights the need for strong management partnerships to share the costs and benefits of actions across country borders."

Across 112 of transboundary watersheds identified, more than 70% of sediments were produced in a different country than the country where the sediment was discharged into the receiving water bodies.




Sediment from 117 (41% of 286) of these watersheds may reach coastal environments where pollutants may again travel across invisible geographical boundaries such as Exclusive Economic Zones (EEZ).

In 118 countries with land-sea run-off, more than 10% of sediments released from coastal pourpoints entered another country's EEZ.

"We estimate that over 500 Mt (36%) of sediment released into coastal waterways travelled across multiple EEZs," Dr Suarez-Castro said.

"This is an example of land use practices in one country that may cause downstream impacts in another country.

This research focused on watershed management practices, however the authors note that transboundary environmental issues span across ecosystems that create complex problems across various political and regulatory boundaries

The researchers recommended that for global conservation agreements to succeed, governments and institutions must coordinate and collaborate across these borders.

They suggest the Convention on Biological Diversity Kunming-Montreal Global Biodiversity Framework (GBF) could be leveraged to support and incentivise solutions to complex shared resource challenges and provide specific conservation targets that could be used to incentivize and finance action.

The GBF should support and collaborate with the UN Sustainable Development Goal (SDG) 6.5 to further motivate widespread reporting on transboundary indicators and promote stakeholder engagement across jurisdictions.
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How human derived RNA fragments help the Hepatitis E virus | ScienceDaily
Why does Hepatitis E become chronic in some patients, and why do medications not work? To find out, an international research team led by scientists from Bochum observed a patient with chronic Hepatitis E infection over a year. Repeated sequencing of the virus RNA showed that the virus incorporated various parts of the host's messenger RNA into its genome. This resulted in a replication advantage, which may have contributed to the infection becoming chronic. "The so-called insertion of host RNA can possibly predict the transition of an acute infection to a chronic condition," says Dr Daniel Todt, head of the Computational Virology research group in the Department of Medical and Molecular Virology at Ruhr University Bochum, Germany. The researchers report in the journal Nature Communications on June 6, 2024.


						
Sequencing of the virus population

Around 20 million people worldwide contract Hepatitis E every year. Normally, the infection heals without consequences, but it can be life-threatening for pregnant women or people with suppressed immune systems. In some cases, it becomes chronic. There are no specific effective medications. The broad-spectrum antiviral drug Ribavirin is also used against Hepatitis E, but it does not always work.

How can the virus evade the immune system? Why does the infection become chronic and not heal? The researchers wanted to find out and analyzed for the first time all virus populations of a chronically infected patient over a period of more than a year. They examined more than 180 individual sequences from blood samples in detail.

Replication in Cell Culture Benefits from Host RNA

"The Hepatitis E virus has a so-called hypervariable region in its genetic information, into which it can incorporate various RNA sequences from host cells," describes Daniel Todt. His team was able to show that the composition of this region changed massively during the observation period. Additionally, many different compositions occurred simultaneously. In cell culture experiments, it was shown that incorporating host RNA provided a replication advantage: The altered viruses could replicate better than others. "We assume that this is partly responsible for the infection becoming chronic and the therapy failing," says Daniel Todt.

The researchers examined the composition of the host RNA incorporated into the virus to determine if there were any common features characterizing the gene segments. "However, we could not detect any meaningful similarities," says Todt. The incorporated gene sequences are predominantly those that are very common in host cells, indicating a random selection.

"Possibly, during Hepatitis E infection, a race between the virus and the immune system occurs in the body," speculates Daniel Todt. If the virus manages to incorporate host RNA before the immune system successfully combats the infection, it may lead to a chronic course. "Host RNA in the viral genome could, in any case, serve as a biomarker in the acute phase of an infection, indicating early on that it is likely to become chronic."

The researchers plan to expand their studies to larger cohorts of patients.
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Study estimates that between 1980 and 2020, 135 million premature deaths could be linked to fine particulate matter pollution | ScienceDaily
A study led by researchers from Nanyang Technological University, Singapore (NTU Singapore) revealed that fine particulate matter from 1980 to 2020 was associated with approximately 135 million premature deaths globally.


						
In the study, premature deaths refer to fatalities that occur earlier than expected based on average life expectancy, resulting from preventable or treatable causes such as diseases or environmental factors.

The study found that the impact of pollution from fine particulate matter was worsened by climate variability phenomena such as the El Nino-Southern Oscillation, the Indian Ocean Dipole, and the North Atlantic Oscillation, and led to a 14 per cent rise in premature deaths.

The researchers explain that during such weather events, the increased temperature, changes in wind patterns, and reduced precipitation can lead to stagnant air conditions and the accumulation of pollutants in the atmosphere. These result in higher concentrations of PM2.5 particles that are particularly harmful to human health when inhaled.

Fine particulate matter, or PM2.5, refers to particulate matter 2.5 micrometres in diameter or smaller. These tiny particles come from vehicle emissions, industrial processes, and natural sources such as wildfires and dust storms.

As they are so small, PM2.5 particles can easily get into the air we breathe and penetrate deep into our lungs, leading to a range of health problems, especially for vulnerable groups like children, the elderly, and people with respiratory conditions.

The study estimated that a third of the premature deaths from 1980 to 2020 were associated with stroke (33.3 per cent); another third with ischemic heart disease (32.7 per cent), while chronic obstructive pulmonary disease, lower respiratory infections, and lung cancer made up the rest of premature deaths.




To understand how PM2.5 pollution affects mortality rates, the researchers studied satellite data from NASA on the levels of fine particulate matter in the Earth's atmosphere. They also analysed statistics on the incidence and mortality of diseases linked to pollution from the Institute for Health Metrics and Evaluation, based in the US. Additionally, they considered information on climate patterns from the National Oceanic and Atmospheric Administration.

While previous studies have explored aspects of air quality and climate, this study had a global scope and analysed over 40 years of data. By examining how specific climate patterns affect air pollution in different regions, it offers fresh insights into the complex relationship between climate and air quality.

First author of the study, Associate Professor Steve Yim of NTU's Asian School of the Environment and Lee Kong Chian School of Medicine (LKCMedicine), who led the study, said:"Our findings show that changes in climate patterns can make air pollution worse. When certain climate events happen, like El Nino, pollution levels can go up, which means more people might die prematurely because of PM2.5 pollution. This highlights the need to understand and account for these climate patterns when tackling air pollution to protect the health of the global population." Assoc Prof Yim is also a Principal Investigator at NTU's Earth Observatory of Singapore (EOS).

Study co-author Distinguished University Professor Joseph Sung, NTU's Senior Vice President (Health and Life Sciences), and Dean of NTU's LKCMedicine, said: "Our study highlights how climate patterns affect air pollution, and this is crucial for healthcare professionals because it directly impacts public health. The effects of climate change and the environment on human health are not lesser than those of genomics and lifestyle patterns, and they have been increasing over the past decades. By recognising these patterns, healthcare providers can better prepare for potential increases in patients seeking treatment for pollution-related ailments. Additionally, this knowledge underscores the importance of proactive measures to reduce pollution and mitigate its health impacts, ultimately helping healthcare systems manage and alleviate the burden of pollution-related illnesses on communities."

The findings from this study, which represents an advance in understanding how environmental challenges affect the health of the global population, reflect NTU's commitment to responding to the needs and challenges of healthy living and ageing, one of humanity's grand challenges that the University seeks to address through its NTU 2025 strategic plan.

The study is also part of NTU's S$50 million interdisciplinary climate research programme, the Climate Transformation Programme (CTP). Hosted by EOS and funded by Singapore's Ministry of Education, the CTP aims to investigate climate change, develop, inspire, and accelerate knowledge-based solutions, and educate future leaders to establish the stable climate and environment necessary for a resilient and sustainable Southeast Asia.




Co-author of the study Professor Benjamin Horton, Director of Earth Observatory of Singapore, said: "Our study aligns seamlessly with NTU Singapore's ambitious Climate Transformation Programme (CTP), which aims to tackle the pressing challenges of climate change through interdisciplinary research and collaboration. By investigating the intricate relationship between weather patterns and deadly air pollution, we contribute valuable insights that will inform evidence-based solutions and policies to safeguard public health and promote environmental resilience in Southeast Asia and beyond." Prof Horton is also Professor in Earth Science at NTU's Asian School of the Environment.

This study was also funded by several awards and a grant from the Ministry of Education, Singapore. It is also part of The Prudential EOS Climate Impacts Initiative, for which Prudential Services Singapore funded NTU's EOS to conduct a two-year, two-phase study to understand better the impacts of climate change on air quality and its associated health impacts.

The study also saw participation from NTU President's Chair in Genomics Professor Stephan Schuster, who is also Deputy Director at the Singapore Centre for Environmental Life Sciences Engineering (SCELSE). Healthcare professionals and researchers from The Chinese University of Hong Kong, Imperial College London, UK, Sun Yat-sen University, China, and Tan Tock Seng Hospital, Singapore were also involved. The findings were published in April in the peer-reviewed journal Environment International.

Assessing the interplay between climate phenomena, pollution, and deaths

This study used data from a dataset managed by NASA called MERRA-2 (Modern-Era Retrospective Analysis for Research and Applications, version 2). The dataset provides monthly information about the concentration of fine particulate matter on the Earth's surface.

The PM2.5 data analysed for this 40-year study spans from January 1980 to December 2020 and gives detailed information about air pollution levels in specific areas.

The study looked at how changes in air quality are affected by climate patterns, such as the El Nino-Southern Oscillation, Indian Ocean Dipole, and North Atlantic Oscillation weather patterns, obtained from indices assessed by the US National Oceanic and Atmospheric Administration.

The researchers also used data from the Institute for Health Metrics and Evaluation based in the United States on global deaths and occurrences of pollution-linked diseases, which include lower respiratory infections, tracheal, bronchus, and lung cancer, chronic obstructive pulmonary disease, stroke, and ischemic heart disease.

The researchers found that 363 major air pollution episodes happened worldwide over the past four decades, with an average of nine episodes yearly. The duration of an air pollution episode ranged from two to nine months, with 2002 being the year with the highest number of air pollution episodes (15 episodes), followed by 2004 and 2006 (14 episodes each year).

The study estimated that Asia had the highest number of premature deaths attributable to PM2.5 pollution between 1980 and 2020, at 98.1 million, with China and India reaching 49.0 million and 26.1 million deaths, respectively. Pakistan, Bangladesh, Indonesia, and Japan also had significant numbers of PM2.5-attributable premature deaths, ranging from 2 to 5 million each.

The researchers estimate that the three weather phenomena simultaneously caused approximately 7,000 more global premature deaths annually, with the Indian Ocean Dipole phenomena having the largest impact on the number of deaths, followed by North Atlantic Oscillation, and then El Nino.

All three weather patterns coincided in 1994, 1997, 2002, and 2015, with the Southeast Asian region being the most vulnerable. Around 3,100 more deaths occurred in that region each year due to the higher impact of pollution worsened by the weather patterns.

Assoc Prof Yim added: "This study underscores the importance of prioritising public health when developing air quality strategies. Instead of solely focusing on pollutant levels, governments should also consider the health effects of air pollution. This means evaluating policies based on their impact on reducing pollution-related health issues, especially highlighting the need for targeted interventions to mitigate pollution during specific weather conditions."

Prof Sung added: "As our study has shown that PM2.5 pollution could have significant health consequences, health agencies need to allocate resources accordingly. This includes ensuring that healthcare services are equipped to handle the demands related to PM2.5 pollution-related illnesses. By emphasising health outcomes in air quality management, governments can better protect public health and improve overall well-being."

The team of researchers will be conducting more detailed studies for a deeper understanding of local air pollution patterns and further detailing the mechanisms behind how climate patterns influence the formation and reduction of PM2.5.
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Lung organoids unveil secret: How pathogens infect human lung tissue | ScienceDaily
How do pathogens invade the lungs? Using human lung microtissues, a team at the Biozentrum of the University of Basel has uncovered the strategy used by a dangerous pathogen. The bacterium targets specific lung cells and has developed a sophisticated strategy to break through the lungs' line of defense.


						
Earlier this year, the WHO published a list of twelve of the world's most dangerous bacterial pathogens that are resistant to multiple antibiotics and pose a grave threat to human health. This list includes Pseudomonas aeruginosa, a much-feared nosocomial pathogen that causes severe and life-threatening pneumonia. This pathogen is especially threatening to immunocompromised patients and those on mechanical ventilation, with mortality rates up to 50 percent.

The lung barrier is penetrable

Pseudomonas aeruginosa has developed a broad range of strategies to invade the lungs and the body. Researchers led by Prof. Urs Jenal at the Biozentrum, University of Basel, have now gained novel insights into the infection process using lab-grown lung microtissues generated from human stem cells. In the scientific journal "Nature Microbiology," they describe how Pseudomonas breaches the top layer of lung tissue and invades deeper areas. This study was conducted as part of the National Center of Competence in Research (NCCR) "AntiResist."

Our lungs are lined by a thin layer of tightly packed cells that protects the deeper layers of lung tissue. The surface is covered with mucus, which traps particles such as microorganisms and is removed from the airways by specialized cells. This layer serves as an effective almost impenetrable barrier against invading pathogens. However, Pseudomonas bacteria have found a way to breach it. But how the pathogen crosses the tissue barrier has remained a mystery until now.

Lung organoids provide new insight into infections in humans

"We have grown human lung microtissues that realistically mimic the infection process inside a patient's body," explains Jenal. "These lung models enabled us to uncover the pathogen's infection strategy. It uses the mucus-producing goblet cells as Trojan horses to invade and cross the barrier tissue. By targeting the goblet cells, which make up only a small part of the lung mucosa, the bacteria can breach the defense line and open the gate."

With a large arsenal of virulence factors, known as secretion systems, the pathogen specifically attacks and invades the goblet cells, replicates inside the cells and ultimately kills them. The burst of the dead cells leads to ruptures in the tissue layer, making the protective barrier leaky. The pathogens exploit this weak spot: They rapidly colonize the rupture sites and spread into deeper tissue regions.




New sensor for monitoring bacteria

Using human lung organoids, the scientists have been able to elucidate the sophisticated infection strategies of Pseudomonas. However, it remains unclear how the pathogens adapt their behavior during the infection process. For example, they must first be mobile to spread over the tissue surface, then quickly adhere to lung cells upon contact, and later activate their virulence factors. It is known that the bacteria can rapidly change their behavior thanks to small signaling molecules. Until now, however, the technology to study these correlations was not available.

Jenal's team has now developed a biosensor to measure and track a small signaling molecule called c-di-GMP in individual bacteria. The method was recently described in Nature Communications. "This is a technological breakthrough," says Jenal. "Now we can monitor in real time and with high resolution how this signaling molecule is regulated during infection and how it controls the pathogen's virulence. We now have a detailed view on when and where individual bacterial cells activate certain programs to regulate their behavior. This method enables us to investigate lung infections in more detail."

Organ models mimic conditions in patients

"Thanks to the development of human lung organoids, we now have a much better understanding of how the pathogens behave in human tissue and presumably in patients," emphasizes Jenal. "This brings us a big step closer to the goal of NCCR AntiResist." Organoids of the human lung and other organs like the bladder allow the researchers to study the effects of antibiotics in tissue, for example, identifying where and how bacteria survive during treatment. Such organ models will be indispensable in the future for developing new and effective strategies to combat pathogens.
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The solar system may have passed through dense interstellar clouds 2 million years ago, altering Earth's climate | ScienceDaily
Around two million years ago, Earth was a very different place, with our early human ancestors living alongside saber-toothed tigers, mastodons, and enormous rodents. And, depending on where they were, they may have been cold: Earth had fallen into a deep freeze, with multiple ice ages coming and going until about 12,000 years ago. Scientists theorize that ice ages occur for a number of reasons, including the planet's tilt and rotation, shifting plate tectonics, volcanic eruptions, and carbon dioxide levels in the atmosphere. But what if drastic changes like these are not only a result of Earth's environment, but also the sun's location in the galaxy?


						
In a new paper published in Nature Astronomy, lead authorand astrophysicist Merav Opher -- an astronomy professor at Boston University and fellow at Harvard Radcliffe Institute -- found evidence that some two million years ago, the solar system encountered an interstellar cloud so dense that it could have interfered with the sun's solar wind. Opher and her co-authors believe this shows that the sun's location in space might shape Earth's history more than previously considered.

Our whole solar system is swathed in a protective plasma shield that emanates from the sun, known as the heliosphere. It's made from a constant flow of charged particles, called solar wind, that stretch well past Pluto, wrapping the planets in what NASA calls a "a giant bubble." It protects us from radiation and galactic rays that could alter DNA, and scientists believe it's part of the reason life evolved on Earth as it did. According to the latest paper, the cold cloud compressed the heliosphere in such a way that it briefly placed Earth and the other planets in the solar system outside of the heliosphere's influence.

"This paper is the first to quantitatively show there was an encounter between the sun and something outside of the solar system that would have affected Earth's climate," says Opher, who is an expert on the heliosphere. Her models have quite literally shaped our scientific understanding of the heliosphere, and how the bubble is structured by the solar wind pushing up against the interstellar medium -- which is the space in between stars and beyond the heliosphere in our galaxy. Her theory is that the heliosphere is shaped like a puffy croissant, an idea that shook the space physics community. Now, she's shedding new light on how the heliosphere, and where the sun moves through space, could affect Earth's atmospheric chemistry.

"Stars move, and now this paper is showing not only that they move, but they encounter drastic changes," says Opher. She first discovered and began working on this study during a yearlong fellowship at Harvard Radcliffe Institute.

To study this phenomenon, Opher and her collaborators essentially looked back in time, using sophisticated computer models to visualize where the sun was positioned two million years in the past -- and, with it, the heliosphere, and the rest of the solar system. They also mapped the path of the Local Ribbon of Cold Clouds system, a string of large, dense, very cold clouds mostly made of hydrogen atoms. Their simulations showed that one of the clouds close to the end of that ribbon, named the Local Lynx of Cold Cloud, could have collided with the heliosphere.

If that had happened, says Opher, Earth would have been fully exposed to the interstellar medium, where gas and dust mix with the leftover atomic elements of exploded stars, including iron and plutonium. Normally, the heliosphere filters out most of these radioactive particles. But without protection, they can easily reach Earth. According to the paper, this aligns with geological evidence that shows increased 60Fe (iron 60) and 244Pu (plutonium 244) isotopes in the ocean, on the moon, Antarctic snow, and ice cores from the same time period. The timing also matches with temperature records that indicate a cooling period.




"Only rarely does our cosmic neighborhood beyond the solar system affect life on Earth," says Avi Loeb, director of Harvard University's Institute for Theory and Computation and coauthor on the paper. "It is exciting to discover that our passage through dense clouds a few million years ago could have exposed the Earth to a much larger flux of cosmic rays and hydrogen atoms. Our results open a new window into the relationship between the evolution of life on Earth and our cosmic neighborhood."

The outside pressure from the Local Lynx of Cold Cloud could have continually blocked out the heliosphere for a couple of hundred years to a million years, Opher says -- depending on the size of the cloud. "But as soon as the Earth was away from the cold cloud, the heliosphere engulfed all the planets, including Earth," she says. And that's how it is today.

It's impossible to know the exact effect the cold clouds had on Earth -- like if it could have spurred an ice age. But there are a couple of other cold clouds in the interstellar medium that the sun has likely encountered in the billions of years since it was born, Opher says. And it will likely stumble across more in another million years or so. Opher and her collaborators are now working to trace where the sun was seven million years ago, and even further back. Pinpointing the location of the sun millions of years in the past, as well as the cold cloud system, is possible with data collected by the European Space Agency's Gaia mission, which is building the largest 3D map of the galaxy and giving an unprecedented look at the speed stars move.

"This cloud was indeed in our past, and if we crossed something that massive, we were exposed to the interstellar medium," Opher says. The effect of crossing paths with so much hydrogen and radioactive material is unclear, so Opher and her team at BU's NASA-funded SHIELD (Solar wind with Hydrogen Ion Exchange and Large-scale Dynamics) DRIVE Science Center are now exploring the effect it could have had on Earth's radiation, as well as the atmosphere and climate.

"This is only the beginning," Opher says. She hopes that this paper will open the door to much more exploration of how the solar system was influenced by outside forces in the deep past and how these forces have in turn shaped life on our planet.

This research was supported by NASA.
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Planetary Health Diet associated with lower risk of premature death, lower environmental impact | ScienceDaily
People who eat a healthy, sustainable diet may substantially lower their risk of premature death in addition to their environmental impact, according to a new study led by Harvard T.H. Chan School of Public Health. It is the first large study to directly evaluate the impacts of adherence to recommendations in the landmark 2019 EAT-Lancet report. The researchers have named the dietary pattern outlined in the report -- which emphasizes a variety of minimally processed plant foods but allows for modest consumption of meat and dairy foods -- the Planetary Health Diet (PHD).


						
The study will be published online June 10 in The American Journal of Clinical Nutrition.

"Climate change has our planet on track for ecological disaster, and our food system plays a major role," said corresponding author Walter Willett, professor of epidemiology and nutrition. "Shifting how we eat can help slow the process of climate change. And what's healthiest for the planet is also healthiest for humans."

While other studies have found that diets emphasizing plant-based foods over animal-sourced foods could have benefits for human and planetary health, most have used one-time dietary assessments, which produce weaker results than looking at diets over a long period of time.

The researchers used health data from more than 200,000 women and men enrolled in the Nurses' Health Study I and II and the Health Professionals Follow-Up Study. Participants were free of major chronic diseases at the start of the study and completed dietary questionnaires every four years for up to 34 years. Participants' diets were scored based on intake of 15 food groups -- including whole grains, vegetables, poultry, and nuts -- to quantify adherence to the PHD.

The study found that the risk of premature death was 30% lower in the top 10% of participants most closely adhering to PHD compared to those in the lowest 10%. Every major cause of death, including cancer, heart disease, and lung disease, was lower with greater adherence to this dietary pattern.

In addition, the researchers found that those with the highest adherence to the PHD had a substantially lower environmental impact than those with the lowest adherence, including 29% lower greenhouse gas emissions, 21% lower fertilizer needs, and 51% lower cropland use.




The researchers noted that land use reduction is particularly important as a facilitator of re-forestation, which is seen as an effective way to further reduce levels of greenhouse gases that are driving climate change.

"Our study is noteworthy given that the U.S. Department of Agriculture has refused to consider the environmental impacts of dietary choices, and any reference to the environmental effects of diet will not be allowed in the upcoming revision of the U.S. Dietary Guidelines," said Willett. "The findings show just how linked human and planetary health are. Eating healthfully boosts environmental sustainability -- which in turn is essential for the health and wellbeing of every person on earth."

Other Harvard Chan School authors included Linh Bui, Fenglei Wang, Qi Sun, Frank Hu, Kyu Ha Lee, and Marta Guasch-Ferre.

The study was funded by National Institutes of Health (NIH) research grants UM1 CA186107, P01 CA87969, R01 HL034594, U01 CA176726, U01 CA167552, R01 HL035464, R01 DK120870, and R01 DK126698.

"Planetary Health Diet Index and risk of total and cause specific mortality in three prospective cohorts," Linh P. Bui, Tung T. Pham, Fenglei Wang, Boyang Chai, Qi Sun, Frank B. Hu, Kyu Ha Lee, Marta Guasch-Ferre, Walter C. Willett, The American Journal of Clinical Nutrition, June 10, 2024, doi: 10.1016/j.ajcnut.2024.03.019
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        Younger workers feel stressed, lonely and undervalued
        Younger workers are struggling with feelings of loneliness and a lack of appreciation at work and tend to feel more comfortable working with people their own age, according to a recent survey.

      

      
        Cocaine trafficking threatens critical bird habitats
        In addition to its human consequences, cocaine trafficking harms the environment and threatens habitats important to dozens of species of migratory birds, according to a new study.

      

      
        Humans are the elephant in the room where conservation is debated
        Studies working to map conservation historically have left humans out of the equation. This study proposes ways to build in the outsized footprint created by people in wild places.

      

      
        Ritual sacrifice at Chichen Itza
        Rising to power in the wake of the Classic Maya collapse, Chichen Itz was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh.

      

      
        Hybrid work is a 'win-win-win' for companies, workers
        In the largest study yet of working-from-home professionals, economists reveal that employees who work from home two days a week are just as productive, likely to get promoted, and far less prone to quit.

      

      
        Significant increase in nitrous-oxide emissions from human activities, jeopardizing climate goals
        Emissions of nitrous-oxide (N2O) -- a potent greenhouse gas -- have continued to rise unabated over the past four decades, according to an international team of scientists.

      

      
        Female AI 'teammate' generates more participation from women
        An artificial intelligence-powered virtual teammate with a female voice boosts participation and productivity among women on teams dominated by men, according to new research.

      

      
        Virtual reality as a reliable shooting performance-tracking tool
        Virtual reality technology can do more than teach weaponry skills in law enforcement and military personnel, a new study suggests: It can accurately record shooting performance and reliably track individuals' progress over time.

      

      
        We spend more with cashless payments
        A study has found that when using cashless methods of payment, individuals tend to spend more when purchasing.

      

      
        Major milestone in cutting harmful gases that deplete ozone layer and worsen global warming
        A new study has revealed significant progress in the drive to reduce levels in the atmosphere of chemicals that destroy Earth's ozone layer, confirming the success of historic regulations limiting their production.

      

      
        Unregulated sales of a toxic and hallucinogenic mushroom endanger public health
        Americans' interest in a potentially harmful 'magic mushroom' is soaring, according to a new study. The scientists suggest that the growing market for Amanita muscaria may be sparked in part by emerging clinical research supporting the safety and efficacy of psilocybin as a treatment for depression.

      

      
        Case studies show how quasi-governmental organizations could strengthen climate adaptation governance
        The politicization of climate issues and the unsynchronized efforts of stakeholders are hindering the effectiveness of climate adaptation governance in the U.S. According to a new study the design characteristics of quasi-governmental organizations (QGOs) could provide insights on how to depoliticize climate information sources and foster multi-level stakeholder coordination.

      

      
        Researchers use 3D visualization to predict, prevent hurricane damage
        The researchers say 3D visualization of hurricanes and storm surges allows them to understand how flooding will impact coastal communities by allowing them to vividly see how each building and road might be impacted by a given flood.

      

      
        Upstream and downstream: River study highlights cross-country inequities
        New research highlights inequities between downstream and upstream countries that share the same watershed. The study outlines how international agreements can better address shared resource problems and call for greater collaboration and coordination between these international neighbors.

      

      
        Peers crucial in shaping boys' confidence in math skills
        Boys are good at math, girls not so much? A study has analyzed the social mechanisms that contribute to the gender gap in math confidence. While peer comparisons seem to play a crucial role for boys, girls' subjective evaluations are more likely to be based on objective performance.

      

      
        Interventions against misinformation also increase skepticism toward reliable sources
        Efforts to tackle false information through fact-checking or media literacy initiatives increases the public's skepticism toward 'fake news'. However, they also breed distrust in genuine, fact-based news sources, a new study using online survey experiments in the US, Poland and Hong Kong shows.

      

      
        Benefits of failure are overrated
        The platitude that failure leads to success may be both inaccurate and damaging to society, according to new research.

      

      
        Online professional education works for complex topics
        Online education is effective for teaching complicated topics like quantum information science (QIS) to high school science educators, according to a new article.

      

      
        Basic income can double global GDP while reducing carbon emissions
        Giving a regular cash payment to the entire world population has the potential to increase global gross domestic product (GDP) by 130%, according to a new analysis. Researchers suggest that charging carbon emitters with an emission tax could help fund such basic income program while reducing environmental degradation.

      

      
        Secure access to food and water decreasing for US children
        The number of children in the U.S. facing simultaneous water and food insecurity more than doubled between 2005 and 2020. Additionally, Black children were 3.5 times more likely than white children to simultaneously experience food and water insecurity, while Hispanic children were 7.1 times more likely than white children, according to a new study.

      

      
        How $4 billion funded the unprecedented COVID-19 pandemic response
        New research sheds light on how federal funding helped scientists understand the COVID-19 virus, develop new treatments and deploy lifesaving vaccines in record time.

      

      
        Climate crisis puts Australia's ski industry on slippery slope, but not all hope is lost
        Australia's ski industry is at risk of major disruptions and shorter seasons if the current level of climate pollution continues, according to new modelling. The report found the average ski season across all resorts in Australia will be 44 days shorter by 2050 under a mid-greenhouse gas emissions scenario and 55 days shorter under a high-emissions scenario.

      

      
        Climate policy: competing crises
        Current crises are distracting from the climate crisis and weakening support for climate action, a Europe-wide survey reveals.

      

      
        Younger children in school year are more commonly diagnosed with ADHD than their older classmates, says new study
        New research has found that teachers may be attributing signs of age-related immaturity in children, to conditions such as Attention-Deficit/Hyperactivity Disorder (ADHD) or Autism Spectrum Disorder (ASD). The results of the study showed that the youngest students in a class, with birth dates just before the school entry cut-off date, were overrepresented among children receiving an ADHD diagnosis or medication for the condition. Experts looked at how being one of the youngest children in a class...

      

      
        The unexpected origins of a modern finance tool
        Surprisingly, the origins of financial discounting began with 17th-century English clergymen.

      

      
        Study offers a better way to make AI fairer for everyone
        Scientists show a new way of thinking about the fair impacts of AI decisions. They draw on a well-established tradition known as social welfare optimization, which aims to make decisions fairer by focusing on the overall benefits and harms to individuals. This method can be used to evaluate the industry standard assessment tools for AI fairness, which look at approval rates across protected groups.

      

      
        The Protestant Work Ethic could explain a liking for 'natural' healthcare
        A strong belief in the Protestant Work Ethic might underpin the decision-making of many people choosing 'natural' approaches to healthcare, new research suggests. Academics say their paper identifies the role of psychological factors in health choices ranging from a preference for vaginal birth -- over caesarean sections -- to 'natural' cold and flu remedies. In the latter case, the preference holds even if the chemical composition of natural remedies may be identical to compounds synthesised in ...
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Younger workers feel stressed, lonely and undervalued | ScienceDaily
Younger workers are struggling with feelings of loneliness and a lack of appreciation at work and tend to feel more comfortable working with people their own age, according to a survey by the American Psychological Association.


						
The 2024 Work in America survey, conducted online by The Harris Poll of more than 2,000 working U.S. adults, found that three in 10 U.S. workers reported that people in their organization who are not close to their age do not see the value in their ideas (32%). That number was significantly higher for workers aged 18-25 (48%) than for workers aged 65 and older (16%). Workers aged 18-25 and 26-43 were also significantly more likely than workers aged 44-57, 58-64 and 65+ to say that they feel more comfortable working with people their own age than with other age groups (62% and 57% vs. 42%, 38% and 27%).

While most working adults reported that they appreciate the opportunity to work with people of different ages (92%) and say that having colleagues from a range of age groups is an advantage for their workplace (87%), a quarter said that they are worried about job security because of their age. And nearly three in 10 U.S. workers (29%) said that they feel self-conscious about their age at work, including 43% of workers aged 18-25.

There are signs that younger workers may have difficulty connecting with their coworkers on a personal level as well; nearly half (45%) of workers aged 18-25 said they feel lonely when they are working, significantly more than workers aged 26-43 (33%), 44-57 (22%), 58-64 (15%) and 65+ (14%). They are also more likely than older workers to say they typically feel tense or stressed out during their workday (48% aged 18-25, 51% aged 26-43, and 42% aged 44-57 vs. 30% aged 58-64 and 17% aged 65+).

"With more workers retiring later in life, the demographics of the workplace are changing and younger workers seem to be having the hardest time adjusting. At the same time, with increased remote work and the use of new technologies like AI, younger and older workers alike are facing a paradigm shift around where and how we work," said Arthur C. Evans Jr., PhD, APA's chief executive officer. "To remain competitive, employers should invest in strategies that support their workers' well-being and mental health to help them navigate these new norms and evolving professional landscape."

Overall, a third of U.S. workers said they do not have enough control over when, where and how they do their work. One in three workers (33%) also said they are not working in their preferred location, be it remote, in person or a hybrid of the two. According to the survey, 59% of U.S. workers reported currently working all in person, 24% reported being hybrid and 17% reported working completely remotely. However, only 38% of workers reported they would prefer to work all in person, compared with 34% who reported preferring to work hybrid and 28% who reported preferring to work remotely.

Other key findings:
    	The percentage of workers who reported that their employer offers four-day workweeks was significantly higher in 2024 than the previous two years (14% in 2022, 17% in 2023 and 22% in 2024). And two-thirds (67%) said they believe the four-day workweek will become standard in their lifetime.
    	Employees' use of AI is outpacing employer guidance, with more than one-third of workers (35%) who reported using AI monthly or more often to assist with their work. However, only 18% reported knowing that their employer has an official policy about acceptable uses of AI. Half of workers said their employer has no such policy, and close to one-third (32%) were unsure.
    	A majority (67%) of workers reported experiencing at least one outcome often associated with workplace burnout in the last month, such as lack of interest, motivation, or low energy, feeling lonely or isolated and a lack of effort at work.

What also stood out was that workers who feel comfortable expressing themselves or raising difficult issues without fear of negative consequences -- what psychologists call "psychological safety" -- tend to report better experiences at work. Workers who experience higher levels of psychological safety are more likely than workers experiencing lower levels of psychological safety to say they feel like they belong (95% vs. 69%) and that they feel comfortable being themselves in the workplace (95% vs. 75%). They were also 10 times less likely to say their workplace is very or somewhat toxic than workers who experience lower levels of psychological safety (3% vs. 30%).




The poll found that people with disabilities reported experiencing a lack of psychological safety at work at an alarming rate, which could be linked to the negative impacts of ableism or unequal access to opportunities due to bias. Two-thirds of workers with a cognitive, emotional, learning or mental disability and a similar number of workers with a physical disability (63%) reported experiencing lower levels of psychological safety, compared with 45% of workers who did not report having a disability.

Workers with disabilities were more likely to report concerns about their workplaces. Less than half (48%) of individuals living with a cognitive, emotional, learning or mental disability described their company's culture as one that respects time off, compared with 63% of those not living with a disability. And 57% of workers with physical disabilities reported concern that AI may make some or all of their job duties obsolete in the near future, compared with 37% of workers who did not report having a disability.

"Our survey findings underscore the need for employers to create psychologically safe work environments for their employees," Evans said. "We know from research that psychological safety not only enhances individual employee well-being but strengthens the organization by fostering a culture of creativity, innovation and effective teamwork, which ultimately helps to improve the bottom line."

Methodology

The research was conducted online in the United States by The Harris Poll on behalf of the American Psychological Association among 2,027 employed adults. The survey was conducted March 25-April 3, 2024. Data are weighted where necessary by age by gender, race/ethnicity, region, education, marital status, household size, work status, household income, and smoking status to bring them in line with their actual proportions in the population. A full methodology is available.
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Cocaine trafficking threatens critical bird habitats | ScienceDaily
In addition to its human consequences, cocaine trafficking harms the environment and threatens habitats important to dozens of species of migratory birds, according to a new study.


						
Two-thirds of the areas that are most important to forest birds -- including 67 species of migratory birds that breed in the U.S. and Canada and overwinter in Central America -- are at increased risk from cocaine trafficking activities, according to the study, "Intersection of Narco-Trafficking, Enforcement and Bird Conservation in the Americas," published June 12 in Nature Sustainability.

"When drug traffickers are pushed into remote forested areas, they clear land to create landing strips, roads and cattle pastures," said lead author Amanda Rodewald, senior director of the Center for Avian Population Studies at the Cornell Lab of Ornithology. "Those activities -- and the counterdrug strategies that contribute to them -- can deforest landscapes and threaten species."

In the study, scientists from four universities, as well as the U.S. Fish and Wildlife Service, combined measures of various landscape characteristics and concentrations of migratory birds in Central America to highlight the unexpected connection between a pervasive social problem and biodiversity.

More than half of the global population of one in five migratory species inhabit areas that became more attractive to trafficking following peak law enforcement pressure, measured as the volume of cocaine seized. For example, 90% of the world's population of federally endangered golden-cheeked warblers and 70% of golden-winged warblers and Philadelphia vireos winter in those vulnerable landscapes.

The largest remaining forests in Central America, which are disproportionately inhabited by Indigenous people -- known as the Five Great Forests -- are seeing growing levels of cocaine trafficking.

"U.S. drug policy in Central America focuses on the supply side of the equation, and law-enforcement pressure plays a significant role in the movement of trafficking routes and locations of narco-deforestation," said co-author Nicholas Magliocca, associate professor at the University of Alabama. "After 40 years that approach has not worked. In fact, cocaine trafficking has only expanded and become a worldwide network. It used to be that cocaine was just passing through Central America, but now it's become a hub of global trans-shipment."

This study builds upon previous ethnographic and modeling work done by Magliocca and a core group of researchers examining land-use conditions and decisions made by the traffickers themselves based on perceived risk and profit.




"This research gives an even fuller accounting of the harms caused by drug trafficking and the way we currently go about fighting it," Magliocca said. "Adaptive behavior by the traffickers must be taken into consideration. You have to do more than reactively chase after the drug traffickers, who have nearly unlimited money and power in the region. No question it's a complex, fluid and dangerous situation."

"Incorporating measures that build capacity in local communities and governments to monitor and protect their forests, grow alternate forms of income, and resolve unclear land tenure would go a long way," Rodewald said. "Our study is a reminder that we can't address social problems in a vacuum because they can have unintended environmental consequences that undermine conservation."

This research was conducted by the Cornell Lab of Ornithology, University of Alabama, Ohio State University, Northern Arizona University, and the U.S. Fish & Wildlife Service with funding from the Cornell Lab of Ornithology, Cornell University and NASA.
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Humans are the elephant in the room where conservation is debated | ScienceDaily
Humans are outsized actors in the world's wild places where there are struggles to preserve and protect vital natural resources and animals, birds and plants. Yet people and their plus-sized footprint are rarely discussed in models seeking to predict and plan for trajectories of endangered species.


						
Sustainability scholars at Michigan State University in this week's journal Nature Ecology and Evolution reveal the decades-long gaps in research and propose a new way of creating accurate visions for endangered species.

To map and predict species geographic distributions around the globe and understand the factors that drive them, ecologists, conservation biologists and others use powerful computational tools called species distribution models (SDMs). These tools are used for conservation, understanding disease spread, food security, policy planning, and many other applications. To inform their predictions, scientists typically include the surrounding environment, such as climate and natural habitat.

But according to PhD candidate Veronica Frans, "we have a new reality that must be recognized if we want SDM predictions to be realistic and most helpful: we live in a human-dominated world."

Frans and her advisor Jianguo "Jack" Liu, Rachel Carson chair in sustainability and director of MSU's Center for Systems Integration and Sustainability, reviewed and synthesized 12,854 published studies covering over 58,000 species around the world, modeled across local to global spatial scales. They found that only 11 percent of those studies included human activities -- which Frans said doesn't reflect reality.

"Nearly half the articles projecting to future climates held human predictors constant over time," Frans said. "That's risking false optimism about the effects of human activities compared to climate change."

They also found how scientists have been considering the future: nearly half of the SDM studies predicting species distributions have used different future climate scenarios but left data related to human activities constant over time. This means that modelers trying to understand where species will be distributed in the next 50 to 100 years were assuming human activities, development, infrastructure, and other human pressures will not change in the future.




"In our current era, human influence is pervasive and human-species interactions are diversifying and amplifying, and yet it is not being well accounted for in one of the most popular modeling tools in ecology," Frans said.

They noted that modelers haven't had a choice in the matter: geographic data on future human development have been sparse.

"This is an important aspect we must work to improve, since nature and humans are tightly linked, not only locally, but also across long distances" Liu said. "They form metacoupled human and natural systems. We will only be able to make significant and swift progress toward global sustainability when we consider all aspects of our real world."

The article "Gaps and opportunities in modeling human influence on species distributions in the Anthropocene," was funded by the National Science Foundation and Michigan AgBioResearch.
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Ritual sacrifice at Chichen Itza | ScienceDaily
Rising to power in the wake of the Classic Maya collapse, Chichen Itza was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. In a new study in Nature, researchers discover a practice of ritual child sacrifice focused exclusively on males. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh. Further comparison to Maya populations today reveals the genetic impact of colonial-era epidemics.


						
Located in the heart of Mexico's Yucatan peninsula, the ancient Maya city of Chichen Itza is one of North America's most iconic and enigmatic archaeological sites. It rose to power in the aftermath of the Classic Maya collapse and was a populous and powerful political center in the centuries preceding the arrival of the Spanish. Chichen Itza's influence extended throughout the Maya region and deep into the heart of Central Mexico. Famed for its monumental architecture, including more than a dozen ballcourts and numerous temples, among them the massive temple of El Castillo adorned with feathered serpents, it has been under archaeological investigation for more than a century.

Chichen Itza is perhaps best known for its extensive evidence of ritual killing, which includes both the physical remains of sacrificed individuals and representations in monumental art. The controversial dredging of the site's Sacred Cenote in the early 20th century identified the remains of hundreds of individuals, and a full-scale stone representation of a massive tzompantli (skull rack) in the site's core point to the centrality of sacrifice within the ritual life at Chichen Itza. Despite its notoriety, however, the role and context of ritual killing at the site remain poorly understood.

A large proportion of sacrificed individuals at the site are children and adolescents. Although there is a widespread belief that females were the primary focus of sacrifice at the site, sex is difficult to determine from juvenile skeletal remains by physical examination alone, and more recent anatomical analyses suggest that many of the older juveniles may in fact be male. In 1967, a subterranean chamber was discovered near the Sacred Cenote that contained the scattered remains of more than a hundred young children. The chamber, which was likely a repurposed chultun (water cistern), had been enlarged to connect to a small cave. Among the ancient Maya, caves, cenotes (natural sinkholes), and chultuns have long been associated with child sacrifice, and such subterranean features were widely viewed as connection points to the underworld.

To better understand ritual life and the context of child sacrifice at Chichen Itza, an international team of researchers from institutions including the Max Planck Institutes for Evolutionary Anthropology (MPI-EVA, Leipzig) and Geoanthropology (MPI-GEA, Jena), the National School of Anthropology and History (ENAH, Mexico City), the National Institute of Anthropology and History (INAH-Yucatan, Merida), and Harvard University (Cambridge) conducted an in-depth genetic investigation of the remains of 64 children ritually interred within the chutun at Chichen Itza.

A ritual sacrifice focused on males and close kin

Dating of the remains revealed that the chultun was used for mortuary purposes for more than 500 years, from the 7th to 12th centuries AD, but that most of the children were interred during the 200-year period of Chichen Itza's political apex between 800 to 1,000 AD. Unexpectedly, genetic analysis revealed that all 64 tested individuals were male. Further genetic analysis revealed that the children had been drawn from local Maya populations, and that at least a quarter of the children were closely related to at least one other child in the chultun. These young relatives had consumed similar diets, suggesting they were raised in the same household. "Our findings showcase remarkably similar dietary patterns among individuals exhibiting a first- or second-degree familial connection," says co-author Patxi Perez-Ramallo, postdoctoral researcher at the Department of Archaeology and Cultural History, NTNU University Museum, Trondheim, Norway and the MPI-GEA.




"Most surprisingly, we identified two pairs of identical twins," says Kathrin Nagele, co-author and group leader at the MPI-EVA. "We can say this with certainty because our sampling strategy ensured we would not duplicate individuals." Taken together, the findings indicate that related male children were likely being selected in pairs for ritual activities associated with the chultun.

"The similar ages and diets of the male children, their close genetic relatedness, and the fact that they were interred in the same place for more than 200 years point to the chultun as a post-sacrificial burial site, with the sacrificed individuals having been selected for a specific reason," says Oana Del Castillo-Chavez, co-author and researcher in the Physical Anthropology Section at the Centro INAH Yucatan.

Connections to the Popol Vuh

Twins hold a special place in the origin stories and spiritual life of the ancient Maya. Twin sacrifice is a central theme in the sacred K'iche' Mayan Book of Council, known as the Popol Vuh, a colonial-era book whose antecedents can be traced back more than 2,000 years in the Maya region. In the Popol Vuh, the twins Hun Hunahpu and Vucub Hunahpu descend into the underworld and are sacrificed by the gods following defeat in a ballgame. The twin sons of Hun Hunahpu, known as the Hero Twins Hunahpu and Xbalanque, then go on to avenge their father and uncle by undergoing repeated cycles of sacrifice and resurrection in order to outwit the gods of the underworld. The Hero Twins and their adventures are amply represented in Classic Maya art, and because subterranean structures were viewed as entrances to the underworld, the interment of twins and pairs of close kin within the chultun at Chichen Itza may recall rituals involving the Hero Twins.

"Early 20th century accounts falsely popularized lurid tales of young women and girls being sacrificed at the site," says Christina Warinner, John L. Loeb Associate Professor of the Social Sciences and Anthropology at Harvard University and a group leader at the MPI-EVA. "This study, conducted as a close international collaboration, turns that story on its head and reveals the deep connections between ritual sacrifice and the cycles of human death and rebirth described in sacred Maya texts."

The enduring genetic legacy of colonial epidemics

The detailed genetic information obtained at Chichen Itza has also allowed researchers to investigate another major outstanding question in Mesoamerica: the long-term genetic impact of colonial-era epidemics on Indigenous populations. Working closely with residents of the local Maya community of Tixcacaltuyub, researchers found evidence of genetic positive selection in immunity-related genes, and specifically selection for genetic variants that are protective against Salmonella infection. During the 16th century in Mexico, wars, famines, and epidemics caused a population decline as high as 90 percent, and among the most serious epidemics was the 1545 cocoliztli epidemic, recently identified as being caused by the pathogen Salmonella enterica Paratyphi C.

"The present-day Maya carry the genetic scars of these colonial-era epidemics," says lead author Rodrigo Barquera, immunogeneticist and postdoctoral researcher at the MPI-EVA. "Multiple lines of evidence point to specific genetic changes in the immune genes of present-day Mexicans of Indigenous and mixed-ancestry descent that are linked to enhanced resistance to Salmonella enterica infection."

The study of ancient DNA is increasingly allowing more detailed and complex questions to be asked about the past. "The new information gained from ancient DNA has not only allowed us to dispel outdated hypotheses and assumptions and to gain new insights into the biological consequences of past events, it has given us a glimpse into the cultural lives of the ancient Maya," says senior author Johannes Krause, Director of the Department of Archaeogenetics at the MPI-EVA. Such studies also empower Indigenous researchers to shape narratives of the past and set priorities for the future. "It is significant to me as a research professor of indigenous origin that I can contribute to the construction of knowledge," says Maria Ermila Moo-Mezeta, Mayan co-author of the study and researcher at the Autonomous University of Yucatan (UADY). "I consider the preservation of the historical memory of the Mayan people to be important."
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Hybrid work is a 'win-win-win' for companies, workers | ScienceDaily
It is one of the most hotly debated topics in today's workplace: Is allowing employees to log in from home a few days a week good for their productivity, careers, and job satisfaction?


						
Nicholas Bloom, a Stanford economist and one of the foremost researchers on work-from-home policies, has uncovered compelling evidence that hybrid schedules are a boon to both employees and their bosses.

In a study, newly published in the journal Nature, of an experiment on more than 1,600 workers at Trip.com -- a Chinese company that is one of the world's largest online travel agencies -- Bloom finds that employees who work from home for two days a week are just as productive and as likely to be promoted as their fully office-based peers.

On a third key measure, employee turnover, the results were also encouraging. Resignations fell by 33 percent among workers who shifted from working full-time in the office to a hybrid schedule. Women, non-managers, and employees with long commutes were the least likely to quit their jobs when their treks to the office were cut to three days a week. Trip.com estimates that reduced attrition saved the company millions of dollars.

"The results are clear: Hybrid work is a win-win-win for employee productivity, performance, and retention," says Bloom, who is the William D. Eberle Professor of Economics at the Stanford School of Humanities and Sciences and also a senior fellow at the Stanford Institute for Economic Policy Research (SIEPR).

The findings are especially significant given that, by Bloom's count, about 100 million workers worldwide now spend a mix of days at home and in the office each week, more than four years after COVID-19 pandemic lockdowns upended how and where people do their jobs. Many of these hybrid workers are lawyers, accountants, marketers, software engineers and other with a college degree or higher.

Over time, though, working outside the office has come under attack from high-profile business leaders like Elon Musk, the head of Tesla, SpaceX, and X (formerly Twitter), and Jamie Dimon, CEO of JPMorgan Chase, who argue that the costs of remote work outweigh any benefits. Opponents say that employee training and mentoring, innovation, and company culture suffer when workers are not on site five days a week.




Blooms says that critics often confuse hybrid for fully remote, in part because most of the research into working from home has focused on workers who aren't required to come into an office and on a specific type of job, like customer support or data entry. The results of these studies have been mixed, though they tend to skew negative. This suggests to Bloom that problems with fully remote work arise when it's not managed well.

As one of the few randomized control trials to analyze hybrid arrangements -- where workers are offsite two or three days a week and are in the office the rest of the time -- Bloom says his findings offer important lessons for other multinationals, many of which share similarities with Trip.com.

"This study offers powerful evidence for why 80 percent of U.S. companies now offer some form of remote work," Bloom says, "and for why the remaining 20 percent of firms that don't are likely paying a price."

The research is also the largest to date of hybrid work involving university-trained professionals that relies on the gold standard in research, the randomized controlled trial. This allowed Bloom and his co-authors to show that the benefits they identify resulted from Trip.com's hybrid experiment and not something else.

In addition to Bloom, the study's authors are Ruobing Han, an assistant professor at The Chinese University of Hong Kong, and James Liang, an economics professor at Peking University and co-founder of Trip.com. Han and Liang both earned their PhDs in economics from Stanford.

The hybrid approach: Only winners

Trip.com didn't have a hybrid work policy when it undertook the 6-month experiment starting in 2021 that is at the heart of the study. In all, 395 managers and 1,217 non-managers with undergraduate degrees -- all of whom worked in engineering, marketing, accounting, and finance in the company's Shanghai office -- participated. Employees whose birthdays fell on an even-numbered day of the month were told to come to the office five days a week. Workers with odd-numbered birthdays were allowed to work from home two days a week.




Of the study participants, 32 percent also had postgraduate degrees, mostly in computer science, accounting or finance. Most were in their mid-30s, half had children, and 65 percent were male.

In finding that hybrid work not only helps employees, but also companies, the researchers relied on various company data and worker surveys, including performance reviews and promotions for up to two years after the experiment. Trip.com's thorough performance review process includes evaluations of an employee's contributions to innovation, leadership, and mentoring.

The study authors also compared the quality and amount of computer code written by Trip.com software engineers who were hybrid against code produced by peers who were in the office full-time.

In finding that hybrid work had zero effect on workers' productivity or career advancement and dramatically boosted retention rates, the study authors highlight some important nuances. Resignations, for example, fell only among non-managers; managers were just as likely to quit whether they were hybrid or not.

Bloom and his coauthors identify misconceptions held by workers and their bosses. Workers, especially women, were reluctant to sign up as volunteers for Trip.com's hybrid trial -- likely for fear that they would be judged negatively for not coming into the office five days a week, Bloom says. In addition, managers predicted on average that remote working would hurt productivity, only to change their minds by the time the experiment ended.

For business leaders, Bloom says the study confirms that concerns that hybrid work does more harm than good are overblown.

"If managed right, letting employees work from home two or three days a week still gets you the level of mentoring, culture-building, and innovation that you want," Bloom says. "From an economic policymaking standpoint, hybrid work is one of the few instances where there aren't major trade-offs with clear winners and clear losers. There are almost only winners."

Trip.com was sold: It now allows hybrid work company-wide.
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Significant increase in nitrous-oxide emissions from human activities, jeopardizing climate goals | ScienceDaily

The new report 'Global nitrous oxide budget (1980-2020)' is published in the journal Earth System Science Data. It is the most comprehensive accounting to date of nitrous-oxide emissions from human activities and natural sources.

It was led by researchers from Boston College in the US and involved an international team of scientists including researchers from the University of East Anglia (UEA), UK, under the umbrella of the Global Carbon Project. In total, the team was comprised of 58 researchers from 55 organizations in 15 different countries.

The report reveals that nitrous-oxide emissions from human activities have increased by 40 per cent (3 million metric tons of N2O per year) in the past four decades, resulting in accelerating atmospheric accumulation of this potent greenhouse gas. Observed atmospheric growth rates over the past three years (2020-2022) have been higher than any previous observed year since 1980, when reliable measurements began.

Like carbon-dioxide (CO2), nitrous-oxide is a long-lived greenhouse gas and contributor to climate change. It also plays an important role in the destruction of the stratospheric ozone layer, which protects the Earth from the Sun's harmful ultraviolet radiation.

The report reveals that the largest source of nitrous-oxide emissions from human activities comes from agricultural production -- this is attributed mainly to the use of commercial nitrogen fertilizers and the use of animal waste on croplands. In addition, the increased levels of nitrogen runoff from fields pollutes inland waters and rivers, and increases N2O emissions from lakes, ponds, and coastal ecosystems.

Agricultural emissions of nitrous-oxide reached 8 million metric tons in 2020 and contributed 74 per cent of the total N2O emissions from human activities in the last decade. Improved practices in agriculture involving the efficient use of nitrogen fertilizers and animal manure will help to reduce nitrous-oxide emissions and water pollution.




The report's lead author, Hanqin Tian, the Schiller Institute Professor of Global Sustainability at Boston College, said: "Nitrous oxide emissions from human activities must decline in order to limit global temperature rise to 2degC as established by the Paris Agreement. Reducing N2O emissions is the only solution since at this point no technologies exist that can remove N2O from the atmosphere."

The study draws on millions of N2O measurements taken during the past four decades, as well as on a combination of detailed models of the global nitrogen cycle in land-based systems, oceans and freshwater systems, and the atmosphere.

Prof Parv Suntharalingam, of UEA's School of Environmental Sciences, is the lead UK author and led on the ocean model component of the report. She said: "The significant growth in N2O emissions in recent years has resulted in observed atmospheric concentrations exceeding the most pessimistic scenarios used in recent IPCC assessments.

"N2O emissions from natural sources, such as the oceans and soils, have remained relatively stable over recent decades. This report highlights that human activities are the most important factor in the observed atmospheric increase, emphasizing the need for effective emissions reduction strategies."

The concentration of atmospheric N2O reached 336 parts per billion in 2022, a 25 per cent increase over pre-industrial levels that far outpaces predictions previously developed by the Intergovernmental Panel on Climate Change, said Prof Tian.

He added: "This emission increase is taking place when the global greenhouse gases should be rapidly declining towards net zero emissions if we have any chances to avoid the worst effects of climate change."

Some countries have seen success implementing policies and practices to reduce N2O emissions, according to the report. Emissions in China have slowed since the mid-2010s, as have emissions in Europe during the past few decades. In the US, agricultural emissions continue to creep up while industrial emissions have declined slightly, leaving overall emissions rather flat.




Established in 2001, The Global Carbon Project analyzes the impact of human activity on greenhouse gas emissions and Earth systems, producing global budgets for the three dominant greenhouse gases (carbon dioxide, methane, and N2O). These assessments of greenhouse gas emissions and sinks inform further research, policy, and international action.

"While there have been some successful nitrogen reduction initiatives in different regions, we found an acceleration in the rate of N2O accumulation in the atmosphere in this decade," said Global Carbon Project Executive Director Josep Canadell, who is also a research scientist at CSIRO, Australia's national science agency.

"The growth rates of atmospheric N2O in 2020 and 2021 were higher than any previous observed year and more than 30 per cent higher than the average rate of increase in the previous decade."

The researchers say there is a need for more frequent assessments so mitigation efforts can be targeted to high-emission regions and economic activities. An improved inventory of sources and sinks will also be required if progress is going to be made toward the objectives of the Paris Agreement.
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Female AI 'teammate' generates more participation from women | ScienceDaily
An artificial intelligence-powered virtual teammate with a female voice boosts participation and productivity among women on teams dominated by men, according to new Cornell University research.


						
The findings suggest that the gender of an AI's voice can positively tweak the dynamics of gender-imbalanced teams and could help inform the design of bots used for human-AI teamwork, researchers said.

The findings mirror previous research that shows minority teammates are more likely to participate if the team adds members similar to them, said Angel Hsing-Chi Hwang, postdoctoral associate in information science and lead author of the paper.

To better understand how AI can help gender-imbalanced teams, Hwang and Andrea Stevenson Won, associate professor of communication and the paper's co-author, carried out an experiment with around 180 men and women who were assigned to groups of three and asked to collaborate virtually on a set of tasks (the study only included participants who identified as either male or female).

Each group had either one woman or one man and a fourth agent in the form of an abstract shape with either a male or female voice, which would appear on screen and read instructions, contribute an idea and handle timekeeping. There was a catch -- the bot wasn't completely automated. In what's referred to in human-computer interaction as a "Wizard of Oz" experiment, Hwang was behind the scenes, feeding lines generated by ChatGPT into the bot.

After the experiment, Hwang and Won analyzed the chat logs of team conversations to determine how often participants offered ideas or arguments. They also asked participants to reflect on the experience.

"When we looked at participants' actual behaviors, that's where we started to see differences between men and women and how they were reacting when there was either a female agent or a male agent on the team," she said.

"One interesting thing about this study is that most participants didn't express a preference for a male- or female-sounding voice," Won said. "This implies that people's social inferences about AI can be influential even when people don't believe they are important."

When women were in the minority, they participated more when the AI's voice was female, while men in the minority were more talkative but were less focused on tasks when working with a male-sounding bot, researchers found. Unlike the men, women reported significantly more positive perceptions of the AI teammate when women were the minority members, according to researchers.

"With only a gendered voice, the AI agent can provide a small degree of support to women minority members in a group," said Hwang.
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Virtual reality as a reliable shooting performance-tracking tool | ScienceDaily
Virtual reality technology can do more than teach weaponry skills in law enforcement and military personnel, a new study suggests: It can accurately record shooting performance and reliably track individuals' progress over time.


						
In the study of 30 people with a range of experience levels in handling a rifle, researchers at The Ohio State University found that a ballistic simulator captured data on the shooters' accuracy, decision-making and reaction time -- down to the millimeter in distance and millisecond in time -- on a consistent basis.

In addition to confirming that the simulator -- called the VirTra V-100 -- is a dependable research tool, the findings could lead to establishing the first-ever standardized performance scores for virtual reality ballistics training.

"To our knowledge, we're the first team to answer the question of whether the simulator could be converted to an assessment tool and if it's credible to use it day-to-day," said Alex Buga, first author of the study and a PhD student in kinesiology at Ohio State.

"We've figured out how to export the data and interpret it. We've focused on the three big challenges of marksmanship, decision-making and reaction time to measure 21 relevant variables -- allowing us to put a report in a user's hand and say, 'This is how accurate, precise, focused and fast you are.'"

The study was published online June 6 in The Journal of Strength and Conditioning Research.

U.S. military leaders and law enforcement agencies have shown an interest in increasing the use of virtual reality for performance assessment, said Buga and senior study author Jeff Volek, professor of human sciences at Ohio State. Earlier this year, an Ohio Attorney General Task Force on the Future of Police Training in Ohio recommended incorporating virtual reality technology into training protocols.




Volek is the principal investigator on a $10 million U.S. Department of Defense grant focused on improving the health of military service members, veterans and the American public. As part of that initiative, the research team is investigating the extent to which nutritional ketosis reduces detrimental effects of sleep loss on cognitive and physical performance in ROTC cadets -- including their shooting ability as measured by the VirTra simulator. Verifying the simulator's results for research purposes triggered the attempt to extract and analyze its data.

"We were using it as an outcome variable for research, and we found that it has very good day-to-day reproducibility of performance, which is crucial for research," Volek said. "You want a sensitive and reproducible outcome in your test where there's not a lot of device or equipment variation."

Because the lab also focuses on human performance in first responders, researchers' conversations with military and law enforcement communities convinced Buga that data collected by the simulator could be more broadly useful.

"I created a few programs that enabled us to calculate the shooting data and produce objective training measures," he said. "This equipment is close to what the military and police use every day, so this has potential to be used as a screening tool across the country."

Users of the simulator operate the infrared-guided M4 rifle by shooting at a large screen onto which different digitally generated visuals are projected -- no headset required. The rifle at Ohio State has been retrofitted to produce the same recoil as a police or military weapon.

The study participants included civilians, police and SWAT officers, and ROTC cadets. Each was first familiarized in a single learning session with the simulator and then completed multiple rounds of three different tasks in each of three study performance sessions.




In the first task, participants fired at the same target a total of 50 times to produce measures of shooting precision. The decision-making assessment involved shooting twice within two seconds at designated shapes and colors on a screen displaying multiple shape and color choices. In the reaction-time scenario, participants shot at a series of plates from left to right as rapidly as possible.

Internal consistency ratings showed the simulator generated good to excellent test-retest agreement on the 21 variables measured.

All participants were well-rested and completed the study sessions at about the same time of day. Self-evaluations showed that participants' overall confidence about their shooting performance increased from their first to final sessions. They also rated the simulator as a realistic and a low-stress shooting assessment tool.

The low stress and well-rested conditions were important to establishing baseline performance measures, the researchers noted, which then would enable evaluating how injuries and other physical demands of first-responder professions affect shooting performance.

"This simulator could be used to assess the effectiveness of specific training programs designed to improve shooting performance, or to evaluate marksmanship in response to various stressors encountered by the same law enforcement and military personnel," Buga said. "These novel lines of evidence have enabled us to push the boundaries of tactical research and set the groundwork for using virtual reality in sophisticated training scenarios that support national defense goals."

Additional co-authors, all from Ohio State, included Drew Decker, Bradley Robinson, Christopher Crabtree, Justen Stoner, Lucas Arce, Xavier El-Shazly, Madison Kackley, Teryn Sapper, John Paul Anders and William Kraemer.
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We spend more with cashless payments | ScienceDaily
A study by researchers from the University of Adelaide has found that when using cashless methods of payment, individuals tend to spend more when purchasing.


						
University of Adelaide PhD Student Lachlan Schomburgk, who led the study, says the research found support for the existence of a positive "cashless effect," which is when consumers spend more when using cashless payment methods in comparison to cash.

The study suggests the cashless effect leads people to spend more when purchasing products that are typically used to signal status, such as jewellery. However, the effect was not observed when donating or tipping.

"Against our expectations, we found that cashless payments do not necessarily lead to greater tips or donations, in comparison to cash," says Schomburgk, who conducted the study with the University of Adelaide's Professor Arvid Hoffmann and Dr Alex Belli from the University of Melbourne.

"This indicates that traditional cash-based ways of collecting money, such as tipping jars and spiral wishing wells, are just as effective as cashless point-of-sale terminals to collect tips or donations."

Schomburgk says consumers should be mindful of the payment method they use to pay for goods or services, as this could help them spend less -- especially important in the current cost-of-living crisis.

"To prevent spending more than planned, we recommend consumers carry cash instead of cards whenever they can, as it acts as a self-control method," Schomburgk says.




"When using cash, people physically count and hand over notes and coins, making the act of spending more salient. If nothing is physically handed over, it's easy to lose track of how much is spent.

"The transition towards a cashless society seems almost inevitable. I believe this research is crucial because it shines a light on an overlooked aspect of this transition: how payment methods influence our spending behaviour. This understanding can help empower us to make more informed purchasing decisions."

The study, which was published in the Journal of Retailing, also provides useful insights for businesses and policymakers.

"Businesses should be aware that if they fail to embrace the cashless revolution, they might be unintentionally jeopardising their revenue potential," Schomburgk says.

"And policymakers should communicate to individuals unfamiliar with cashless transactions, such as people who don't have bank accounts, about the potential of cashless methods to lead to overspending."

Schomburgk says further research is important, with technological advancements giving rise to newer payment methods.




"Both buy-now-pay-later services and cryptocurrency payments have some unique features that are likely to have an interesting influence on payment behaviour," Schomburgk says.

"Given their novelty, there is currently limited academic research on both, which is where I believe future research is needed."

This research was conducted by analysing 71 published and unpublished research papers from 17 countries, including data from more than 11,000 unique participants.

"Through this meta-analysis, we identified key factors that make the cashless effect stronger or weaker, which individual studies could not find. By doing this, we uncovered new insights that had often been overlooked by other researchers in individual studies," Schomburgk says.
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Major milestone in cutting harmful gases that deplete ozone layer and worsen global warming | ScienceDaily
A new study has revealed significant progress in the drive to reduce levels in the atmosphere of chemicals that destroy Earth's ozone layer, confirming the success of historic regulations limiting their production.


						
The findings, led by the University of Bristol and published today in Nature Climate Change, show for the first time a notable decline in the atmospheric levels of potent ozone-depleting substances (ODS), called hydrochlorofluorocarbons (HCFCs). These HCFCs are also potent greenhouse gases, so a reduction should also lessen global warming.

The Montreal Protocol was agreed to internationally in 1987 to introduce controls on the production and usage of ODS, which were once widely used in the manufacture of hundreds of products, including refrigerators, aerosol sprays, foams and packaging.

HCFCs were developed as replacements for chlorofluorocarbons (CFCs). While production of CFCs has been banned globally since 2010, HCFC production and usage is still being phased out.

Lead author Dr Luke Western, Marie Curie Research Fellow at the University's School of Chemistry, said: "The results are very encouraging. They underscore the great importance of establishing and sticking to international protocols.

"Without the Montreal Protocol, this success would not have been possible, so it's a resounding endorsement of multilateral commitments to combat stratospheric ozone depletion, with additional benefits in tackling human-induced climate change."

The international study shows the total amount of ozone depleting chlorine contained in all HCFCs peaked in 2021. Because these compounds are also potent greenhouse gases, their contribution to climate change also peaked in that year. This maximum occurred five years before the most recent predictions. Although the drop between 2021 and 2023 was less than 1%, it still shows HCFC emissions are heading in the right direction.




Dr Western said: "Their production is currently being phased out globally, with a completion date slated for 2040. In turn these HCFCs are being replaced by non-ozone depleting hydrofluorocarbons (HFCs) and other compounds. By enforcing strict controls and promoting the adoption of ozone-friendly alternatives, the protocol has successfully curbed the release and levels of HCFCs into the atmosphere."

The results rely on high-precision measurements at globally distributed atmospheric observatories, using data from the Advanced Global Atmospheric Gases Experiment (AGAGE) and the National Atmospheric and Oceanic Administration (NOAA).

"We use highly sensitive measurement techniques and thorough protocols to ensure the reliability of these observations," said co-author Dr Martin Vollmer, an atmospheric scientist at the Swiss Federal Laboratories for Materials Science and Technology (EMPA).

Co-author Dr Isaac Vimont, a research scientist at the NOAA in the United States, added: "This study highlights the critical need to be vigilant and proactive in our environmental monitoring, ensuring other controlled ozone depleting and greenhouse gases follow a similar trend which will help to protect the planet for future generations."
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Unregulated sales of a toxic and hallucinogenic mushroom endanger public health | ScienceDaily
Americans' interest in a potentially harmful "magic mushroom" is soaring, with Google searches skyrocketing 114 percent from 2022 to 2023, according to a new study by researchers at the University of California San Diego Herbert Wertheim School of Public Health and Human Longevity Science. In a paper published in the American Journal of Preventive Medicine, the scientists suggest that the growing market for Amanita muscaria may be sparked in part by emerging clinical research supporting the safety and efficacy of psilocybin as a treatment for depression.


						
Like psilocybin mushrooms, Amanita muscaria mushrooms have psychotropic effects. These include a feeling of weightlessness, visual and auditory hypersensitivity, space distortion, unawareness of time, and colored hallucinations. The psychotropic effects are produced by compounds that naturally occur in the mushroom called muscimol and ibotenic acid, its biosynthetic precursor.

However, in addition to being psychotropic, these compounds can also be more toxic than fentanyl, cocaine, and PCP, according to the scientists' review of estimates from published mouse studies. Nevertheless, gummies and chocolates containing these compounds are being marketed with health-related claims such as mitigation of anxiety, depression, and other conditions, often by vague references to clinical studies related to psilocybin, which is not as toxic and produces different psychotropic effects.

"There is a lot of interest in the therapeutic potential for psilocybin and for good reason. But at the same time, a growing industry may be trying to capitalize on this interest by marketing other mushrooms. For example, some manufacturers are calling Amanita muscaria products 'magic mushroom gummies' and not disclosing what mushroom they contain, or not making it clear Amanita muscaria is a different mushroom than psilocybin and has essentially no clinical evidence supporting its use as a therapy," said Eric Leas, Ph.D., M.P.H., assistant professor in the UC San Diego Herbert Wertheim School of Public Health and Human Longevity Science and senior author on the paper.

Psilocybin and muscimol work in different ways. Psilocybin is an antidepressant that primarily binds to serotonin receptors, activating a neural pathway that mediates happiness and optimism. Amanita muscaria however is a depressant, similar to alcohol and benzodiazepines, which suppress the central nervous system. Leas believes that marketing Amanita muscaria as a psilocybin-type product violates consumers' right to informed consent.

"There may be some pharmaceutical potential to Amanita muscaria, but muscimol does not have the same effects on the body as psilocybin, so it probably would not have the same treatment applications if it ever went through drug development. For this reason, it is misleading not to clearly distinguish between muscimol and psilocybin. If someone is consenting to a psychedelic experience, they have a right to know what substance they are taking and receive accurate information about its potential health benefits and health risks."

False marketing may be enabled by lack of federal regulation of Amanita muscaria. Under the 1970 Controlled Substances Act, psilocybin is a Schedule 1 drug, making its manufacture, distribution, import/export, possession and use illegal. In 2017, the FDA designated psilocybin as a "breakthrough therapy" and in 2023 loosened restrictions to allow drug developers and scientists to conduct clinical trials with psilocybin, including some that are taking place at UC San Diego. Nevertheless, it continues to be a Schedule 1 controlled substance, and, therefore its use is disallowed out of the context of clinical trials.




Not so for Amanita muscaria. Although there are several published case studies of hospitalizations and deaths resulting from Amanita muscaria consumption, to date it is not included on a Controlled Substances list (except for the State of Louisiana, where sales are restricted). However, it is often marketed as a dietary supplement, products covered by regulations enforced by the U.S. Food and Drug Administration and the Federal Trade Commission.

"We have found that many manufacturers use supplement labeling, including 'Supplement Facts' panels," said Leas. "However, there is a process for bringing a supplement to market that involves presenting safety data and filing an application, and we cannot find any evidence that any of these manufacturers have gone through this process, and this makes the current products sold in this manner illegal.

"In my view, if a manufacturer wanted to develop a dietary supplement from Amanita muscaria, the application probably would not be approved because of muscimol and ibotenic acids' inherent risks," he added. "But right now it is the 'Wild West,' and companies are profiting from delayed enforcement while putting consumers at risk."

The authors are making several general recommendations. The most restrictive would be to put Amanita muscaria on the Controlled Substances list, where it could first be evaluated for its medical potential and abuse liability before it is widely sold. However, if Amanita muscaria is not placed on a drug schedule, they recommend commonsense precautions, such as setting age restrictions, accurate dosing standards, childproof packaging, and marketing aimed at adults rather than children, all now required for legal sales of recreational cannabis. The authors would also like to see mental health professionals help their patients distinguish between psilocybin and Amanita muscaria.

The authors' key takeaway is that "companies who are making these products are pushing the limits of our regulations. They are getting away with making a buck until someone tells them they can't. Given the substantial risks associated with using Amanita muscaria products, it is a buyer beware marketplace where consumers are at risk and are not accurately informed. The time for a public health first response is now."

Co-authors include: Nora Satybaldiyeva, Wayne Kepner, Kevin H. Yang, Raquel M. Harati, Jamie Corroon, and Matthieu Rouffet, of UC San Diego.

The work is supported in part by grant T32IP4684 from the California Tobacco Related Disease Research Program and grant K01DA054303 from the U.S. National Institute on Drug Abuse.
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Case studies show how quasi-governmental organizations could strengthen climate adaptation governance | ScienceDaily
The politicization of climate issues and the unsynchronized efforts of stakeholders are hindering the effectiveness of climate adaptation governance in the U.S. According to a new study published by Princeton researchers, the design characteristics of quasi-governmental organizations (QGOs) could provide insights on how to depoliticize climate information sources and foster multi-level stakeholder coordination.


						
Quasi-governmental organizations are entities that have a combination of public and private characteristics, utilizing both for-profit and not-for-profit modes of operation. Though these organizations already play a role in overcoming non-climatic governance challenges -- e.g. providing apolitical management in municipal utility services, or resolving port development policy conflict between states -- there are few studies that look at how the design of quasi-governmental organizations could be used for climatic purposes.

"The literature on quasi-governmental organizations is sparse -- we know little about how their design characteristics vary and what this implies for their ability to overcome governance challenges," explains lead author Paul Nix, a Ph.D. student at Princeton's School of Public and International Affairs. "Consequently, there is a significant research gap on QGOs that limits our ability to assess the U.S.' projected institutional capacity to address climate adaptation."

To close this gap in the literature, Paul Nix, Adam Goldstein, and Michael Oppenheimer examined six QGO case studies from a variety of fields and with varying organizational structures. Some of the key characteristics they studied for each organization included the structure and operation of their board of directors, board composition (i.e. public vs. private sector members), and the financial resources available to the organization.

"The landscape of institutions in the climate adaptation domain is rich," says Nix. "Scholars have given much attention to emergent and experimental partnerships of different public and private sector actors, as well as to those actors individually. What makes QGOs unusual is that they sit in the space between the public and private sectors by simultaneously embodying characteristics of both."

The results suggest that some quasi-governmental organizations are useful for overcoming politicization or for fostering multi-level stakeholder coordination, but none of the organizations examined in this study proved optimal for both at the same time.

For example, the researchers studied the San Francisco Bay Conservation and Development Commision (SFBCDC) and found that its diverse board of public and private actors would be the ideal circumstance for bringing stakeholders together, but it was likely politicized from past conflicts with local and state politicians. The Regents of the University of California (UC) provides a case with the opposite dynamic. The large size of their board and wide range of financial resources make their decision-making process less amenable to the political influence of a single person or organization. However, the UC Regents is not composed of as wide of a variety of decision-makers and stakeholders as the SFBCDC.

"Our data suggests the socio-political context quasi-governmental organizations emerge from bears a mark on how legislators design these organizations," says Nix. "However, we don't yet fully understand legislators' decision-making process with respect to this design, and therefore it's hard to determine why some of our cases are either better at depoliticizing policy or fostering stakeholder coordination. More research is needed."

Though more data is needed to fully understand how climate policy decisions would be impacted under quasi-governmental designs, co-author Michael Oppenheimer makes it clear that simply improving upon existing institutions is not likely to solve nuanced and complex climate issues.

"The climate problem and its solutions are so pervasive and complex that we need not merely improved responsiveness from existing institutions," says Michael Oppenheimer, director of the Center for Policy Research on Energy and the Environment and Albert G. Milbank Professor of Geosciences and International Affairs and the High Meadows Environmental Institute. "Society must innovate by building new institutions like quasi-governmental organizations that can respond more quickly and effectively as new threats from climate change continually emerge over coming decades."
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Researchers use 3D visualization to predict, prevent hurricane damage | ScienceDaily
Beginning annually on June 1, hurricane season poses a major threat to Texas coastal communities, causing both physical and financial damage to the areas they hit. This damage can be staggering; when Hurricane Harvey hit in 2017, it cost Galveston $132.73 billion in damages. Texas A&M University researchers have collaborated to understand the impacts of storm surge floods before they occur to potentially reduce the level of damage. Their study was published in "Urban Informatics."


						
The researchers have implemented 3D visualization technology to identify the potential outcomes of hurricane flooding before it occurs. According to researchers, severe weather has been increasing over the last several years due to global climate change. If severe storms and flooding continue to increase in the future, implementing 3D visualization based on real-time weather forecasts could result in improved safety and less damage-inflicted costs.

The 3D modeling technique also allows researchers to examine the effects of damage-preventing infrastructure, such as the proposed Galveston "Ike Dike," a dike designed to shield Galveston Island from future storm surge and flood events.

Using Galveston Island as an example, researchers used 3D visualization to model the damage that would occur to residential buildings as a result of hurricanes of varying intensities. They also modeled damage with preventative infrastructure -- the "Ike Dike" -- in place.

An advantage of 3D visualization over other damage modeling methods is that it allows researchers to model specific buildings, accounting for basements, back entrances, and windows. By identifying a residential building's first-floor elevation level, researchers can predict the physical and financial damage that a hurricane will cause to the specific building.

"3D visualization of hurricanes and storm surges allows us to understand how flooding will impact our coastal communities by allowing us to vividly see how each building and road might be impacted by a given flood," said Dr. Xinyue Ye, the Harold Adams Endowed Professor of Landscape Architecture and Urban Planning and affiliated faculty member in the Department of Computer Science and Engineering, the Department of Multidisciplinary Engineering, the Department of Geography, and the Section of Visual Computing & Interactive Media.

Faculty collaborators on the project include Dr. David Retchless, associate professor in the Department of Marine and Coastal Environmental Science at Texas A&M University at Galveston, Dr. Galen Newman, professor and head of the Department of Landscape Architecture and Urban Planning and the Nicole and Kevin Youngblood Professor of Residential Land Development at Texas A&M, and Dr. Nick Duffield, the Royce E. Wisenbaker Professor I in the Department of Electrical and Computer Engineering and director of the Texas A&M Institute of Data Science.




Critical Information For Homeowners

Since 3D visualization highlights the potential damages hurricane flooding may cause, it can give homeowners a better understanding of what to invest in as far as insurance and preventative infrastructure. This technology also creates an increased community awareness around potential outcomes of hurricanes and flooding.

"Having used Galveston as an example, the next step would be to expand that to other coastal communities in Texas," Ye noted. "In this study, we mainly used residential houses, but we can expand it to other business properties as well."

Effective use of 3D models can protect Texas residents. By implementing this technology on other coastal communities or community buildings, such as schools and stores, researchers can help residents and officials create a plan for hurricane season. As real-time weather forecasts are implemented into the models, researchers may be able to determine when evacuation is necessary and use this data to alert residents.

"3D visualization serves as a universal language, bridging diverse disciplines and fostering communication between academia and the general public," said Ye, who also serves as the director of the Texas A&M Center for Geospatial Sciences, Applications, and Technology and the founding director of Urban AI Lab at the Texas A&M Institute of Data Science.

Duffield adds that this project shows how the work at the intersection between geospatial data science and visualization can raise awareness for individuals, communities and government on the consequences of extreme weather and make informed planning decisions for responses.

This study combines the expertise of researchers in multiple fields, including computer engineering, landscape architecture, urban planning, geography, and marine and coastal environmental science. The positive impacts of this research highlight the importance of collaboration between computational science and domain-specific disciplines.
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Upstream and downstream: River study highlights cross-country inequities | ScienceDaily
A new research commentary led by Griffith University researchers highlights inequities between downstream and upstream countries that share the same watershed.


						
The study outlines how international agreements can better address shared resource problems and call for greater collaboration and coordination between these international neighbours.

Dr Caitlin Kuempel and Dr Andres Felipe Suarez-Castro, from Griffith's Australian Rivers Institute, looked at 'transboundary watersheds' -- i.e. main river basins that cross multiple country borders -- to determine how sediment export produced in one country could reach neighbouring countries downstream.

"Global biodiversity targets have encouraged national conservation efforts to protect natural resources. However, biodiversity loss and its causes -- such as poor water quality -- do not follow human-made borders," Dr Kuempel said.

Transboundary watersheds are widespread globally, with some watersheds crossing upwards of 13 countries.

The research team identified approximately 1,050 transboundary watersheds globally. More than 85% (193 of 226) of countries overlapped with a transboundary watershed, and in >25% of countries (58) all watersheds were transboundary.

"This highlights the need for strong management partnerships to share the costs and benefits of actions across country borders."

Across 112 of transboundary watersheds identified, more than 70% of sediments were produced in a different country than the country where the sediment was discharged into the receiving water bodies.




Sediment from 117 (41% of 286) of these watersheds may reach coastal environments where pollutants may again travel across invisible geographical boundaries such as Exclusive Economic Zones (EEZ).

In 118 countries with land-sea run-off, more than 10% of sediments released from coastal pourpoints entered another country's EEZ.

"We estimate that over 500 Mt (36%) of sediment released into coastal waterways travelled across multiple EEZs," Dr Suarez-Castro said.

"This is an example of land use practices in one country that may cause downstream impacts in another country.

This research focused on watershed management practices, however the authors note that transboundary environmental issues span across ecosystems that create complex problems across various political and regulatory boundaries

The researchers recommended that for global conservation agreements to succeed, governments and institutions must coordinate and collaborate across these borders.

They suggest the Convention on Biological Diversity Kunming-Montreal Global Biodiversity Framework (GBF) could be leveraged to support and incentivise solutions to complex shared resource challenges and provide specific conservation targets that could be used to incentivize and finance action.

The GBF should support and collaborate with the UN Sustainable Development Goal (SDG) 6.5 to further motivate widespread reporting on transboundary indicators and promote stakeholder engagement across jurisdictions.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240610140327.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Peers crucial in shaping boys' confidence in math skills | ScienceDaily
Boys are good at math, girls not so much? A study from the University of Zurich has analyzed the social mechanisms that contribute to the gender gap in math confidence. While peer comparisons seem to play a crucial role for boys, girls' subjective evaluations are more likely to be based on objective performance.


						
Research has shown that in Western societies, the average secondary school girl has less confidence in her mathematical abilities than the average boy of the same age. At the same time, no significant difference has been found between girls' and boys' performance in mathematics. This phenomenon is often framed as girls not being confident enough in their abilities, or that boys might in fact be overconfident.

This math confidence gap has far-reaching consequences: self-perceived competence influences educational and occupational choices and young people choose university subjects and careers that they believe they are talented in. As a result, women are underrepresented in STEM (science, technology, engineering, math) subjects at university level and in high-paying STEM careers.

Peer processes provide nuanced insights into varying self-perceptions

A study from the University of Zurich (UZH) focuses on a previously neglected aspect of the math confidence gap: the role of peer relationships. "Especially in adolescence, peers are the primary social reference for individual development. Peer processes that operate through friendship networks determine a wide range of individual outcomes," said the study's lead author Isabel Raabe from the Department of Sociology at UZH. The study analyzed data from 8,812 individuals in 358 classrooms in a longitudinal social network analysis.

As expected, the main predictor of math confidence is individual math grades. While girls translated their grades -- more or less directly -- into self-assessment, boys with below-average grades nevertheless believed they were good at math.

Boys tend to be overconfident and sensitive to social processes

"In general, boys seem to be more sensitive to social processes in their self-perception -- they compare themselves more with others for validation and then adjust their confidence accordingly," Raabe explains. "When they were confronted with girls' self-assessments in cross-gender friendships, their math confidence tended to be lower." Peers' self-assessment was less relevant to girls' math confidence. Their subjective evaluation seemed to be driven more by objective performance.

Gender stereotypes did not appear to have negative social consequences for either boys or girls. "We found that confidence in mathematics is often associated with better social integration, both in same-sex and cross-sex friendships," said Raabe. Thus, there was no evidence of harmful peer norms pressuring girls to underestimate their math skills.

The results of the study suggest that math skills are more important to boys, who adjust their self-assessment in peer processes, while math confidence does not seem to be socially relevant for girls.
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Interventions against misinformation also increase skepticism toward reliable sources | ScienceDaily
Efforts to tackle false information through fact-checking or media literacy initiatives increases the public's skepticism toward "fake news." However, they also breed distrust in genuine, fact-based news sources, a UZH-led study using online survey experiments in the US, Poland and Hong Kong shows.


						
Studies have shown that few people actually come across false information in their day-to-day lives. And yet, concerns about the harm "fake news" may do have increased in recent years. High-profile events such as the Capitol Riots, vaccine-hesitancy during the COVID-19 pandemic and the war in Ukraine have fueled these concerns. At the same time, fact-checking initiatives are on the rise. Major news platforms like BBC and CNN have incorporated fact-checking into their regular offerings, while media literacy campaigns have flourished, with programs designed to educate the public on how to make sense of what is true and false.

A study conducted by the Universities of Zurich, California and Warsaw now shows that these efforts have given rise to an unintended paradox: the very tools used to combat misinformation are fomenting distrust in all news, including from reliable sources.

Interventions foster a broader sense of doubt

The researchers conducted three online survey experiments involving 6,127 participants in the US, Poland and Hong Kong to test the effectiveness of three corrective strategies currently used to combat misinformation -- fact-checking, media literacy initiatives and dedicated news reporting -- and compared them with three alternative strategies. The idea of the redesigned strategies was to foster a critical, yet not overly skeptical, engagement with information. For instance, rather than focusing on whether news is either true or false, one of the redesigned strategies emphasized understanding political biases in news reporting.

The study revealed that the traditional tools as well as the alternative strategies used to debunk myths foster a broader sense of doubt among the public, even toward legitimate information. The redesigned strategies did not significantly outperform traditional tactics in improving the public's ability to distinguish fact from fiction, although they were slightly better at doing so.

Weighing up potential gains and harms

"Public discourse on fake news not only increases skepticism toward false information but also erodes trust in reliable news sources, which play a key role in functioning democracies," says first author Emma Hoes. According to the UZH political scientist, the potential gains from reducing misperceptions must be carefully weighed against the broader implications of heightened skepticism. "This is particularly the case in many Western democracies, where reliable, fact-based news is fortunately still much more common than misinformation," she says.

Hoes and her fellow researchers therefore call for a deeper overhaul of current approaches to misinformation and the need to develop nuanced strategies. "The path forward is to educate the public on discerning facts with a critical eye, but without leading them to dismiss otherwise reliable information and sources outright."
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Benefits of failure are overrated | ScienceDaily
The platitude that failure leads to success may be both inaccurate and damaging to society, according to research published by the American Psychological Association.


						
Researchers conducted 11 experiments with more than 1,800 participants across many domains and compared national statistics to the participants' responses. In one experiment, participants vastly overestimated the percentage of prospective nurses, lawyers and teachers who pass licensing exams after previously failing them.

"People expect success to follow failure much more often than it actually does," said lead researcher Lauren Eskreis-Winkler, PhD, an assistant professor of management and organizations at Northwestern University. "People usually assume that past behavior predicts future behavior, so it's surprising that we often believe the opposite when it comes to succeeding after failure."

In some experiments, participants wrongly assumed that people pay attention to their mistakes and learn from them. In one field test, nurses overestimated how much their colleagues would learn from a past error. The research was published online in the Journal of Experimental Psychology: General.

"People often confuse what is with what ought to be," Eskreis-Winkler said. "People ought to pay attention and learn from failure, but often they don't because failure is demotivating and ego-threatening."

While telling people they will succeed after failure may make them feel better, that mindset can have damaging real-world consequences, Eskreis-Winkler said. In one experiment, participants assumed that heart patients would embrace healthier lifestyles when many of them don't.

"People who believe that problems will self-correct after failure are less motivated to help those in need," Estreis-Winkler said. "Why would we invest time or money to help struggling populations if we erroneously believe that they will right themselves?"

However, people may recalibrate their expectations when given information about the negligible benefits of failure. In two experiments, participants were more supportive of taxpayer funding for rehabilitation programs for former inmates and drug treatment programs when they learned about the low rates of success for people using those programs.

"Correcting our misguided beliefs about failure could help shift taxpayer dollars away from punishment toward rehabilitation and reform," Eskreis-Winkler said.
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Online professional education works for complex topics | ScienceDaily
Online education is effective for teaching complicated topics like quantum information science (QIS) to high school science educators, according to a new paper by University of Texas at Arlington researchers published in The Physics Teacher.


						
"COVID-19 forced educators to adjust their educational best practices to an unfamiliar virtual classroom, and professional development was no different," said Karen Jo Matsler, assistant professor in practice for UTeach at UTA and lead author on the study.

Ramon Lopez, professor of physics, was coprincipal investigator on the project. Chandralekha Singh from the University of Pittsburgh was a co-author.

QIS is a new field of science and technology that combines physical science, math, computer science and engineering, and it is key to everyday items like cellphones and solar technology. However, most high schools don't teach the subject, preventing students from acquiring the skills they need to pursue lucrative jobs.

As part of a $1 million grant from the National Science Foundation in 2021, Matsler and her colleagues aimed to teach QIS to high school science teachers, who could then bring this newly acquired knowledge to their classrooms.

"However, the pandemic made us scrap our original plans for in-person training to an online environment," Matsler said. "We knew that teaching QIS online would be challenging, but we were pleasantly surprised how well it worked."

Matsler, Lopez and the team found that what worked best for teaching QIS online was sending participants some of the material in advance to allow them to become familiar with the topics. Then during the sessions, the educators used Zoom -- with features such as chat, polling and breakout rooms -- to keep the individuals engaged in learning. They also led activities where the learners had a chance to practice teaching the material, another technique that helped individuals stay engaged.




To avoid cognitive overload, the team found main discussions needed to be kept at 15 to 30 minutes, each with breakout sessions lasting five to seven minutes, with a total session time of about 90 to 120 minutes.

"This gave participants ample opportunities to discuss the quantum concepts in small groups varying from two to six participants," Matsler said. "During these small discussions, leaders rotated in and out of the rooms to check on the participants, clarify instructions and answer questions."

The instructors also recommend "icebreaker" activities to increase community engagement in virtual learning.

"These icebreaker activities can easily be used to engage students, take attendance and gauge how much the individuals know about the upcoming subject lesson," Matsler said. "A key element to all of this online learning is making sure the learners feel they are in a safe community to learn and exchange ideas."

The team also found that short, relevant videos helped teach complicated topics. They recommend keeping the chat function operational during videos to allow participants to ask questions and stay engaged.

"Ideally, QIS is taught in a classroom with hands-on activities to allow learners to see and touch how things like maglev trains and quantum levitation work," Matsler said. "However, our experiences show that embedding appropriate pedagogy and content with online learning can be effective at teaching these topics. Understanding there is an effective virtual option is important as the country ramps up its efforts to accelerate quantum research and development to stay competitive with other countries in this field."
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Basic income can double global GDP while reducing carbon emissions | ScienceDaily
Giving a regular cash payment to the entire world population has the potential to increase global gross domestic product (GDP) by 130%, according to a new analysis published June 7 in the journal Cell Reports Sustainability. Researchers suggest that charging carbon emitters with an emission tax could help fund such basic income program while reducing environmental degradation.


						
"We are proposing that if we can couple basic income with environmental protection, we can save two birds with one stone," says first author U. Rashid Sumaila of the University of British Columbia in Vancouver.

Sumaila has been working on ending harmful fishery subsidies worldwide, but many people who rely on fisheries for their livelihoods, especially those in developing countries, say they need the subsidies to support their families. "One of the ways we can deal with this is to give the people basic income. With that, we could achieve sustainability goals without compromising people's livelihoods," he says.

The research team estimated that it would cost $41 trillion to provide the entire world population of 7.7 billion people with a basic income, or $442 billion to fund only 9.9 million people living below the poverty line in less developed countries. In return, giving basic income to the entire world population could boost the global GDP by $163 trillion, which is about 130% of the current GDP.

Every dollar spent on implementing basic income can generate as much as $7 in economic impacts, the analysis shows. "If you give someone one dollar, they will spend part of the money to buy food or pay rent. And people that are paid for the food and accommodation will use part of this for their own consumption and so on. The dollar will trickle up throughout society. Our calculations show that the economic impact of that dollar will be much greater than its original amount," Sumaila says.

The team also explored ways to fund basic income. They estimated that taxing CO2 emitters alone can generate about $2.3 trillion a year, enough to provide a basic income for all people living below the poverty line in less developed countries.

The researchers also suggested other alternative options to finance basic income programs, such as a plastic pollution tax or redirecting harmful oil, gas, agriculture, and fisheries subsidies to fund the program. These approaches can address two of the biggest challenges around the world -- reducing environmental degradation and alleviating poverty.




Real world examples have shown the benefits of basic income programs. For example, in Indonesia, villages that received a basic income have substantially lower deforestation rates than those without it.

"It's not easy to implement carbon taxes, but that doesn't stop our academics from reporting the evidence we have. Besides, we are not taxing everyone, just those who pollute the environment. They should pay for the damage they caused," Sumaila says.

Basic income can also be a proactive program, Sumaila says. When crises like pandemics or natural disasters hit, communities can be more resilient.

"We saw during COVID-19, governments around the world were coming up with all sorts of programs to support people who suddenly lost their ability to earn income. If we had basic income in place, we didn't have to scramble," Sumaila says.
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Secure access to food and water decreasing for US children | ScienceDaily
Between 2005 and 2020, the number of children facing simultaneous water and food insecurity in the United States more than doubled. Additionally, Black and Hispanic children were several times more likely than white children to experience food and water insecurity at the same time. This is according to new research by Asher Rosinger, associate professor of biobehavioral health and anthropology at Penn State, and Sera Young, associate professor of anthropology at Northwestern University.


						
In a study published today (June 7) in Nature Water, the researchers examined water insecurity, food insecurity and their simultaneous occurrence among children in the United States. The researchers analyzed data from 18,252 children using the National Health and Nutrition Examination Survey (NHANES), a nationally representative assessment of health and nutrition conducted annually since 1999 and sporadically since the 1960s.

Water insecurity or food insecurity -- the lack of consistent, safe access to food or water -- can be devastating to healthy growth, according to the researchers. Water insecurity has been linked to problems with mental health, physical health, nutrition and economic well-being. Food insecurity has been associated with mental health issues, diabetes, poor nutrition, obesity, cardiovascular disease and premature death.

Around the world, food and water insecurity are often driven by poverty, inadequate access to resources and climate-related issues, according to the researchers. In high-income nations like the United States, food and water insecurity can be triggered by a range of circumstances, including sudden income loss, familial instability or infrastructure problems. Though much more common at lower income levels, the researchers said that water and food insecurity occur far more often than expected in the U.S.

A growing concern

In 2005-06, 4.6% of all children in the United States experienced both water and food insecurity. By the 2017-2020 survey cycle, the researchers found that the percentage of children nationwide who faced both problems rose to 10.3%.

Over the course of the 20th century, rates of both food insecurity and water insecurity improved overall, according to Rosinger, who leads the Penn State College of Health and Human Development Environmental Health Sciences Program and directs the Water, Health and Nutrition Lab. During the period of this study, however, the researchers found a steady, gradual increase in household food insecurity.




Water insecurity fluctuated between 2005 and 2013. Then the 2013 water crisis in Flint, Michigan, made national news. Between 2013 and 2020, the odds of water insecurity -- as measured by whether children avoided drinking their tap water -- rose by 88%.

Water and food problems are inherently connected, according to the researchers. The authors' previous work demonstrated the connection between water and food insecurity in adults, and this paper demonstrated that children who avoided tap water had a higher probability of experiencing food insecurity as well.

Avoiding tap water is associated with other problems that can negatively affect food and water intake, Rosinger said. People who avoid tap water are less likely to cook nutritious food for their children because they lack a trusted water source in their kitchen taps. People who avoid tap water also consume higher levels of sugary beverages. Additionally, they may have less money for nutritious food because they are purchasing bottled water, which is far more expensive.

"Nearly one in 10 children were experiencing household food insecurity and avoiding their tap water by 2020, and we know that the COVID-19 pandemic only made food insecurity more pervasive," Rosinger said. "That means millions of children in this country are facing potential negative consequences for their mental health, physical health and economic futures."

Large racial disparities 

Compared to the national average, the numbers among Hispanic children are much higher, according to the researchers. Their results showed that Black children were 3.5 times more likely than white children to experience simultaneous food and water insecurity. Hispanic children, meanwhile, were over seven times more likely than white children to experience simultaneous food and water insecurity.




Though availability of safe, reliable water access is a critical part of water security, trust of tap water is also a factor, both for children and their parents. The researchers said that when parents do not trust the water, they are less likely to give it to their children for fear it will make them sick.

"Most people are aware that Flint, Michigan, experienced a crisis related to unsafe tap water, and Flint is a majority Black community," Rosinger said. "Since then, there have been other highly visible problems with water systems in majority-minority communities like Newark in New Jersey and Jackson in Mississippi. When you see on the news that people who look like you are getting sick from tap water, it can amplify mistrust. Additionally, minoritized populations often have poorer access to services, especially people who live in low-income communities."

Rosinger described reports that people with brown water coming out of their taps were told it was safe to drink.

"But smell, taste and color affect whether people trust their water," he said. "This mistrust is rational and needs to be addressed."

Understanding water insecurity

The NHANES data included measures of food insecurity, but water insecurity was not directly assessed in the survey. To understand when children faced water insecurity, the researchers found a variable that functioned as a proxy for water insecurity -- tap water avoidance. Rosinger 's previous research demonstrated that tap water avoidance can provide a window into understanding water insecurity.

"At all income levels except the very lowest, children were more likely to experience food insecurity when they did not drink tap water," Rosinger said. "We saw the biggest effect for children in low income and lower-middle income households, but even in households that earned incomes several times the national poverty level, children were more likely to face food insecurity if they did not drink tap water."

Children in households below the poverty line had very high probability of experiencing food insecurity whether they drank tap water or not, according to the analyses.

The researchers said that worldwide water insecurity is expected to increase in the coming years due to pressure from climate change, population growth and aging infrastructure. Though they said tap water avoidance data is useful, they believe that directly measuring water insecurity experiences is important.

"We cannot manage what we cannot measure," Young said. "The first step is to understand the extent of the problem. Tap water avoidance is a great proxy of water insecurity, but it is abundantly clear that we need a better understanding of who is experiencing hardships and the extent of those difficulties."

Moving forward

Despite the lack of a direct measure of water insecurity in the U.S., the researchers agreed that much can be done right now to address water and food security in the nation. They said that government programs like the Special Supplemental Nutrition Program for Women, Infants and Children (WIC) and Supplemental Nutrition Assistance Program (SNAP), which have been shown to reduce food insecurity, could be expanded.

"Right now, many people in the U.S. equate the existence of water infrastructure with being water secure," Young said. "But piped water can be unaffordable, contaminated, dried up or otherwise not available. And let us not forget that there are millions of people in the U.S. living without piped water."

The researchers said that policy changes could reverse the trend of growing water insecurity. They said that other researchers have found that providing water filters to Hispanic families reduces distrust of tap water, resulting in increased tap water consumption and reduced reliance on bottled water. The researchers also advocated for in-home water testing to assess water safety.

"While there are a couple million people without safe, reliable drinking water, 99% of U.S. households have access to water through a pipe in their home, and the vast majority of that water is clean and drinkable," Rosinger said, noting that the U.S. has one of the best water distribution systems in the world. "To rebuild trust in this system, we should provide testing to show that water is safe. We should replace lead service lines and provide filters where water is not safe. These actions will help ensure that our nation's children have access to the clean water they need to grow and thrive and that their families do not suffer extra financial and mental stress because of uncertain water quality."

The Eunice Kennedy Shriver?National Institute of Child Health and Human Development and the Penn State Population Research Institute -- supported by the Social Science Research Institute -- funded this study.
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How $4 billion funded the unprecedented COVID-19 pandemic response | ScienceDaily
New University of Virginia School of Medicine research is shedding light on how federal funding helped scientists understand the COVID-19 virus, develop new treatments and deploy lifesaving vaccines in record time.


						
The UVA Health researchers used advanced "machine learning" -- a form of artificial intelligence -- to analyze the thousands of scientific publications that resulted from the National Institutes of Health's deployment of more than $4 billion to combat the pandemic. This analysis allowed the researchers to categorize the types of research the money supported and determine how and where the funding was used to launch clinical trials of treatments and vaccines.

"The COVID-19 pandemic presented an unprecedented public-health challenge. The scientific community needed to rapidly act to come up with solutions to not only combat the virus but understand how we can prevent something like this from happening again," said Taison D. Bell, MD, of UVA Health's Division of Pulmonary and Critical Care Medicine and Division of Infectious Diseases and International Health. "The NIH is the largest public funder of biomedical research, so we believe it was vital to study how $4 billion of NIH funding was allocated and used during the pandemic."

Acting Fast Amid the COVID-19 Pandemic

The UVA researchers used advanced tools they have developed over the last eight years to analyze more than 14,600 scientific publications funded by more than 2,400 federal grants awarded between January 2020 and December 2021. Most of the publications appeared in peer-reviewed scientific journals, but some appeared on what are known as "preprint servers." Preprint servers allow scientists to share their discoveries with their colleagues quickly, but, unlike peer-reviewed journals, the findings are not vetted by other scientists prior to publication.

UVA's machine-learning model determined that the top three research topics investigated by COVID-related publications were clinical trials and outcomes research (8.5% of papers), coronavirus-related heart and lung damage (7.3%), and COVID-19 transmission/epidemiology (7.2%). But scientists used the money to investigate not only science directly related to the virus itself, but also related areas such as vaccine hesitancy, effective vaccine distribution, health disparities and general virology (the study of viruses), the UVA researchers found.

Five states received approximately half of the $4 billion in emergency COVID-19 funding, the analysis reveals: North Carolina, Washington, New York, California and Massachusetts. Of the more than 1,800 clinical trial sites testing treatments and vaccines, most, unsurprisingly, were in major urban areas where COVID had stricken many people, the researchers found. (Clinical trials, in general, tend to take place in more urban areas where it is easier to recruit volunteers.)

The Importance of Preprints




In a new scientific paper outlining their findings, the UVA researchers note the rise of preprint servers during the pandemic: "During the pandemic, this fast dissemination of basic science in preprint servers may have supported hypothesis generation and preliminary validation for groups to augment their research," they wrote. "The higher proportion of cell/molecular studies in preprint servers indicates that researchers may have wanted to expedite access to highly valuable data early in the pandemic to foster further scientific inquiry and collaboration at the basic science level in areas such as SARS CoV-2 transmission and vaccine development. There might also be an element of authors initially submitting to preprints if they believed their work could be subject to a long peer-review process because, perhaps, of a shortage of reviewers in their target journals during the pandemic."

The UVA researchers are urging additional research to do a deeper dive into what they found and to look at, for example, the results of other COVID funding sources, such as private philanthropy and the Department of Defense. By understanding how COVID research funding was used and the benefits it had, the country will be better prepared to respond to the next pandemic, they say.

"This work is the first to shed light on how billions of federal money was used to study and combat the COVID-19 pandemic," said researcher Ani Chandrabhatla. "The framework and software we developed to study NIH funding helped us understand where and how funding was deployed and, even more, what topics researchers were studying with that funding."

Findings Published

The researchers have published their findings in a pair of papers in the scientific journal Open Forum Infectious Diseases. The research team included Adishesh K. Narahari, Anirudha S. Chandrabhatla, Taylor M. Horgan, D. Chris Gist, Mark A. Lantieri, Paranjay D. Patel, Jeffrey M. Sturek, Claire L. Davis, Patrick E. H. Jackson and Taison D. Bell.
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Climate crisis puts Australia's ski industry on slippery slope, but not all hope is lost | ScienceDaily
Australia's ski industry is at risk of major disruptions and shorter seasons if the current level of climate pollution continues, according to new modelling from Protect Our Winters Australia (POW) and The Australian National University (ANU).


						
The report found the average ski season across all resorts in Australia will be 44 days shorter by 2050 under a mid-greenhouse gas emissions scenario and 55 days shorter under a high-emissions scenario.

It also shows that despite a dramatic decline in snowfall under mid- and high-emissions scenarios, the Australian snow industry would fare significantly better if decisive action is taken to reduce climate pollution in line with a low emissions scenario this decade.

Under a low-emissions scenario, the ski season would be 28 days shorter by 2050, before starting to improve by 2080 if emissions are kept down.

The researchers argue unless urgent climate action is taken, some ski resorts are at risk of closing their doors for good.

Report co-author and ANU researcher Ruby Olsson said in addition to rapidly phasing out fossil fuels and adopting renewable energy systems like wind and solar, support measures are needed to help ski resorts stand resilient in the face of climate change and help the communities that depend on the Australian Alps.

"We need to support vulnerable resorts to diversify into year-round tourism. This could include a coordinated approach between state governments, assisted by the Australian Alps Liaison Committee or Australian Alps Ministerial Council, to support those ski resorts that are most at risk," she said.




"The more we can limit the impacts of climate change by reducing greenhouse gas emissions, the less expensive adaptation by businesses, communities, and the environment will be and the more options we will have.

"Waiting to act increases the risk of resort closure or species extinction. Resort closures and extinctions are difficult or impossible to undo. So, this decade is critical in terms of taking urgent climate action."

Protect Our Winters Australia Director and Lead Advocate Sam Quirke said: "The ski season last year was tough, with minimal snowfall and some resorts having to shut their doors early. This report shows that we'll see that happening more and more frequently, as ski seasons become more erratic and harder to predict due to global warming, until we do something about it."

The researchers argue the health of the Australian Alps is critical to Australia's agricultural needs and water security.

According to the report, snow-melt water runoff provides an average of 9,600 gigalitres of water per year into the Murray-Darling Basin, which is around 29 per cent of the Basin's total annual flows. At the same time, climate change will directly reduce rainfall in the Australian Alps by five to 24 per cent by 2050 and indirectly reduce catchment yield through ecological changes.

Co-author Professor Adrienne Nicotra from ANU, who is also Director of the Australian Mountain Research Facility, said climate change is already having a significant impact on the native animals and plants that call the Australian Alps home.

"As well as keeping fossil fuels in the ground to prevent devastating climate change, we need investment that brings together mountain scientists, policy makers, resort owners and Alpine communities to map out a plan that sees them adapt," Professor Nicotra said.

The full report on the Protect Our Winters Australia (POW) website.
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Climate policy: competing crises | ScienceDaily
To limit the consequences of the global climate crisis, the global community needs to dramatically reduce its carbon emissions. However, public support for measures to achieve this goal can be attenuated by current crises, which distract people's attention and make it more difficult to introduce political instruments that entail cost increases. These are the findings of a new study by Laura Seelkopf, professor at LMU's Geschwister Scholl Institute of Political Science and co-authors. Consequently, Seelkopf and co-authors Dr. Julian Limberg (King's College London) and Professor Philipp Genschel (University of Bremen) recommend emphasizing the urgency of climate change and associating the topic with other events perceived as urgent in order to increase support for measures such as taxing fossil fuels.


						
For the study, the researchers surveyed 21,000 people in 17 European countries with the help of a survey institute, questioning them about their opinion on the introduction of a tax on fossil fuels. The results showed that support for such a tax was twelve percent higher among participants who had been given information about the climate crisis beforehand than among uninformed participants. However, if the respondents were also reminded of other current crises such as Covid-19 or the war in Ukraine after they received information about the climate crisis, their stated willingness to support a tax on fossil fuels fell considerably.

In concrete numbers, initial support for the introduction of the tax was around 28 percent. In the group that received the climate information prompt, this figure rose to around 40 percent, with 35 percent rejecting the tax. In the groups that were reminded of Covid-19 and the Russian invasion, support fell again to 30 percent, with rejection at 45 percent.

Keeping climate change in crisis mode

"Our results help explain why the potential of the climate crisis to increase support for costly countermeasures is limited. Fundamentally, the climate crisis competes with other crises and events which have a shorter time horizon and distract people's attention. This diminishes the potential of the climate crisis to mobilize support for costly climate policies," says Seelkopf.

To counteract this, according to the researchers, political decision-makers should place stronger emphasis on climate change as a topic. "They should keep climate policy in crisis mode in order to increase awareness. This can help make citizens aware of the urgency of climate change and the necessity of political measures," say the authors. As important instruments, they highlight self-imposed deadlines such as the 'Net Zero by 2050' scenario of the International Energy Agency or the 'Fit for 55' plan of the EU, which regularly remind people that current climate policy is insufficient and lagging behind agreed targets.
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Younger children in school year are more commonly diagnosed with ADHD than their older classmates, says new study | ScienceDaily
New research, led by experts at the University of Nottingham, has found that teachers may be attributing signs of age-related immaturity in children, to conditions such as Attention-Deficit/Hyperactivity Disorder (ADHD) or Autism Spectrum Disorder (ASD).


						
The results of the study, which are published in the journal European Child and Adolescent Psychiatry, showed that the youngest students in a class, with birth dates just before the school entry cut-off date, were overrepresented among children receiving an ADHD diagnosis or medication for the condition.

Experts looked at how being one of the youngest children in a class can influence the likelihood of being diagnosed with ADHD or ASD. ADHD is a condition where individuals have significant challenges with attention and can be overly active. ASD is a complex developmental condition that relates to how a person communicates and interacts.

Professor Kapil Sayal from the School of Medicine at the University, and senior author of the paper, said: "This review shows that adults involved in identifying or raising concerns over a child's behaviour -- such as parents and teachers -- may be inadvertently misattributing relative immaturity as symptoms of ADHD. The child's age in relation to their classmates (their 'relative' age) needs to considered when making this kind of diagnosis."

Detailed searches were used to identify all studies written on this topic worldwide. Researchers reviewed the 32 studies identified. Most of these studies focused on ADHD and two focused on ASD.

The findings confirmed that younger students in the school year are more likely to be diagnosed with ADHD and receive medication for this, compared to their older classmates. The scale of this 'relative age' effect varied between the studies.

For ASD, the youngest children in a class were also more likely to be diagnosed but more research is needed due to there only being a small number of studies available.




Interestingly, there was a more notable difference in how teachers rated these younger children compared to how parents do.

Dr Eleni Frisira, from the School of Medicine and lead author of the study, said: "Teachers play an important role in identifying ADHD symptoms in children. Our findings suggest that they can be more likely to rate younger students in a class as having ADHD symptoms than their older classmates. It is important teachers are supported in considering the relative age of a child in a classroom when ADHD is being queried."

Dr Josephine Holland, one of the authors of the paper added: "This phenomenon has been shown in research for over a decade, but knowing about it does not seem to be changing practice."

The research emphasises how important it is to consider a child's age in relation to their classmates when assessing for and diagnosing conditions like ADHD and ASD. This is an important take-home message for healthcare professionals who assess young children, but also for teachers and parents, when observing and reporting symptoms.
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The unexpected origins of a modern finance tool | ScienceDaily
In the early 1600s, the officials running Durham Cathedral, in England, had serious financial problems. Soaring prices had raised expenses. Most cathedral income came from renting land to tenant farmers, who had long leases so officials could not easily raise the rent. Instead, church leaders started charging periodic fees, but these often made tenants furious. And the 1600s, a time of religious schism, was not the moment to alienate church members.


						
But in 1626, Durham officials found a formula for fees that tenants would accept. If tenant farmers paid a fee equal to one year's net value of the land, it earned them a seven-year lease. A fee equal to 7.75 years of net value earned a 21-year lease.

This was a form of discounting, the now-common technique for evaluating the present and future value of money by assuming a certain rate of return on that money. The Durham officials likely got their numbers from new books of discounting tables. Volumes like this had never existed before, but suddenly local church officials were applying the technique up and down England.

As financial innovation stories go, this one is unusual. Normally, avant-garde financial tools might come from, well, the financial avant-garde -- bankers, merchants, and investors hunting for short-term profits, not clergymen.

"Most people have assumed these very sophisticated calculations would have been implemented by hard-nosed capitalists, because really powerful calculations would allow you to get an economic edge and increase profits," says MIT historian William Deringer, an expert in the deployment of quantitative reasoning in public life. "But that was not the primary or only driver in this situation."

Deringer has published a new research article about this episode, "Mr. Aecroid's Tables: Economic Calculations and Social Customs in the Early Modern Countryside," appearing in the current issue of the Journal of Modern History. In it, he uses archival research to explore how the English clergy started using discounting, and where. And one other question: Why?

Enter inflation

Today, discounting is a pervasive tool. A dollar in the present is worth more than a dollar a decade from now, since one can earn money investing it in the meantime. This concept heavily informs investment markets, corporate finance, and even the NFL draft (where trading this year's picks yields a greater haul of future picks). As the historian William N. Goetzmann has written, the related idea of net present value "is the most important tool in modern finance." But while discounting was known as far back as the mathematician Leonardo of Pisa (often called Fibonacci) in the 1200s, why were English clergy some of its most enthusiastic early adopters?




The answer involves a global change in the 1500s: the "price revolution," in which things began costing more, after a long period when prices had been constant. That is, inflation hit the world.

"People up to that point lived with the expectation that prices would stay the same," Deringer says. "The idea that prices changed in a systematic way was shocking."

For Durham Cathedral, inflation meant the organization had to pay more for goods while three-quarters of its revenues came from tenant rents, which were hard to alter. Many leases were complex, and some were locked in for a tenant's lifetime. The Durham leaders did levy intermittent fees on tenants, but that led to angry responses and court cases.

Meanwhile, tenants had additional leverage against the Church of England: religious competition following the Reformation. England's political and religious schisms would lead it to a midcentury civil war. Maybe some private landholders could drastically increase fees, but the church did not want to lose followers that way.

"Some individual landowners could be ruthlessly economic, but the church couldn't, because it's in the midst of incredible political and religious turmoil after the Reformation," Deringer says. "The Church of England is in this precarious position. They're walking a line between Catholics who don't think there should have been a Reformation, and Puritans who don't think there should be bishops. If they're perceived to be hurting their flock, it would have real consequences. The church is trying to make the finances work but in a way that's just barely tolerable to the tenants."

Enter the books of discounting tables, which allowed local church leaders to finesse the finances. Essentially, discounting more carefully calibrated the upfront fees tenants would periodically pay. Church leaders could simply plug in the numbers as compromise solutions.




In this period, England's first prominent discounting book with tables was published in 1613; its most enduring, Ambrose Acroyd's "Table of Leasses and Interest," dated to 1628-29. Acroyd was the bursar at Trinity College at Cambridge University, which as a landholder (and church-affiliated institution) faced the same issues concerning inflation and rent. Durham Cathedral began using off-the-shelf discounting formulas in 1626, resolving decades of localized disagreement as well.

Performing fairness

The discounting tables from books did not only work because the price was right. Once circulating clergy had popularized the notion throughout England, local leaders could justify using the books because others were doing it. The clergy were "performing fairness," as Deringer puts it.

"Strict calculative rules assured tenants and courts that fines were reasonable, limiting landlords' ability to maximize revenues," Deringer writes in the new article.

To be sure, local church leaders in England were using discounting for their own economic self-interest. It just wasn't the largest short-term economic self-interest possible. And it was a sound strategy.

"In Durham they would fight with tenants every 20 years [in the 1500s] and come to a new deal, but eventually that evolves into these sophisticated mechanisms, the discounting tables," Deringer adds. "And you get standardization. By about 1700, it seems like these procedures are used everywhere."

Thus, as Deringer writes, "mathematical tables for setting fines were not so much instruments of a capitalist transformation as the linchpin holding together what remained of an older system of customary obligations stretched nearly to breaking by macroeconomic forces."

Once discounting was widely introduced, it never went away. Deringer's Journal of Modern History article is part of a larger book project he is currently pursuing, about discounting in many facets of modern life.

Deringer was able piece together the history of discounting in 17th-century England thanks in part to archival clues. For instance, Durham University owns a 1686 discounting book self-described as an update to Acroyd's work; that copy was owned by a Durham Cathedral administrator in the 1700s. Of the 11 existing copies of Acroyd's work, two are at Canterbury Cathedral and Lincoln Cathedral.

Hints like that helped Deringer recognize that church leaders were very interested in discounting; his further research helped him see that this chapter in the history of discounting is not merely about finance; it also opens a new window into the turbulent 1600s.

"I never expected to be researching church finances, I didn't expect it to have anything to do with the countryside, landlord-tenant relationships, and tenant law," Deringer says. "I was seeing this as an interesting example of a story about bottom-line economic calculation, and it wound up being more about this effort to use calculation to resolve social tensions."
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Study offers a better way to make AI fairer for everyone | ScienceDaily
n a new paper, researchers from Carnegie Mellon University and Stevens Institute of Technology show a new way of thinking about the fair impacts of AI decisions. They draw on a well-established tradition known as social welfare optimization, which aims to make decisions fairer by focusing on the overall benefits and harms to individuals. This method can be used to evaluate the industry standard assessment tools for AI fairness, which look at approval rates across protected groups.


						
"In assessing fairness, the AI community tries to ensure equitable treatment for groups that differ in economic level, race, ethnic background, gender, and other categories," explained John Hooker,  professor of operations research at the Tepper School at Carnegie Mellon, who coauthored the study and presented the paper at the International Conference on the Integration of Constraint Programming, Artificial Intelligence, and Operations Research (CPAIOR) on May 29 in Uppsala, Sweden. The paper received the Best Paper Award.

Imagine a situation where an AI system decides who gets approved for a mortgage or who gets a job interview. Traditional fairness methods might only ensure that the same percentage of people from different groups get approved. But what if being denied a mortgage has a much bigger negative impact on someone from a disadvantaged group than on someone from an advantaged group? By employing a social welfare optimization method, AI systems can make decisions that lead to better outcomes for everyone, especially for those in disadvantaged groups.

The study focuses on "alpha fairness," a method of finding a balance between being fair and getting the most benefit for everyone. Alpha fairness can be adjusted to balance fairness and efficiency more or less, depending on the situation.

Hooker and his coauthors show how social welfare optimization can be used to compare different assessments for group fairness currently used in AI. By using this method, we can understand the benefits of applying different group fairness tools in different contexts. It also ties these group fairness assessment tools to the larger world of fairness-efficiency standards used in economics and engineering.

"Our findings suggest that social welfare optimization can shed light on the intensely discussed question of how to achieve group fairness in AI," Leben said.

The study is important for both AI system developers and policymakers. Developers can create more equitable and effective AI models by adopting a broader approach to fairness and understanding the limitations of fairness measures. It also highlights the importance of considering social justice in AI development, ensuring that technology promotes equity across diverse groups in society.
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The Protestant Work Ethic could explain a liking for 'natural' healthcare | ScienceDaily
A strong belief in the Protestant Work Ethic might underpin the decision-making of many people choosing 'natural' approaches to healthcare, new research suggests.


						
Academics say their paper, published in the Journal of Consumer Research, identifies the role of psychological factors in health choices ranging from a preference for vaginal birth -- over caesarean sections -- to 'natural' cold and flu remedies. In the latter case, the preference holds even if the chemical composition of natural remedies may be identical to compounds synthesised in the laboratory.

Their work has implications for governments, global health organisations and clinicians around birth choices, the academics say. It could also reshape the marketing strategies and approaches of healthcare product manufacturers.

Anirban Mukhopadhyay, Professor of Marketing and Behavioural Science at Bayes Business School (formerly Cass), City, University of London, and Dr Yimin Cheng, Associate Professor of Marketing at Melbourne's Monash University, analysed country level data for caesarean sections across 41 nations and conducted five lab-based and online studies.

They identified a link between a strong belief in the Protestant Work Ethic and a preference for vaginal birth and natural over synthetic medicines.

Living their values

German sociologist Max Weber developed the influential concept of the Protestant Work Ethic (PWE) to explain the rise of modern capitalism, suggesting that the belief system instils virtues of hard work, self-reliance, frugality and asceticism. Later research from psychology suggests that these values may be held independent of religious beliefs, retaining their power in diverse communities and nations. Indeed, the latest studies found no link between belief in PWE values and religious belief.




The researchers assessed the strength of participants' PWE beliefs by using 13 questions from the World Values Survey and European Values Study, including a belief that success comes from hard work and that society would have fewer problems if people had less leisure time.

Professor Mukhopadhyay and Dr Cheng tested whether some of those values -- particularly self-reliance and hard work -- embed a suspicion of external intervention and therefore a preference for 'natural' health products and services.

Key findings include:
    	Caesarean section rates across the 41 countries varied from less than 10% to over 40% -- with a strong correlation between low rates of caesareans and high PWE scores, even after accounting for factors such as GDP per capita and access to medical facilities.
    	Similarly, a study of 80 American women who had recently given birth vaginally and 80 who had chosen elective caesarean sections revealed that the former group were much more likely to strongly accept the values embodied in the PWE.
    	Two online studies each involving 400 Americans found that an antipathy to external interference meant those with higher PWE scores were more likely to prefer natural medicine. They were more reluctant to embrace synthetic medicines -- ranging from stomach flu to cancer drugs -- even where the treatments' molecular structures are identical and they are equally effective.

Professor Mukhopadhyay said: "Medical experts caution about the rising prevalence of caesarean sections. Our finding around birthing choices raises the question of whether a short PWE assessment should be part of maternal health screening to help identify and caution low-PWE mothers about the potential risks of elective C-sections, where not medically necessary. It also suggests that at a global level, governments and international healthcare organisations could invest more effort in promoting natural deliveries in low-PWE countries.

"In the business sector, pharmaceutical companies and other health product suppliers could redirect and reshape their marketing to different population groups depending on how 'natural' the drug or other treatment is."

A market worth trillions

Dr Cheng said: "Healthcare spending in the US alone passed $4 trillion in 2020 and is projected to grow at more than 5 per cent annually. Consumers have been empowered to make their own healthcare decisions by the availability of over-the-counter drugs and private healthcare providers.




"Often that choice includes the option of a more 'natural' treatment. Our work suggests that even when there is no chemical difference between treatments, such decisions may be influenced by complex belief systems -- including the pervasive impact of what Weber called the Protestant Work Ethic, even in secular societies."

In a final online study, 601 Americans were asked to imagine they had stomach flu. The researchers tested whether it was the extent of external intervention (e.g. adapting a wild plant for human use) or the intrusiveness of the intervention (e.g. gene editing), that drove people with high PWE scores to choose the most 'natural' over-the-counter treatment option.

Those who identified strongly with PWE values were less likely to choose the option involving intrusive synthesis, such as gene editing. They appeared more willing to trust treatments which involved more visible but less intrusive human intervention -- such as extensive processing of a wild plant for human consumption. This suggests, the authors say, that the preference for 'natural' treatments and approaches is not simply linked to a conservative world view expressed through respect for tradition. If such a yearning was in play, they suggest, the participants with high PWE scores would not differentiate between the two 'unnatural' products.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        NASA's Roman mission gets cosmic 'sneak peek' from supercomputers
        Researchers used supercomputers to create nearly 4 million simulated images depicting the cosmos.

      

      
        Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
        Engineers have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.

      

      
        Laser tests reveal new insights into key mineral for super-Earths
        Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.

      

      
        To heal skin, scientists invent living bioelectronics
        Engineers have created a patch that combines sensors and bacteria to interact with the body.

      

      
        Researchers leverage inkjet printing to make a portable multispectral 3D camera
        Researchers have used inkjet printing to create a compact multispectral version of a light field camera. The camera, which fits in the palm of the hand, could be useful for many applications including autonomous driving, classification of recycled materials and remote sensing.

      

      
        A mountainous mystery uncovered in Australia's pink sands
        Deposits of deep-pink sand washing up on South Australian shores shed new light on when the Australian tectonic plate began to subduct beneath the Pacific plate, as well as the presence of previously unknown ancient Antarctic mountains.

      

      
        Towards a new era in flexible piezoelectric sensors for both humans and robots
        Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in m...

      

      
        No bones about it: 100-million-year-old bones reveal new species of pterosaur
        New research has identified 100-million-year-old fossilized bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.

      

      
        Are plants intelligent? It depends on the definition
        Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?

      

      
        AI-powered simulation training improves human performance in robotic exoskeletons
        Researchers have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.

      

      
        Ritual sacrifice at Chichen Itza
        Rising to power in the wake of the Classic Maya collapse, Chichen Itz was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh.

      

      
        Millions of insects migrate through 30-meter Pyrenees pass
        Over 17 million insects migrate each year through a single mountain pass on the border between France and Spain, new research shows.

      

      
        Wind from black holes may influence development of surrounding galaxies
        Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.

      

      
        How do supermassive black holes get super massive?
        By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies.

      

      
        3D-printed mini-actuators can move small soft robots, lock them into new shapes
        Researchers have demonstrated miniature soft hydraulic actuators that can be used to control the deformation and motion of soft robots that are less than a millimeter thick. The researchers have also demonstrated that this technique works with shape memory materials, allowing users to repeatedly lock the soft robots into a desired shape and return to the original shape as needed.

      

      
        Scientists spot more Milky Way-like galaxies in early universe
        Scientists are peering into the past and uncovering new clues about the early universe. Since light takes a long time to travel through space, they are now able to see how galaxies looked billions of years ago. The astronomers have discovered that spiral galaxies were more common in the early universe than previously thought. The scientists found that nearly 30% of galaxies have a spiral structure about 2 billion years after the universe formed. The discovery provides a significant update to the ...

      

      
        Research on the visual rabbit illusion takes a leap forward
        Researchers have discovered new variations of an illusion created when we see three rapid flashes in our side vision. Regardless of the position of the second flash, the illusion causes the brain to perceive the flashes in a straight line, with the second near the midpoint. The findings suggest that our brain processes the flashes as a whole, rather than independently, showing that later events determine our perception of past location.

      

      
        Virus-like nanoparticles control the multicellular organization and reproduction of host bacteria
        Researchers have discovered that virus-like nanoparticles can promote the multicellular organization and reproduction of host bacteria. These particles, which are evolutionarily related to phages (viruses that infect bacteria), contain an enzyme that helps shape the multicellular architecture and ultimately enhances morphological differentiation.

      

      
        Origins of fast radio bursts come into focus through polarized light
        What scientists previously thought about where Fast Radio Bursts (FRBs) come from is just the tip of the iceberg. A new study details the properties of polarized light from 128 non-repeating FRBs and reveals mysterious cosmic explosions that originated in far-away galaxies, similar to our own Milky Way.

      

      
        Algae offer real potential as a renewable electricity source
        The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.

      

      
        Would astronauts' kidneys survive a roundtrip to Mars?
        The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.

      

      
        New technique could help build quantum computers of the future
        Researchers have demonstrated a new method that could enable the large-scale manufacturing of optical qubits. The advance could bring us closer to a scalable quantum computer.

      

      
        Trash-sorting robot mimics complex human sense of touch
        Researchers are breaking through the difficulties of robotic recognition of various common, yet complex, items. Their layered sensor is equipped with material detection at the surface and pressure sensitivity at the bottom, with a porous middle layer sensitive to thermal changes. An efficient cascade classification algorithm rules out object types in order, from easy to hard, starting with simple categories like empty cartons before moving on to orange peels or scraps of cloth.

      

      
        How did a satellite galaxy of the Milky Way come to be?
        Crater 2, located approximately 380,000 light years from Earth, is one of the largest satellite galaxies of the Milky Way. Extremely cold and with slow-moving stars, Crater 2 has low surface brightness. How this galaxy originated remains unclear. A team of physicists now offers an explanation.

      

      
        Lone Star State: Tracking a low-mass star as it speeds across the Milky Way
        Astronomers have discovered a rare hypervelocity L subdwarf star racing through the Milky Way. More remarkably, this star may be on a trajectory that causes it to leave the Milky Way altogether.

      

      
        NASA's Webb opens new window on supernova science
        Peering deeply into the cosmos, NASA's James Webb Space Telescope is giving scientists their first detailed glimpse of supernovae from a time when our universe was just a small fraction of its current age. A team using Webb data has identified 10 times more supernovae in the early universe than were previously known. A few of the newfound exploding stars are the most distant examples of their type, including those used to measure the universe's expansion rate.

      

      
        Researchers engineer new approach for controlling thermal emission
        If a material absorbs light, it will heat up. That heat must go somewhere, and the ability to control where and how much heat is emitted can protect or even hide such devices as satellites. An international team of researchers has published a novel method for controlling this thermal emission in Science.

      

      
        Four-legged, dog-like robot 'sniffs' hazardous gases in inaccessible environments
        Nightmare material or truly man's best friend? A team of researchers equipped a dog-like quadruped robot with a mechanized arm that takes air samples from potentially treacherous situations, such as an abandoned building or fire. The robot dog walks samples to a person who screens them for potentially hazardous compounds.

      

      
        Protocol for creating 'wired miniature brains'
        Researchers have developed -- and shared -- a process for creating brain cortical organoids -- essentially miniature artificial brains with functioning neural networks.

      

      
        Hubble finds surprises around a star that erupted 40 years ago
        Astronomers have used new data from NASA's Hubble Space Telescope and the retired SOFIA (Stratospheric Observatory for Infrared Astronomy) as well as archival data from other missions to revisit one of the strangest binary star systems in our galaxy -- 40 years after it burst onto the scene as a bright and long-lived nova. A nova is a star that suddenly increases its brightness tremendously and then fades away to its former obscurity, usually in a few months or years.

      

      
        Researchers demonstrate the first chip-based 3D printer
        Researchers have demonstrated the first chip-based 3D printer, a tiny device that emits reconfigurable beams of visible light into a well of resin that rapidly cures into a solid shape. The advance could enable a 3D printer small enough to fit in the palm of a person's hand.

      

      
        Webb telescope reveals asteroid collision in neighboring star system
        Astronomers have captured what appears to be a snapshot of a massive collision of giant asteroids in Beta Pictoris, a neighboring star system known for its early age and tumultuous planet-forming activity.

      

      
        Researchers create skin-inspired sensory robots to provide medical treatment
        Scientists have created innovative soft robots equipped with electronic skins and artificial muscles, allowing them to sense their surroundings and adapt their movements in real-time.

      

      
        The solar system may have passed through dense interstellar clouds 2 million years ago, altering Earth's climate
        Astrophysicists calculate the likelihood that Earth was exposed to cold, harsh interstellar clouds, a phenomenon not previously considered in geologic climate models.

      

      
        Novel Genetic Clock discovers oldest known marine plant
        An international research team has discovered the oldest known marine plant using a novel genetic clock. This 1400-year-old seagrass clone from the Baltic Sea dates back to the Migration Period. The research project is a significant step towards better understanding and protecting marine ecosystems.

      

      
        Elephants have names for each other like people do, new study shows
        Wild African elephants address each other with name-like calls, a rare ability among nonhuman animals, according to a new study. Researchers used machine learning to confirm that elephant calls contained a name-like component identifying the intended recipient, a behavior they suspected based on observation. The study suggests elephants do not imitate the receiver's call to address one another but instead use arbitrary vocal labels like humans.

      

      
        In a significant first, researchers detect water frost on solar system's tallest volcanoes
        An international team of planetary scientists has detected patches of water frost sitting atop the Tharsis volcanoes on Mars, which are not only the tallest volcanic mountains on the Red Planet but in the entire solar system.

      

      
        Galactic bloodlines: Many nearby star clusters originate from only three 'families'
        Astronomers have deciphered the formation history of young star clusters, some of which we can see with the naked eye at night. The team reports that most nearby young star clusters belong to only three families, which originate from very massive star-forming regions. This research also provides new insights into the effects of supernovae (violent explosions at the end of the life of very massive stars) on the formation of giant gas structures in galaxies like our Milky Way.

      

      
        Lake under Mars ice cap unlikely
        Researchers have provided a simple and comprehensive -- if less dramatic -- explanation for bright radar reflections initially interpreted as liquid water beneath the ice cap on Mars' south pole.

      

      
        Tiny new species of great ape lived in Germany 11 million years ago
        Ancient apes in Germany co-existed by partitioning resources in their environment, according to a new study.

      

      
        A new study reveals that marine cyanobacteria communicate
        A breakthrough study changes the way we understand cyanobacteria, which are essential for the sustenance of life. The study shows that these organisms do not operate in isolation, but rather physically interact through membrane-nanotubes, which function as exchange bridges between cells.

      

      
        Liquid metal-based electronic logic device that mimics intelligent prey-capture mechanism of Venus flytrap
        A research team has developed a liquid metal-based electronic logic device that mimics the intelligent prey-capture mechanism of Venus flytraps. Exhibiting memory and counting properties, the device can intelligently respond to various stimulus sequences without the need for additional electronic components. The intelligent strategies and logic mechanisms in the device provide a fresh perspective on understanding 'intelligence' in nature and offer inspiration for the development of 'embodied inte...

      

      
        Exotic black holes could be a byproduct of dark matter
        In the first quintillionth of a second, the universe may have sprouted microscopic black holes with enormous amounts of nuclear charge, MIT physicists propose. The gravitational pull from these tiny, invisible objects could potentially explain all the dark matter that we can't see today.

      

      
        People feel more connected to 'tweezer-like' bionic tools that don't resemble human hands
        Some say the next step in human evolution will be the integration of technology with flesh. Now, researchers have used virtual reality to test whether humans can feel embodiment -- the sense that something is part of one's body -- toward prosthetic 'hands' that resemble a pair of tweezers. They report that participants felt an equal degree of embodiment for the tweezer-hands and were also faster and more accurate in completing motor tasks in virtual reality than when they were equipped with a vir...

      

      
        Planet-forming disks around very low-mass stars are different
        Using the James Webb Space Telescope, a team of astronomers studied the properties of a planet-forming disk around a young and very low-mass star. The results reveal the richest hydrocarbon composition seen to date in a protoplanetary disk, including the first extrasolar detection of ethane and a relatively low abundance of oxygen-bearing species. By including previous similar detections, this finding confirms a trend of disks around very low-mass stars to be chemically distinct from those around...
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NASA's Roman mission gets cosmic 'sneak peek' from supercomputers | ScienceDaily
Researchers are diving into a synthetic universe to help us better understand the real one. Using supercomputers at the U.S. DOE's (Department of Energy's) Argonne National Laboratory in Illinois, scientists have created nearly 4 million simulated images depicting the cosmos as NASA's Nancy Grace Roman Space Telescope and the Vera C. Rubin Observatory, jointly funded by NSF (the National Science Foundation) and DOE, in Chile will see it.


						
Michael Troxel, an associate professor of physics at Duke University in Durham, North Carolina, led the simulation campaign as part of a broader project called OpenUniverse. The team is now releasing a 10-terabyte subset of this data, with the remaining 390 terabytes to follow this fall once they've been processed.

"Using Argonne's now-retired Theta machine, we accomplished in about nine days what would have taken around 300 years on your laptop," said Katrin Heitmann, a cosmologist and deputy director of Argonne's High Energy Physics division who managed the project's supercomputer time. "The results will shape Roman and Rubin's future attempts to illuminate dark matter and dark energy while offering other scientists a preview of the types of things they'll be able to explore using data from the telescopes."

A Cosmic Dress Rehearsal

For the first time, this simulation factored in the telescopes' instrument performance, making it the most accurate preview yet of the cosmos as Roman and Rubin will see it once they start observing. Rubin will begin operations in 2025, and NASA's Roman will launch by May 2027.

The simulation's precision is important because scientists will comb through the observatories' future data in search of tiny features that will help them unravel the biggest mysteries in cosmology.

Roman and Rubin will both explore dark energy -- the mysterious force thought to be accelerating the universe's expansion. Since it plays a major role in governing the cosmos, scientists are eager to learn more about it. Simulations like OpenUniverse help them understand signatures that each instrument imprints on the images and iron out data processing methods now so they can decipher future data correctly. Then scientists will be able to make big discoveries even from weak signals.




"OpenUniverse lets us calibrate our expectations of what we can discover with these telescopes," said Jim Chiang, a staff scientist at DOE's SLAC National Accelerator Laboratory in Menlo Park, California, who helped create the simulations. "It gives us a chance to exercise our processing pipelines, better understand our analysis codes, and accurately interpret the results so we can prepare to use the real data right away once it starts coming in."

Then they'll continue using simulations to explore the physics and instrument effects that could reproduce what the observatories see in the universe.

Telescopic Teamwork

It took a large and talented team from several organizations to conduct such an immense simulation.

"Few people in the world are skilled enough to run these simulations," said Alina Kiessling, a research scientist at NASA's Jet Propulsion Laboratory (JPL) in Southern California and the principal investigator of OpenUniverse. "This massive undertaking was only possible thanks to the collaboration between the DOE, Argonne, SLAC, and NASA, which pulled all the right resources and experts together."

And the project will ramp up further once Roman and Rubin begin observing the universe.




"We'll use the observations to make our simulations even more accurate," Kiessling said. "This will give us greater insight into the evolution of the universe over time and help us better understand the cosmology that ultimately shaped the universe."

The Roman and Rubin simulations cover the same patch of the sky, totaling about 0.08 square degrees (roughly equivalent to a third of the area of sky covered by a full Moon). The full simulation to be released later this year will span 70 square degrees, about the sky area covered by 350 full Moons.

Overlapping them lets scientists learn how to use the best aspects of each telescope -- Rubin's broader view and Roman's sharper, deeper vision. The combination will yield better constraints than researchers could glean from either observatory alone.

"Connecting the simulations like we've done lets us make comparisons and see how Roman's space-based survey will help improve data from Rubin's ground-based one," Heitmann said. "We can explore ways to tease out multiple objects that blend together in Rubin's images and apply those corrections over its broader coverage."

Scientists can consider modifying each telescope's observing plans or data processing pipelines to benefit the combined use of both.

"We made phenomenal strides in simplifying these pipelines and making them usable," Kiessling said. A partnership with Caltech/IPAC's IRSA (Infrared Science Archive) makes simulated data accessible now so when researchers access real data in the future, they'll already be accustomed to the tools. "Now we want people to start working with the simulations to see what improvements we can make and prepare to use the future data as effectively as possible."
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Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice | ScienceDaily
Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.


						
The findings are detailed in a paper published on June 12 in Science Advances.

The microrobots are an ingenious combination of biology and nanotechnology. They are a joint effort between the labs of Joseph Wang and Liangfang Zhang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering.

To create the microrobots, researchers chemically attached drug-filled nanoparticles to the surface of green algae cells. The algae, which provide the microrobots with their movement, enable the nanoparticles to efficiently swim around in the lungs and deliver their therapeutic payload to tumors.

The nanoparticles are made of tiny biodegradable polymer spheres, which are loaded with the chemotherapeutic drug doxorubicin and coated with red blood cell membranes. This coating serves a critical function: it protects the nanoparticles from the immune system, allowing them to stay in the lungs long enough to exert their anti-tumor effects. "It acts as a camouflage," said study co-first author Zhengxing Li, who is a nanoengineering Ph.D. student in both Wang and Zhang's research groups. "This coating makes the nanoparticle look like a red blood cell from the body, so it will not trigger an immune response."

This formulation of nanoparticle-carrying algae is safe, the researchers noted. The materials used to make the nanoparticles are biocompatible while the green algae employed, Chlamydomonas reinhardtii, are recognized as safe for use by the U.S. Food and Drug Administration.

This study builds on prior work by Wang and Zhang's teams using similar microrobots to treat deadly pneumonia in mice. "Those were the first microrobots to be safely tested in the lungs of live animals," said Wang.




In previous work, the microrobots fought the spread of pneumonia-causing bacteria using a different drug and cell membrane combination for the nanoparticles. By tweaking these components, the team has now tailored the microrobots to fight the spread of cancer cells in the lungs. "We demonstrate that this is a platform technology that can actively and efficiently deliver therapeutics throughout the entire lung tissue to combat different types of deadly diseases in the lungs," said Zhang.

In the current study, mice with melanoma that had metastasized to the lungs were treated with the microrobots, which were administered to the lungs through a small tube inserted into the windpipe. Treated mice experienced a median survival time of 37 days, an improvement over the 27-day median survival time observed in untreated mice, as well as mice that received either the drug alone or drug-filled nanoparticles without algae.

"The active swimming motion of the microrobots significantly improved distribution of the drug to the deep lung tissue, while prolonging retention time," said Li. "This enhanced distribution and prolonged retention time allowed us to reduce the required drug dosage, potentially reducing side effects while maintaining high survival efficacy."

Moving forward, the team is working on advancing this microrobot treatment to trials in larger animals, with the ultimate goal of human clinical trials.

Paper: "Biohybrid microrobots locally and actively deliver drug-loaded nanoparticles to inhibit the progression of lung metastasis." Co-authors of the study include Fangyu Zhang*, Zhongyuan Guo*, Zhengxing Li*, Hao Luan, Yiyan Yu, Audrey T. Zhu, Shichao Ding, Weiwei Gao and Ronnie H. Fang.

*These authors contributed equally to this work.

This work was supported by the Defense Threat Reduction Agency Joint Science and Technology Office for Chemical and Biological Defense (HDTRA1-21-1-0010) and the National Institutes of Health (R21AI175904).
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Laser tests reveal new insights into key mineral for super-Earths | ScienceDaily
Scientists have for the first time observed how atoms in magnesium oxide morph and melt under ultra-harsh conditions, providing new insights into this key mineral within Earth's mantle that is known to influence planet formation.


						
High-energy laser experiments -- which subjected tiny crystals of the mineral to the type of heat and pressure found deep inside a rocky planet's mantle -- suggest the compound could be the earliest mineral to solidify out of magma oceans in forming "super-Earth" exoplanets.

"Magnesium oxide could be the most important solid controlling the thermodynamics of young super-Earths," said June Wicks, an assistant professor of Earth and Planetary Sciences at Johns Hopkins University who led the research. "If it has this very high melting temperature, it would be the first solid to crystallize when a hot, rocky planet starts to cool down and its interior separates into a core and a mantle."

The findings are newly published in Science Advances.

They suggest that the way magnesium oxide transitions from one form to another could have important implications for the factors that control whether a young planet will be a snowball or a molten rock, develop water oceans or atmospheres, or have a mixture of those features.

"In terrestrial super-Earths, where this material is going to be a big component of the mantle, its transformation is going to contribute significantly to how quickly heat moves in the interior, which is going to control how the interior and the rest of the planet form and deform over time," Wicks said. "We can think of this as a proxy for interiors of these planets, because it's going to be the material that controls its deformation, one of the most important building blocks of rocky planets."

Larger than Earth but smaller than giants like Neptune or Uranus, super-Earths are key targets in exoplanet searches because they are commonly found among other solar systems in the galaxy. While the composition of these planets can vary from gas to ice or water, rocky super-Earths are expected to contain significant amounts of magnesium oxide that can influence the planet's magnetic field, volcanism, and other key geophysics like they do on Earth, Wicks said.




To mimic the extreme conditions this mineral might sustain during planet formation, Wick's team subjected small samples to ultra-high pressures using the Omega-EP laser facility at the University of Rochester's Laboratory for Laser Energetics. The scientists also shot X-rays and recorded how those light rays bounced off the crystals to track how their atoms rearranged in response to the increasing pressures, specifically noting at what point they transformed from a solid to a liquid.

When squeezed extremely hard, the atoms of materials like magnesium oxide change their arrangement to sustain the crushing pressures. That's why the mineral transitions from a rock salt "phase" resembling table salt to a different configuration like that of another salt called cesium chloride as pressure increases. This makes for a transformation that can affect a mineral's viscosity and impact on a planet as it comes of age, Wicks said.

The team's results show that magnesium oxide can exist in both of its phases at pressures ranging from 430 to 500 gigapascals and temperatures of around 9,700 Kelvin, nearly twice as hot as the surface of the sun. The experiments also show that the highest pressures the mineral can withstand before melting completely are upward of 600 gigapascals, about 600 times the pressure one would feel in the deepest trenches of the ocean.

"Magnesium oxide melts at a much higher temperature than any other material or mineral. Diamonds may be the hardest materials, but this is what will melt last," Wicks said. "When it comes to extreme materials in young planets, magnesium oxide is likely going to be solid, whereas everything else that will be hanging out down there in the mantle is going to be turned to liquid."

The study showcases the stability and simplicity of magnesium oxide under extreme pressures and could help scientists develop more accurate theoretical models to probe key questions about the behavior of this and other minerals within rocky worlds like Earth, Wicks said.

"The study is a love letter to magnesium oxide, because it's amazing that it has the highest temperature melting point that we know of -- at pressures beyond the center of Earth -- and it still behaves like a regular salt," Wicks said. "It's just a beautiful, simple salt, even at these record pressures and temperatures."

Other authors are Saransh Singh, Marius Millot, Dayne E. Fratanduono, Federica Coppari, Martin G. Gorman, Jon H. Eggert, and Raymond F. Smith of Lawrence Livermore National Laboratory; Zixuan Ye and Anirudh Hari of Johns Hopkins University; J. Ryan Rygg of the University of Rochester; and Thomas S. Duffy of Princeton University.

This research was supported by NNSA through the National Laser Users' Facility Program under contract Nos. DE-NA0002154 and DE-NA0002720 and the Laboratory Directed Research and Development Program at LLNL (project No. 15-ERD-012). This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract No. DE-AC52-07NA27344. The research was supported by National Nuclear Security Administration through the National Laser Users' Facility Program (contract Nos. DE-NA0002154 and DE-NA0002720) and the Laboratory Directed Research and Development Program at LLNL (project Nos. 15-ERD-014, 17-ERD-014, and 20-ERD-044).
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To heal skin, scientists invent living bioelectronics | ScienceDaily
For much of his childhood, Simiao Niu was troubled by psoriasis, a chronic, often painful skin condition, mostly on his arms.


						
Sometimes, the prescribed ointment worked and treated the inflamed, red areas produced by the disease. But he was never sure if he was using enough, whether the skin irritation was healing and when he should stop treatment.

Years later, as an engineer on the team at Apple Inc. that devised the electronics in Apple watches monitoring heart rhythm, Niu had a revelation: Could a similar wearable electronic device be developed to treat skin ailments such as psoriasis and provide patients with continuous feedback?

Now, Niu, an assistant professor of biomedical engineering in the School of Engineering at Rutgers-New Brunswick, has played a crucial role in the development of the kind of device that he dreamed of: a unique prototype of what he and his research collaborators are calling a "living bioelectronic" designed to treat psoriasis.

Describing the advance in Science magazine, Niu and collaborators, including scientists at the University of Chicago led by Bozhi Tian and Columbia University, reported developing a patch -- a combination of advanced electronics, living cells and hydrogel -- that is showing efficacy in experiments in mice.

The patch represents not only a potential treatment for psoriasis, but a new technology platform to deliver treatments for medical needs as diverse as wounds and, potentially, various skin cancers, Niu said.

"We were looking for a new type of device that combines sensing and treatment for managing skin inflammation diseases like psoriasis," Niu said. "We found that by combining living bacteria, flexible electronics and adhesive skin interface materials, we were able to create a new type of device."

The circular patch is about 1 inch in diameter and wafer thin. The patch contains electronic chips, bacterial cells and a gel made from starch and gelatin. Tests in mice conducted by the research team showed that the device could continuously monitor and improve psoriasis-like symptoms without irritating skin.




The device, Niu said, is a leap forward from conventional bioelectronics, which are generally composed of electronic components that are encased in a soft synthetic layer that reduces irritation when in contact with the body. The patches placed on a patient's chest for an electrocardiogram are examples of conventional devices.

Niu's invention could be seen as a "living drug," he said, in that it incorporates living cells as part of its therapy. S. epidermidis, which lives on human skin and has been shown to reduce inflammation, is incorporated into the device's gel casing. A thin, flexible printed circuit forms the skeleton of the device.

When the device is placed on skin, the bacteria secrete compounds that reduce inflammation, while sensors in the flexible circuits monitor the skin for signals indicating healing, such as skin impedance, temperature and humidity. The data collected by the circuits is beamed wirelessly to a computer or a cell phone, a process that would allow patients to monitor their healing process.

During his years at Apple, before he joined Rutgers faculty in 2022, Niu and other engineers were forwarded hundreds of thank-you notes that had been sent to the chief executive's office. The customers wrote to credit their Apple watches with saving their lives, Niu said. The watches' built-in heart rate monitors pointed to a condition -- an arrhythmia known as atrial fibrillation -- the customers said they didn't know they had. Atrial fibrillation can lead to strokes if left untreated.

"When you produce the kinds of things that positively affect people's lives, you feel very proud," Niu said. "That is something that inspires me a lot and motivates me to do my current research."

Clinical trials to test the device on human patients must come next, Niu said, as the first step toward commercialization. Once there is evidence of positive results with minimum side effects, the inventors would apply for FDA approval in order to bring the device to market, Niu said.

Other authors of the study from Rutgers included Fuying Dong and Chi Han, two graduate students at the Department of Biomedical Engineering in the School of Engineering.
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Researchers leverage inkjet printing to make a portable multispectral 3D camera | ScienceDaily
Researchers have used inkjet printing to create a compact multispectral version of a light field camera. The camera, which fits in the palm of the hand, could be useful for many applications including autonomous driving, classification of recycled materials and remote sensing.


						
3D spectral information can be useful for classifying objects and materials; however, capturing 3D spatial and spectral information from a scene typically requires multiple devices or time-intensive scanning processes. The new light field camera solves this challenge by simultaneously acquiring 3D information and spectral data in a single snapshot.

"To our knowledge, this is the most advanced and integrated version of a multispectral light field camera," said research team leader Uli Lemmer from the Karlsruhe Institute of Technology in Germany. "We combined it with new AI methods for reconstructing the depth and spectral properties of the scene to create an advanced sensor system for acquiring 3D information."

In the Optica Publishing Group journal Optics Express, the researchers report that the new camera and image reconstruction methods can be used to distinguish objects in a scene based on their spectral characteristics. Using inkjet printing to make the camera's key optical components allows it to be easily customized or manufactured in large volumes.

"Reconstructed 3D data from camera images are finding widespread use in virtual and augmented reality, autonomous cars, robotics, smart home devices, remote sensing and other applications," said Michael Heizmann, a member of the research team. "This new technology could, for example, allow robots to better interact with humans or improve the accuracy of classifying and separating materials in recycling. It could also be potentially used to classify healthy and diseased tissues."

Adding color with inkjet printing

Light field cameras, also called plenoptic cameras, are specialized imaging devices that capture the direction and intensity of light rays. After image acquisition, computational processing is used to reconstruct 3D image information from the acquired data. These cameras typically use microlens arrays that are aligned with the pixels of a high-resolution camera chip.




To create a multispectral light field camera, the researchers used inkjet printing to deposit a single droplet of material to form each individual lens on one side of ultrathin microscope slides and then printed fully aligned color filter arrays on the opposite side of the microscope slides. The resulting optical component was integrated directly onto a CMOS camera chip. The inkjet printing method allowed precise alignment between the optical components, significantly reducing the manufacturing complexity and enhancing efficiency.

Because this setup produces spectral and depth information that are interwoven in the camera image, the researchers developed methods to separate each component. They found that an approach based on deep learning worked best for extracting the desired information directly from the acquired measurements.

Spectral-based object detection 

"Tackling the challenge of creating a multispectral light field camera was only possible by combining recent advances from manufacturing, system design and AI-based image reconstruction," said Qiaoshuang Zhang, first author of the paper. "This work pushes the boundaries of inkjet printing -- a versatile method with high precision and industrial scalability -- for manufacturing photonic components."

The researchers tested the camera by recording a test scene that contained multicolor 3D objects at different distances. The image reconstruction algorithm was trained and tested on many synthetic and real multispectral images. The results demonstrate that the prototype camera can simultaneously acquire 3D spatial and spectral information and that different objects can be imaged and distinguished by their different spectral composition and depth information within one single snapshot.

Now that they have completed this first proof-of-concept, the researchers are exploring various applications where a light field camera with an ability to acquire multispectral information could be useful.
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A mountainous mystery uncovered in Australia's pink sands | ScienceDaily
Deposits of deep-pink sand washing up on South Australian shores shed new light on when the Australian tectonic plate began to subduct beneath the Pacific plate, as well as the presence of previously unknown ancient Antarctic mountains.


						
The pink sand is composed of a mineral called garnet, and a University of Adelaide research team, led by PhD candidate Sharmaine Verhaert and Associate Professor Stijn Glorie, used a new, cutting-edge method to show the garnet grains are around 590 million years old.

Garnet is known to have formed locally during the Delamerian orogeny, an event which created the Adelaide Fold Belt around 514-490 million years ago, and during the formation of the Gawler Craton in western South Australia between 3.3-1.4 billion years ago. These ages don't match the garnet sand on South Australian shores.

"The garnet is too young to have come from the Gawler Craton and too old to have come from the eroding Adelaide Fold Belt," says Verhaert.

"Garnet requires high temperatures to form and is usually associated with the formation of large mountain belts, and this was a time when the South Australian crust was comparatively cool and non-mountainous."

The researchers, who published their findings in the journal Communications Earth & Environment, established the garnet does not originate from local source rocks, but they knew it had travelled from nearby as garnet is typically destroyed through prolonged exposure to the marine environment.

They discovered that the glacial sedimentary deposits of the Cape Jervis Formation, cropping out along the South Australian shorelines, contain layers of sand with garnet that is also around 590 million years old.




Ice-flow indicators in these glacial sedimentary deposits tell us that the garnet-rich glacial sands were brought to Australia by a north-west moving ice sheet during the Late Palaeozoic Ice Age, when Australia and Antarctica were connected in supercontinent Gondwana.

Garnet dating to the same period has been found previously in an outcrop in the Transantarctic Mountains in East Antarctica, at the edge of a colossal area that is completely concealed by a thick ice sheet. Researchers believe this area hosts evidence of a 590-million-year-old mountain belt hiding below the Antarctic ice.

"While it is currently not possible to sample directly under this ice sheet, it is conceivable that millions of years of ice transport eroded the bedrock underneath and transported this cargo of garnet north-westwards, towards the conjugate Antarctic-Australian margin," says Associate Professor Glorie.

"The garnet deposits were then locally stored in glacial sedimentary deposits along the southern Australian margin until erosion liberated them and the waves and tides concentrated them on the South Australian beaches.

"We have effectively uncovered a major mountain building event that redefines the timing of the onset of convergence in the Pacific Ocean."

The new University of Adelaide-developed approach to lutetium-hafnium dating, which uses a laser system attached to a mass-spectrometer, allowed this momentous discovery to be made from a simple enquiry.

"This journey started with questioning why there was so much garnet on the beach at Petrel Cove," says Dr Jacob Mulder, who was also in the research team.

"It is fascinating to think we were able to trace tiny grains of sand on a beach in Australia to a previously undiscovered mountain belt under the Antarctic ice."
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Towards a new era in flexible piezoelectric sensors for both humans and robots | ScienceDaily
Flexible piezoelectric sensors are essential to monitor the motions of both humans and humanoid robots. However, existing designs are either are costly or have limited sensitivity. In a recent study, researchers from Japan tackled these issues by developing a novel piezoelectric composite material made from electrospun polyvinylidene fluoride nanofibers combined with dopamine. Sensors made from this material showed significant performance and stability improvements at a low cost, promising advancements in medicine, healthcare, and robotics.


						
The world is accelerating rapidly towards the intelligent era -- a stage in history marked by increased automation and interconnectivity by leveraging technologies such as artificial intelligence and robotics. As a sometimes-overlooked foundational requirement in this transformation, sensors represent an essential interface between humans, machines, and their environment.

However, now that robots are becoming more agile and wearable electronics are no longer confined to science fiction, traditional silicon-based sensors won't make the cut in many applications. Thus, flexible sensors, which provide better comfort and higher versatility, have become a very active area of study. Piezoelectric sensors are particularly important in this regard, as they can convert mechanical stress and stretching into an electrical signal. Despite numerous promising approaches, there remains a lack of environmentally sustainable methods for mass-producing flexible, high-performance piezoelectric sensors at a low cost.

Against this backdrop, a research team from Shinshu University, Japan, decided to step up to the challenge and improve flexible piezoelectric sensor design using a well-established manufacturing technique: electrospinning. Their latest study, which was led by Distinguished Professor Ick Soo Kim in association with Junpeng Xiong, Ling Wang, Mayakrishnan Gopiraman, and Jian Shi, was published on 2 May, 2024, in the journal Nature Communications.

The proposed flexible sensor design involves the stepwise electrospinning of a composite 2D nanofiber membrane. First, polyvinylidene fluoride (PVDF) nanofibers with diameters in the order of 200 nm are spun, forming a strong uniform network that acts as the base for the piezoelectric sensor. Then, ultrafine PVDF nanofibers with diameters smaller than 35 nm are spun onto the preexisting base. These fibers become automatically interweaved between the gaps of the base network, creating a particular 2D topology.

After characterization via experiments, simulations, and theoretical analyses, the researchers found that the resulting composite PVDF network had enhanced beta crystal orientation. By enhancing this polar phase, which is responsible for the piezoelectric effect observed in PVDF materials, the piezoelectric performance of the sensors was significantly improved. To increase the stability of the material further, the researchers introduced dopamine (DA) during the electrospinning process, which created a protective core-shell structure.

"Sensor fabricated from using PVDF/DA composite membranes exhibited superb performance, including a wide response range of 1.5-40 N, high sensitivity of 7.29 V/N to weak forces in the range of 0-4 N, and excellent operational durability," remarks Kim. These exceptional qualities were demonstrated practically using wearable sensors to measure a wide variety of human movements and actions. More specifically, the proposed sensors, when worn by a human, could produce an easily distinguishable voltage response to natural motions and physiological signals. This included finger tapping, knee and elbow bending, foot stamping, and even speaking and wrist pulses.

Given the potential low-cost mass production of these piezoelectric sensors, combined with their use of environmentally friendly organic materials instead of harmful inorganics, this study could have important technological implications not only for health monitoring and diagnostics, but also robotics. "Despite the current challenges, humanoid robots are poised to play an increasingly integral role in the very near future. For instance, the well-known Tesla robot 'Optimus' can already mimic human motions and walk like a human," muses Kim, "Considering high-tech sensors are currently being used to monitor robot motions, our proposed nanofiber-based superior piezoelectric sensors hold much potential not only for monitoring human movements, but also in the field of humanoid robotics."

To make the adoption of these sensors easier, the research team will be focusing on improving the material's electrical output properties so that flexible electronic components can be driven without the need for an external power source. Hopefully, further progress in this area will accelerate our stride towards the intelligent era, leading to more comfortable and sustainable lives.
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No bones about it: 100-million-year-old bones reveal new species of pterosaur | ScienceDaily
New Curtin University-led research has identified 100-million-year-old fossilised bones discovered in western Queensland as belonging to a newly identified species of pterosaur, which was a formidable flying reptile that lived among the dinosaurs.


						
Unearthed in 2021 by Kronosaurus Korner museum curator Kevin Petersen, the fossilised remains have been found to belong to Haliskia peterseni, a new genus and species of anhanguerian pterosaur.

Based on the shape of its skull, arrangement of teeth and shape of the shoulder bone, a research team led by PhD student Adele Pentland, from Curtin's School of Earth and Planetary Sciences, identified the specimen as an anhanguerian, which is a group of pterosaurs known to have lived across the world, including in what is now Brazil, England, Morocco, China, Spain and the United States.

"With a wingspan of approximately 4.6m, Haliskia would have been a fearsome predator around 100 million years ago when much of central western Queensland was underwater, covered by a vast inland sea and globally positioned about where Victoria's southern coastline is today," Ms Pentland said.

"Careful preparation by Mr Petersen has provided the remains of the most complete specimen of an anhanguerian, and of any pterosaur, discovered in Australia to date.

"Haliskia is 22 per cent complete, making it more than twice as complete as the only other known partial pterosaur skeleton found in Australia.

"The specimen includes complete lower jaws, the tip of the upper jaw, 43 teeth, vertebrae, ribs, bones from both wings and part of a leg. Also present are very thin and delicate throat bones, indicating a muscular tongue, which helped during feeding on fish and cephalopods."

Haliskia peterseni joins several significant marine fossil specimens on display at Kronosaurus Korner, including Kronosaurus queenslandicus, the largest marine reptile with a skull at least 2.4m long, the most complete plesiosaur from Australia and bones from the plesiosaur Eromangasaurus and the ichthyosaur Platypterygius.

Mr Petersen said this latest discovery was an exciting boost for science, education and regional tourism.

"I'm thrilled that my discovery is a new species, as my passion lies in helping shape our modern knowledge of prehistoric species," Mr Petersen said.
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Are plants intelligent? It depends on the definition | ScienceDaily
Goldenrod can perceive other plants nearby without ever touching them, by sensing far-red light ratios reflected off leaves. When goldenrod is eaten by herbivores, it adapts its response based on whether or not another plant is nearby. Is this kind of flexible, real-time, adaptive response a sign of intelligence in plants?


						
The question is not easy to answer, but Andre Kessler, a chemical ecologist, makes an argument for plant intelligence in a recent paper in the journal Plant Signaling and Behavior.

"There are more than 70 definitions that are published for intelligence and there is no agreement on what it is, even within a given field," said Kessler, professor in the Department of Ecology and Evolutionary Biology in the College of Agriculture and Life Sciences.

Many people believe that intelligence requires a central nervous system, with electrical signals acting as the medium for processing information. Some plant biologists equate plant vascular systems with central nervous systems, and propose that some kind of centralized entity in the plant allows them to process information and respond. But Kessler firmly disagrees with that idea.

"There is no good evidence for any of the homologies with the nervous system, even though we clearly see electrical signaling in plants, but the question is how important is that signaling for a plant's ability to process environmental cues?" He said.

To make their argument for plant intelligence, Kessler and co-author Michael Mueller, a doctoral student in his lab, narrowed their definition down to the most basic elements: "The ability to solve problems, based on the information that you get from the environment, toward a particular goal," Kessler said.

As a case study, Kessler points to his earlier research investigating goldenrod and its responses when eaten by pests. When leaf beetle larvae eat goldenrod leaves, the plant emits a chemical that informs the insect that the plant is damaged and is a poor source of food. These airborne chemicals, called volatile organic compounds (VOCs), are also picked up by neighboring goldenrod plants, prompting them to produce their own defenses against the beetle larvae. In this way, goldenrod move herbivores on to neighbors, and distribute damage.




In a 2022 paper in the journal Plants, Kessler and co-author Alexander Chauta, Ph.D. '21, ran experiments to show that goldenrod can also perceive higher far-red light ratios reflected off leaves of neighboring plants. When neighbors are present and goldenrods are eaten by beetles, they invest more into tolerating the herbivore by growing faster yet also start producing defensive compounds that help the plants fight off insect pests. When no neighbors are present, the plants don't resort to accelerated growth when eaten and the chemical responses to herbivores are markedly different, though they still tolerate quite high amounts of herbivory.

"This would fit our definition of intelligence," Kessler said. "Depending on the information it receives from the environment, the plant changes its standard behavior."

Neighboring goldenrod also exhibit intelligence when they perceive VOCs that signal the presence of a pest. "The volatile emission coming from a neighbor is predictive of future herbivory," Kessler said. "They can use an environmental cue to predict a future situation, and then act on that."

Applying the concept of intelligence to plants can inspire fresh hypotheses about the mechanisms and functions of plant chemical communication, while also shifting people's thinking about what intelligence really means, Kessler said.

The latter idea is timely, as artificial intelligence is a current topic of interest. For example, he said, artificial intelligence doesn't solve problems toward a goal, at least not yet. "Artificial intelligence, by our definition of intelligence, is not even intelligent," he said. It is instead based on the patterns it identifies in information it can access.

An idea that interests Kessler came from mathematicians in the 1920s who proposed that perhaps plants functioned more like beehives. In this case, each cell operates like an individual bee, and the entire plant is analogous to a hive.




"What that means is, the brain in the plant is the entire plant without the need of central coordination," Kessler said.

Instead of electrical signaling, there is chemical signaling throughout the superorganism. Studies by other researchers have shown that every plant cell has broad light spectrum perception and sensory molecules to detect very specific volatile compounds coming from neighboring plants.

"They can smell out their environment very precisely; every single cell can do it, as far as we know," he said. Cells might be specialized, but they also all perceive the same things, and they communicate via chemical signaling to trigger a collective response in growth or metabolism. "That idea is very appealing to me," he said.

The paper was supported by a grant from the New Phytologist Fund.
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AI-powered simulation training improves human performance in robotic exoskeletons | ScienceDaily
Researchers at North Carolina State University have demonstrated a new method that leverages artificial intelligence (AI) and computer simulations to train robotic exoskeletons to autonomously help users save energy while walking, running and climbing stairs.


						
"This work proposes and demonstrates a new machine-learning framework that bridges the gap between simulation and reality to autonomously control wearable robots to improve mobility and health of humans," says Hao Su, corresponding author of a paper on the work which will be published June 12 in the journal Nature.

"Exoskeletons have enormous potential to improve human locomotive performance," says Su, who is an associate professor of mechanical and aerospace engineering at North Carolina State University. "However, their development and broad dissemination are limited by the requirement for lengthy human tests and handcrafted control laws.

"The key idea here is that the embodied AI in a portable exoskeleton is learning how to help people walk, run or climb in a computer simulation, without requiring any experiments," says Su.

Specifically, the researchers focused on improving autonomous control of embodied AI systems -- which are systems where an AI program is integrated into a physical robot technology. This work focused on teaching robotic exoskeletons how to assist able-bodied people with various movements. Normally, users have to spend hours "training" an exoskeleton so that the technology knows how much force is needed -- and when to apply that force -- to help users walk, run or climb stairs. The new method allows users to utilize the exoskeletons immediately.

"This work is essentially making science fiction reality -- allowing people to burn less energy while conducting a variety of tasks," says Su.

"We have developed a way to train and control wearable robots to directly benefit humans," says Shuzhen Luo, first author of the paper and a former postdoctoral researcher at NC State. Luo is now an assistant professor at Embry-Riddle Aeronautical University.




For example, in testing with human subjects, the researchers found that study participants used 24.3% less metabolic energy when walking in the robotic exoskeleton than without the exoskeleton. Participants used 13.1% less energy when running in the exoskeleton, and 15.4% less energy when climbing stairs.

"It's important to note that these energy reductions are comparing the performance of the robotic exoskeleton to that of a user who is not wearing an exoskeleton," Su says. "That means it's a true measure of how much energy the exoskeleton saves."

While this study focused on the researchers' work with able-bodied people, the new method also applies to robotic exoskeleton applications aimed at helping people with mobility impairments.

"Our framework may offer a generalizable and scalable strategy for the rapid development and widespread adoption of a variety of assistive robots for both able-bodied and mobility-impaired individuals," Su says.

"We are in the early stages of testing the new method's performance in robotic exoskeletons being used by older adults and people with neurological conditions, such as cerebral palsy. And we are also interested in exploring how the method could improve the performance of robotic prosthetic devices for amputee populations."

This research was done with support from the National Science Foundation under awards 1944655 and 2026622; the National Institute on Disability, Independent Living, and Rehabilitation Research, under award 90DPGE0019 and Switzer Research Fellowship SFGE22000372; and the National Institutes of Health, under award 1R01EB035404.

Shuzhen Luo and Hao Su are co-inventors on intellectual property related to the controller discussed in this work. Su is also a co-founder of, and has a financial interest in, Picasso Intelligence, LLC, which develops exoskeletons.
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Ritual sacrifice at Chichen Itza | ScienceDaily
Rising to power in the wake of the Classic Maya collapse, Chichen Itza was among the largest and most influential cities of the ancient Maya, but much about its political connections and ritual life remain poorly understood. In a new study in Nature, researchers discover a practice of ritual child sacrifice focused exclusively on males. Close kin relationships, including two pairs of identical twins, suggests a connection to the Maya origin myths of the Popol Vuh. Further comparison to Maya populations today reveals the genetic impact of colonial-era epidemics.


						
Located in the heart of Mexico's Yucatan peninsula, the ancient Maya city of Chichen Itza is one of North America's most iconic and enigmatic archaeological sites. It rose to power in the aftermath of the Classic Maya collapse and was a populous and powerful political center in the centuries preceding the arrival of the Spanish. Chichen Itza's influence extended throughout the Maya region and deep into the heart of Central Mexico. Famed for its monumental architecture, including more than a dozen ballcourts and numerous temples, among them the massive temple of El Castillo adorned with feathered serpents, it has been under archaeological investigation for more than a century.

Chichen Itza is perhaps best known for its extensive evidence of ritual killing, which includes both the physical remains of sacrificed individuals and representations in monumental art. The controversial dredging of the site's Sacred Cenote in the early 20th century identified the remains of hundreds of individuals, and a full-scale stone representation of a massive tzompantli (skull rack) in the site's core point to the centrality of sacrifice within the ritual life at Chichen Itza. Despite its notoriety, however, the role and context of ritual killing at the site remain poorly understood.

A large proportion of sacrificed individuals at the site are children and adolescents. Although there is a widespread belief that females were the primary focus of sacrifice at the site, sex is difficult to determine from juvenile skeletal remains by physical examination alone, and more recent anatomical analyses suggest that many of the older juveniles may in fact be male. In 1967, a subterranean chamber was discovered near the Sacred Cenote that contained the scattered remains of more than a hundred young children. The chamber, which was likely a repurposed chultun (water cistern), had been enlarged to connect to a small cave. Among the ancient Maya, caves, cenotes (natural sinkholes), and chultuns have long been associated with child sacrifice, and such subterranean features were widely viewed as connection points to the underworld.

To better understand ritual life and the context of child sacrifice at Chichen Itza, an international team of researchers from institutions including the Max Planck Institutes for Evolutionary Anthropology (MPI-EVA, Leipzig) and Geoanthropology (MPI-GEA, Jena), the National School of Anthropology and History (ENAH, Mexico City), the National Institute of Anthropology and History (INAH-Yucatan, Merida), and Harvard University (Cambridge) conducted an in-depth genetic investigation of the remains of 64 children ritually interred within the chutun at Chichen Itza.

A ritual sacrifice focused on males and close kin

Dating of the remains revealed that the chultun was used for mortuary purposes for more than 500 years, from the 7th to 12th centuries AD, but that most of the children were interred during the 200-year period of Chichen Itza's political apex between 800 to 1,000 AD. Unexpectedly, genetic analysis revealed that all 64 tested individuals were male. Further genetic analysis revealed that the children had been drawn from local Maya populations, and that at least a quarter of the children were closely related to at least one other child in the chultun. These young relatives had consumed similar diets, suggesting they were raised in the same household. "Our findings showcase remarkably similar dietary patterns among individuals exhibiting a first- or second-degree familial connection," says co-author Patxi Perez-Ramallo, postdoctoral researcher at the Department of Archaeology and Cultural History, NTNU University Museum, Trondheim, Norway and the MPI-GEA.




"Most surprisingly, we identified two pairs of identical twins," says Kathrin Nagele, co-author and group leader at the MPI-EVA. "We can say this with certainty because our sampling strategy ensured we would not duplicate individuals." Taken together, the findings indicate that related male children were likely being selected in pairs for ritual activities associated with the chultun.

"The similar ages and diets of the male children, their close genetic relatedness, and the fact that they were interred in the same place for more than 200 years point to the chultun as a post-sacrificial burial site, with the sacrificed individuals having been selected for a specific reason," says Oana Del Castillo-Chavez, co-author and researcher in the Physical Anthropology Section at the Centro INAH Yucatan.

Connections to the Popol Vuh

Twins hold a special place in the origin stories and spiritual life of the ancient Maya. Twin sacrifice is a central theme in the sacred K'iche' Mayan Book of Council, known as the Popol Vuh, a colonial-era book whose antecedents can be traced back more than 2,000 years in the Maya region. In the Popol Vuh, the twins Hun Hunahpu and Vucub Hunahpu descend into the underworld and are sacrificed by the gods following defeat in a ballgame. The twin sons of Hun Hunahpu, known as the Hero Twins Hunahpu and Xbalanque, then go on to avenge their father and uncle by undergoing repeated cycles of sacrifice and resurrection in order to outwit the gods of the underworld. The Hero Twins and their adventures are amply represented in Classic Maya art, and because subterranean structures were viewed as entrances to the underworld, the interment of twins and pairs of close kin within the chultun at Chichen Itza may recall rituals involving the Hero Twins.

"Early 20th century accounts falsely popularized lurid tales of young women and girls being sacrificed at the site," says Christina Warinner, John L. Loeb Associate Professor of the Social Sciences and Anthropology at Harvard University and a group leader at the MPI-EVA. "This study, conducted as a close international collaboration, turns that story on its head and reveals the deep connections between ritual sacrifice and the cycles of human death and rebirth described in sacred Maya texts."

The enduring genetic legacy of colonial epidemics

The detailed genetic information obtained at Chichen Itza has also allowed researchers to investigate another major outstanding question in Mesoamerica: the long-term genetic impact of colonial-era epidemics on Indigenous populations. Working closely with residents of the local Maya community of Tixcacaltuyub, researchers found evidence of genetic positive selection in immunity-related genes, and specifically selection for genetic variants that are protective against Salmonella infection. During the 16th century in Mexico, wars, famines, and epidemics caused a population decline as high as 90 percent, and among the most serious epidemics was the 1545 cocoliztli epidemic, recently identified as being caused by the pathogen Salmonella enterica Paratyphi C.

"The present-day Maya carry the genetic scars of these colonial-era epidemics," says lead author Rodrigo Barquera, immunogeneticist and postdoctoral researcher at the MPI-EVA. "Multiple lines of evidence point to specific genetic changes in the immune genes of present-day Mexicans of Indigenous and mixed-ancestry descent that are linked to enhanced resistance to Salmonella enterica infection."

The study of ancient DNA is increasingly allowing more detailed and complex questions to be asked about the past. "The new information gained from ancient DNA has not only allowed us to dispel outdated hypotheses and assumptions and to gain new insights into the biological consequences of past events, it has given us a glimpse into the cultural lives of the ancient Maya," says senior author Johannes Krause, Director of the Department of Archaeogenetics at the MPI-EVA. Such studies also empower Indigenous researchers to shape narratives of the past and set priorities for the future. "It is significant to me as a research professor of indigenous origin that I can contribute to the construction of knowledge," says Maria Ermila Moo-Mezeta, Mayan co-author of the study and researcher at the Autonomous University of Yucatan (UADY). "I consider the preservation of the historical memory of the Mayan people to be important."
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Millions of insects migrate through 30-meter Pyrenees pass | ScienceDaily
Over 17 million insects migrate each year through a single mountain pass on the border between France and Spain, new research shows.


						
University of Exeter scientists studied migrating insects in the Pass of Bujaruelo, a 30-metre gap between two high peaks in the Pyrenees.

The team visited the pass each autumn for four years, monitoring the vast number and variety of day-flying insects heading south.

The findings for this single pass suggest that billions of insects cross the Pyrenees each year, making it a key location for many migrating species.

The migrating insects begin these journeys further north in Europe, including the UK.

"More than 70 years ago, two ornithologists -- Elizabeth and David Lack -- chanced upon an incredible spectacle of insect migration at the Pass of Bujaruelo," said Will Hawkes, from the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.

"They witnessed remarkable numbers of marmalade hoverflies migrating through the mountains, the first recorded instance of fly migration in Europe.




"In 2018, we went to the same pass to see if this migration still occurred, and to record the numbers, species, weather conditions and ecological roles and impacts of the migrants."

The researchers used a video camera to count the small insects, visual counts to quantify the butterflies, and a flight intercept trap to identify the species migrating.

"What we found was truly remarkable," Hawkes continued.

"Not only were vast numbers of marmalade hoverflies still migrating through the pass, but far more besides.

"These insects would have begun their journeys further north in Europe and continued south into Spain and perhaps beyond for the winter.

"There were some days when the number of flies was well over 3,000 individuals per metre, per minute."

Team leader Dr Karl Wotton said: "To see so many insects all moving purposefully in the same direction at the same time is truly one of the great wonders of nature."




Insect numbers peaked when conditions were warm, sunny and dry, with low windspeed and a headwind to keep the insects low over the pass so they could be counted.

Dr Wotton continued: "The combination of high-altitude mountains and wind patterns render what is normally an invisible high-altitude migration into a this incredibly rare spectacle observable at ground level."

A range of insects were seen, but flies made up 90% of the total.

Butterflies and dragonflies are well-known migratory insects, but these made up less than 2% of the total.

Many of the migrants were well known garden inhabitants such as the cabbage white butterfly (Pieris rapae), the house fly (Musca autumnalis), and even miniscule grass flies (Chloropidae), barely 3mm long.

Hawkes added: "It was magical. I would sweep my net through seemingly empty air and it would be full of the tiniest of flies, all journeying on this unbelievably huge migration."

These migratory insects, especially the flies, are hugely important for our planet.

Nearly 90% of the insects were pollinators and, by migrating, move genetic material great distances between plant populations, improving plant health.

Some of the insects were pest species but many were pest controllers, including the marmalade and pied hoverflies that eat aphids during their larval stage.

Many play a role in decomposition, and all transport nutrients such as phosphorus and nitrogen large distances, which could be important for soil health and plant growth.

Due to the climate crisis and habitat loss, these vital insect migrants are thought to be declining.

Hawkes concluded: "By spreading the knowledge of these remarkable migrants, we can spread interest and determination to protect their habitats.

"Insects are resilient and can bounce back quickly. Together, we can protect these most remarkable migrants of all."
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Wind from black holes may influence development of surrounding galaxies | ScienceDaily
Clouds of gas in a distant galaxy are being pushed faster and faster -- at more than 10,000 miles per second -- out among neighboring stars by blasts of radiation from the supermassive black hole at the galaxy's center. It's a discovery that helps illuminate the way active black holes can continuously shape their galaxies by spurring on or snuffing out the development of new stars.


						
A team of researchers led by University of Wisconsin-Madison astronomy professor Catherine Grier and recent graduate Robert Wheatley revealed the accelerating gas using years of data collected from a quasar, a particularly bright and turbulent kind of black hole, billions of light years away in the constellation Bootes. They presented their findings today at the 244th meeting of the American Astronomical Society in Madison.

Scientists believe black holes are situated at the center of most galaxies. Quasars are supermassive black holes surrounded by disks of matter being pulled in by the black hole's enormous gravitational power.

"The material in that disk is always falling into the black hole, and the friction of that pulling and pulling heats up the disk and makes it very, very hot and very, very bright," says Grier. "These quasars are really luminous, and because there's a large range of temperatures from the interior to the far parts of the disk, their emission covers almost all of the electromagnetic spectrum."

The bright light makes quasars nearly as old as the universe (as many as 13 billion light years away) visible, and the broad range of their radiation makes them particularly useful for astronomers to probe the early universe.

Researchers used more than eight years of observations of a quasar called SBS 1408+544, collected by a program carried out by the Sloan Digital Sky Survey now known as the Black Hole Mapper Reverberation Mapping Project. They tracked winds composed of gaseous carbon by spotting light from the quasar that was missing -- light that was being absorbed by the gas. But instead of being absorbed at exactly the right spot in the spectrum that would indicate carbon, the shadow shifted farther from home with every new look at SBS 1408+544.

"That shift tells us the gas is moving fast, and faster all the time," says Wheatley. "The wind is accelerating because it's being pushed by radiation that is blasted off of the accretion disk."

Scientists, including Grier, have suggested they've observed accelerating winds from black hole accretion disks before, but this had not yet been backed by data from more than a few observations. The new results came from about 130 observations of SBS 1408+544 made over nearly a decade, which allowed the team to solidly identify the increase in velocity with high confidence.




The winds pushing gas out from the quasar are of interest to astronomers because they are a way in which the supermassive black holes might influence the evolution of the galaxies that surround them.

"If they're energetic enough, the winds may travel all the way out into the host galaxy, where they could have a significant impact," Wheatley says.

Depending on the circumstances, a quasar's winds could supply pressure that squeezes gas together and speeds the birth of a star in its host galaxy. Or it could scour away that fuel and keep a potential star from forming.

"Supermassive black holes are big, but they're really tiny compared to their galaxies," says Grier, whose work is supported by the National Science Foundation. "That doesn't mean they can't 'talk' to each other, and this is a way for one to talk to the other that we will have to account for when we model the effects of these kinds of black holes."

The study of SBS 1408+544, published today in The Astrophysical Journal included collaborators at York University, Pennsylvania State University, University of Arizona and others.

This research was funded in part by grants from the National Science Foundation (AST-2310211 and AST-2309930).
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How do supermassive black holes get super massive? | ScienceDaily
By combining forefront X-ray observations with state-of-the-art supercomputer simulations of the buildup of galaxies over cosmic history, researchers have provided the best modeling to date of the growth of the supermassive black holes found in the centers of galaxies. Using this hybrid approach, a research team led by Penn State astronomers derived a complete picture of black-hole growth over 12 billion years, from the Universe's infancy at around 1.8 billion years old to now at 13.8 billion years old.


						
The research comprises two papers, one published in The Astrophysical Journal in April 2024, and one as yet unpublished that will be submitted to the same journal. The results will be presented at the 244th meeting of the American Astronomical Society, held June 9 through June 13 at the Monona Terrace Convention Center in Madison, Wisconsin. 

"Supermassive black holes in galaxy centers have millions-to-billions of times the mass of the Sun," said Fan Zou, a graduate student at Penn State and first author of the papers. "How do they become such monsters? This is a question that astronomers have been studying for decades, but it has been difficult to track all the ways black holes can grow reliably."

Supermassive black holes grow through a combination of two main channels. They consume cold gas from their host galaxy -- a process called accretion -- and they can merge with other supermassive black holes when galaxies collide.

"During the process of consuming gas from their hosting galaxies, black holes radiate strong X-rays, and this is the key to tracking their growth by accretion," said W. Niel Brandt, Eberly Family Chair Professor of Astronomy and Astrophysics and professor of physics at Penn State and a leader of the research team. "We measured the accretion-driven growth using X-ray sky survey data accumulated over more than 20 years from three of the most powerful X-ray facilities ever launched into space."

The research team used complementary data from NASA's Chandra X-ray Observatory, the European Space Agency's X-ray Multi-Mirror Mission-Newton (XMM-Newton), and the Max Planck Institute for Extraterrestrial Physics' eROSITA telescope. In total, they measured the accretion-driven growth in a sample of 1.3 million galaxies that contained over 8,000 rapidly growing black holes.

"All of the galaxies and black holes in our sample are very well characterized at multiple wavelengths, with superb measurements in the infrared, optical, ultraviolet, and X-ray bands," Zou said. "This allows for robust conclusions, and the data show that, at all cosmic epochs, more massive galaxies grew their black holes by accretion faster. With the quality of the data, we were able to quantify this important phenomenon much better than in past works."

The second way that supermassive black holes grow is through mergers, where two supermassive black holes collide and merge together to form a single, even more massive, black hole. To track growth by mergers, the team used IllustrisTNG, a set of supercomputer simulations that model galaxy formation, evolution, and merging from shortly after the Big Bang until the present.




"In our hybrid approach, we combine the observed growth by accretion with the simulated growth through mergers to reproduce the growth history of supermassive black holes," Brandt said. "With this new approach, we believe we have produced the most realistic picture of the growth of supermassive black holes up to the present day."

The researchers found that, in most cases, accretion dominated black-hole growth. Mergers made notable secondary contributions, especially over the past 5 billion years of cosmic time for the most-massive black holes. Overall, supermassive black holes of all masses grew much more rapidly when the Universe was younger. Because of this, the total number of supermassive black holes was almost settled by 7 billion years ago, while earlier in the Universe many new ones kept emerging.

"With our approach, we can track how central black holes in the local universe most likely grew over cosmic time," Zou said. "As an example, we considered the growth of the supermassive black hole in the center of our Milky Way Galaxy, which has a mass of 4 million solar masses. Our results indicate that our Galaxy's black hole most likely grew relatively late in cosmic time."

In addition to Zou and Brandt, the research team includes Zhibo Yu, graduate student at Penn State; Hyungsuk Tak, assistant professor of statistics and of astronomy and astrophysics at Penn State; Elena Gallo at the University of Michigan; Bin Luo at Nanjing University in China; Qingling Ni at the Max Planck Institute for Extraterrestrial Physics in Germany; Yongquan Xue at the University of Science and Technology of China; and Guang Yang at the University of Groningen in the Netherlands.

Funding from the U.S. National Science Foundation, the Chandra X-ray Center, and Penn State supported this work. The work was also made possible by the sharing of the IllustrisTNG simulation results with the scientific community.
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3D-printed mini-actuators can move small soft robots, lock them into new shapes | ScienceDaily
Researchers from North Carolina State University have demonstrated miniature soft hydraulic actuators that can be used to control the deformation and motion of soft robots that are less than a millimeter thick. The researchers have also demonstrated that this technique works with shape memory materials, allowing users to repeatedly lock the soft robots into a desired shape and return to the original shape as needed.


						
"Soft robotics holds promise for many applications, but it is challenging to design the actuators that drive the motion of soft robots on a small scale," says Jie Yin, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at NC State. "Our approach makes use of commercially available multi-material 3D printing technologies and shape memory polymers to create soft actuators on a microscale that allow us to control very small soft robots, which allows for exceptional control and delicacy."

The new technique relies on creating soft robots that consist of two layers. The first layer is a flexible polymer that is created using 3D printing technologies and incorporates a pattern of microfluidic channels -- essentially very small tubes running through the material. The second layer is a flexible shape memory polymer. Altogether, the soft robot is only 0.8 millimeters thick.

By pumping fluid into the microfluidic channels, users create hydraulic pressure that forces the soft robot to move and change shape. The pattern of microfluidic channels controls the motion and shape change of the soft robot -- whether it bends, twists, or so on. In addition, the amount of fluid being introduced, and how quickly it is introduced, controls how quickly the soft robot moves and the amount of force the soft robot exerts.

If users wish to 'freeze' the soft robot's shape, they can apply moderate heat (64C, or 147F), and then let the robot cool briefly. This prevents the soft robot from reverting to its original shape, even after the liquid in the microfluidic channels is pumped out. If users want to return the soft robot to its original shape, they simply apply the heat again after pumping out the liquid, and the robot relaxes to its original configuration.

"A key factor here is fine-tuning the thickness of the shape memory layer relative to the layer that contains the microfluidic channels," says Yinding Chi, co-lead author of the paper and a former Ph.D. student at NC State. "You need the shape memory layer to be thin enough to bend when the actuator's pressure is applied, but thick enough to get the soft robot to retain its shape even after the pressure is removed."

To demonstrate the technique, the researchers created a soft robot "gripper," capable of picking up small objects. The researchers applied hydraulic pressure, causing the gripper to pinch closed on an object. By applying heat, the researchers were able to fix the gripper in its "closed" position, even after releasing pressure from the hydraulic actuator. The gripper could then be moved -- transporting the object it held -- into a new position. Researchers then applied heat again, causing the gripper to release the object it had picked up. Video of these soft robots in action can be found at https://youtu.be/5SIwsw9IyIc.




"Because these soft robots are so thin, we can heat them up to 64C quickly and easily using a small infrared light source -- and they also cool very quickly," says Haitao Qing, co-lead author of the paper and a Ph.D. student at NC State. "So this entire series of operations only takes about two minutes.

"And the movement does not have to be a gripper that pinches," says Qing. "We've also demonstrated a gripper that was inspired by vines in nature. These grippers quickly wrap around an object and clasp it tightly, allowing for a secure grip.

"This paper serves as a proof-of-concept for this new technique, and we're excited about potential applications for this class of miniature soft actuators in small-scale soft robots, shape-shifting machines, and biomedical engineering."

This work was done with support from the National Science Foundation under grants 2126072 and 2329674.
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Scientists spot more Milky Way-like galaxies in early universe | ScienceDaily
University of Missouri scientists are peering into the past and uncovering new clues about the early universe. Since light takes a long time to travel through space, they are now able to see how galaxies looked billions of years ago.


						
In a new study, the Mizzou researchers have discovered that spiral galaxies were more common in the early universe than previously thought.

"Scientists formerly believed most spiral galaxies developed around 6 to 7 billion years after the universe formed," said Yicheng Guo, an associate professor in Mizzou's Department of Physics and Astronomy and co-author on the study. "However, our study shows spiral galaxies were already prevalent as early as 2 billion years afterward. This means galaxy formation happened more rapidly than we previously thought."

This insight could help scientists develop a better understanding of how spiral galaxies such as the Milky Way, Earth's home galaxy, formed over time.

"Knowing when spiral galaxies formed in the universe has been a popular question in astronomy because it helps us understand the evolution and history of the cosmos," said Vicki Kuhn, a graduate student in Mizzou's Department of Physics and Astronomy who led the study. "Many theoretical ideas exist about how spiral arms are formed, but the formation mechanisms can vary amongst different types of spiral galaxies. This new information helps us better match the physical properties of galaxies with theories -- creating a more comprehensive cosmic timeline."

Using recent images from NASA's James Webb Space Telescope (JWST), the scientists found that nearly 30% of galaxies have a spiral structure about 2 billion years after the universe formed. The discovery provides a significant update to the universe's origin story as previously told using data from NASA's Hubble Space Telescope.

Studying distant galaxies with JWST gives Guo, Kuhn and other scientists an opportunity to solve a cosmic puzzle by determining the meaning of each clue.

"Using advanced instruments such as JWST allows us to study more distant galaxies with greater detail than ever before," Guo said. "A galaxy's spiral arms are a fundamental feature used by astronomers to categorize galaxies and understand how they form over time. Even though we still have many questions about the universe's past, analyzing this data helps us uncover additional clues and deepens our understanding of the physics that shaped the nature of our universe."

"JWST Reveals a Surprisingly High Fraction of Galaxies Being Spiral-like at 0.5 [?] z [?] 4," was published in The Astrophysical Journal Letters. Additional co-authors are Alec Martin, Julianna Bayless, Ellie Gates and AJ Puleo. This project was supported by University of Missouri Research Council grants and the Missouri Space Grant Consortium.

This study was presented by Kuhn at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.
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Research on the visual rabbit illusion takes a leap forward | ScienceDaily
Researchers from Kyushu University have uncovered new variations to a traditional illusion, based on how we perceive the motion of flashing lights. Published on May 21 ini-Perception, the findings show that when three light flashes are presented in rapid succession in our side vision, our brain tends to perceive them in a straight line, with the second flash around the midpoint, no matter the actual location of the second flash. This research, which earned the journal's Early Career Best Paper Prize this year, offers new perspectives on perceptual errors and eyewitness testimony reliability.


						
For people without severe visual impairments, sight is the most vital sense. Yet, the information our eyes provide isn't always a faithful depiction of reality. One fascinating phenomenon that highlights this is the visual saltation illusion. When a series of light points flicker rapidly in the peripheral vision, we may mistake their true positions, thinking the flash is jumping from its original location to another spot. It appears as if a rabbit is jumping from one spot to another, which is why it's also called the "visual rabbit illusion."

In traditional experiments, this illusion is studied using three flashes that appear in two locations: the first two flashes at the exact same location on the left and the third flash on the right. Under these conditions, an illusion is created as the second flash is perceived roughly halfway between the two points.

But is this the only condition for the illusion to occur? Researchers at Kyushu University decided to experiment by changing the location of the second flash to see if that impacted the illusion. They fixed the first and third flashes in the peripheral vision, modified the flash duration and intervals to ensure the illusion occurred, and then conducted three experiments.

Their findings indicate that participants misperceived the second flash, placing it near the midpoint between the first and last flash. This illusion occurred regardless of whether the second flash was at the same location as the third or even further to the right of the third flash. "It's like a rabbit hopping back to the middle after the brain processes it," comments Sheryl Anne Manaligod de Jesus, the first author of the study and a doctoral student at Kyushu University's Graduate School of Design.

Additionally, the researchers found that the flashes do not need to be presented in a line for the illusion to happen. Even when the second flash appeared above or below the midpoint, its perceived location still tended to be near the center. This happens because when our visual system receives flashes in rapid succession, the brain processes them as a whole, leading to a perceptual reorganization of the flashes into a simpler, more coherent pattern.

One way to further investigate the visual saltation illusion's mechanisms is by providing the experimental results to artificial intelligence. Comparing human and AI responses could indicate whether our visual pathways are simpler or more complex than we imagine.

What we "see" is not solely dependent on our vision, it is often a construction of our brain, influenced by attention and memory. This questions the reliability of eyewitness testimony. "Our brain sometimes uses future events to interpret the past," says de Jesus, "This is called postdiction, meaning that how we perceive a past event, like the second flash, is influenced by what happens afterward. This results in the fascinating illusion of the flash appearing in a place, where it never really was."

As the study suggests, our peripheral vision, especially with fast-moving objects, is not completely reliable. Further research into visual saltation illusions is needed to help us better understand visual processing and potentially improve our peripheral vision. After studying how position changes affected the perceived "rabbit," the team's next step is to explore how attention impacts the illusion.

Where hops the rabbit? Or do we see a rabbit or a duck? How much does our brain mislead our sense of the visual world? Despite needing more research to fully understand these illusions, their power to enrich our lives with unique and enjoyable experiences is clear. As Professor Hiroyuki Ito, the supervisor of de Jesus and the second author from Kyushu University's Faculty of Design, remarks, "The most important thing is to enjoy the illusions."
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Virus-like nanoparticles control the multicellular organization and reproduction of host bacteria | ScienceDaily
Researchers from University of Tsukuba have discovered that virus-like nanoparticles can promote the multicellular organization and reproduction of host bacteria. These particles, which are evolutionarily related to phages (viruses that infect bacteria), contain an enzyme that helps shape the multicellular architecture and ultimately enhances morphological differentiation.


						
Viruses are ubiquitous in the environment, and organisms have developed various mechanisms to counter their threat. However, the genome of actinomycetes contains a highly conserved gene set encoding virus-like nanoparticles, although its biological significance has remained unclear.

In this study, researchers examined Streptomyces davawensis, an actinomycete species, and discovered that it produces virus-like particles that facilitate host reproduction. Extracellular DNA, which serves as a scaffold for multicellular organization, was significantly reduced in the colonies of mutant S. davawensis strains lacking virus-like particle production and cells trapped in abnormal aggregates. Detailed analysis revealed that the virus-like particles contain a unique enzyme (effector) crucial to their function, which partially degrades genomic DNA. The effector is released from the particle and localizes at the host cell membrane. The proposed model suggests that the effector partially degrades genomic DNA, bridging the intracellular and extracellular environments, thereby facilitating extracellular DNA release and providing a scaffold and nutrients for host cell reproduction. These findings reveal the exploitation mechanism of virus-related nanoparticles for bacterial proliferation and offer a novel strategy to reprogram virus-related nanoparticle functionality through modulation of effector activity for various applications in biotechnology.

This work was supported by a Grant-in-Aid for Scientific Research from the Japanese Society for the Promotion of Science (19K15726, 23K13863 and 23K26811), the Japan Science and Technology Agency (JPMJMI21G8 and JPMJGX23B2) and the Suntory Rising Stars Encouragement Program in Life Sciences (SunRiSE).
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Origins of fast radio bursts come into focus through polarized light | ScienceDaily
What scientists previously thought about where Fast Radio Bursts (FRBs) come from is just the tip of the iceberg, according to new research led by astronomers at the University of Toronto. The mysteries of the millisecond-long cosmic explosions are unfolding with a new way of analyzing data from the Canadian Hydrogen Intensity Mapping Experiment (CHIME).


						
Published today in The Astrophysical Journal, the study details the properties of polarized light from 128 non-repeating FRBs -- those from sources that have only produced a single burst to date. It finds that they appear to come from galaxies like our own Milky Way with modest densities and modest magnetic fields.

Previous studies of FRBs have focused on much smaller samples of hyperactive repeating sources that, in contrast, appear to originate in dense, extremely magnetized environments. Only about 3 per cent of known FRBs repeat, coming from a source that has produced multiple bursts since being found.

Most radio telescopes can only see small points in the sky, making it easier to focus on repeating FRBs with known positions. CHIME can survey an extremely large area of the sky to detect both repeating and non-repeating FRBs.

"This was the first look at the other 97 per cent," says lead author Ayush Pandhi, a PhD student at the Dunlap Institute for Astronomy & Astrophysics and the David A. Dunlap Department of Astronomy & Astrophysics at the University of Toronto. "It allows us to reconsider what we think FRBs are and see how repeating and non-repeating FRBs may be different."

First detected in 2007, FRBs are extremely energetic flashes from distant sources across the universe. While over 1,000 FRBs have been catalogued since then, scientists do not yet know exactly where or how they are produced. They have also questioned whether repeating and non-repeating FRBs originate in similar environments.

"This is a new way to analyze the data we have on FRBs. Instead of just looking at how bright something is, we're also looking at the angle of the light's vibrating electromagnetic waves," says Pandhi. "It gives you additional information about how and where that light is produced, and what it has passed through on its journey to us over many millions of light years."

All light travels as waves that we interpret as different colours depending on the lengths between its peaks and valleys. Much of the light in the universe travels in wavelengths that the human eye cannot see, including light from FRBs, but radio telescopes like CHIME can.




Polarized light is made up of waves that vibrate in a single plane -- vertically, horizontally, or another angle in between. The direction that light from FRBs is polarized was seen to change in two ways: with time and with the colour of the light. These changes can explain how an FRB might have been produced and what kind of material it passes through on its journey to Earth.

Studying how the direction of polarization changes for different colours of the light can tell us about the local density of where an FRB is produced and the strength of the magnetism that is present within it.

To determine what FRBs are and how they are produced, scientists need to understand their local environments. This study concludes that most FRBs, those that do not repeat, are not like the few repeating sources that have been previously studied. It suggests that this sample is either a separate population or more evolved versions of the same population that originate in a less extreme environment with a lower burst rate.

Collaborating institutions include the Dunlap Institute at the University of Toronto, the University of California Santa Cruz, University of Amsterdam and McGill University.

The CHIME project is co-led by the University of British Columbia, McGill University, University of Toronto and the Dominion Radio Astrophysical Observatory with collaborating institutions across North America. It is located at the Dominion Radio Astrophysical Observatory, a national facility for astronomy operated by the National Research Council of Canada, on the traditional, ancestral and unceded territory of the Syilx/Okanagan people.
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Algae offer real potential as a renewable electricity source | ScienceDaily
The need to transition away from fossil fuels to more sustainable energy production is critical. That's why a team of Concordia researchers is looking at a potential power source that not only produces no carbon emissions but removes carbon as it works: algae.


						
Researchers at the Optical-Bio Microsystems Lab recently published a new paper on this topic in the journal Energies. In it, they describe their method of extracting energy from the photosynthesis process of algae suspended in a specialized solution and housed in small power cells. Configured correctly, these cells can generate enough energy to power low- and ultra-low power devices such as Internet of Things (IoT) sensors.

"The idea of the micro photosynthetic power cell is to extract electrons produced through the process of photosynthesis," says Kirankumar Kuruvinashetti, PhD 20, now a Mitacs postdoctoral associate at the University of Calgary.

"Photosynthesis produces oxygen and electrons. Our model traps the electrons, which allows us to generate electricity. So more than being a zero-emission technology, it's a negative carbon emission technology: it absorbs carbon dioxide from the atmosphere and gives you a current. Its only byproduct is water."

Power generated day and night

The micro photosynthetic power cell consists of an anode and a cathode chamber separated by a honeycomb-shaped proton exchange membrane. The researchers fabricated microelectrodes on both sides of the membrane to collect the charges released by the algae during photosynthesis. Each chamber measures only two centimetres by two centimetres by four millimetres.

The algae are suspended in a two-millilitre solution in the anode chamber while the cathode is filled with potassium ferricyanide, a type of electron acceptor. Once the algae undergo photosynthesis and begin to release electrons, the electrons will be collected through the membrane's electrodes and conducted, creating a current.




The protons, meanwhile, will pass through the membrane into the cathode and cause oxidation, resulting in a potassium ferrocyanide reduction.

The process also works without direct sunlight, though at a lower intensity, explains PhD candidate and paper co-author Dhilippan Panneerselvam.

"Just like humans, algae are constantly breathing -- but they intake carbon dioxide and release oxygen. Due to their photosynthesis machinery, they also release electrons during respiration. The electricity generation is not stopped. The electrons are continuously harvested."

Muthukumaran Packirisamy, professor in the Department of Mechanical, Industrial and Aerospace Engineering and the paper's corresponding author, admits the system is not yet able to compete in power generation with others like photovoltaic cells. The maximum possible terminal voltage of a single micro photosynthetic power cell is only 1.0V.

But he believes that, with enough research and development, including artificial intelligence-assisted integration technologies, this technology has the potential to be a viable, affordable and clean power source in the future.

It also offers significant manufacturing advantages over other systems, he says.

"Our system does not use any of the hazardous gases or microfibres needed for the silicon fabrication technology that photovoltaic cells rely on. Furthermore, disposing of silicon computer chips is not easy. We use biocompatible polymers, so the whole system is easily decomposable and very cheap to manufacture."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240611130427.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Would astronauts' kidneys survive a roundtrip to Mars? | ScienceDaily
The structure and function of the kidneys is altered by space flight, with galactic radiation causing permanent damage that would jeopardise any mission to Mars, according to a new study led by researchers from UCL.


						
The study, published in Nature Communications, is the largest analysis of kidney health in space flight to date and includes the first health dataset for commercial astronauts. It is published as part of a Nature special collection of papers on space and health.

Researchers have known that space flight causes certain health issues since the 1970s, in the years after humans first travelled beyond Earth's magnetic field, most famously during the first moon landing in 1969. These issues include loss of bone mass, weakening of the heart and eyesight, and development of kidney stones.

It is thought that many of these issues stem from exposure to space radiation, such as solar winds from the Sun and Galactic Cosmic Radiation (GCR) from deep space, that the Earth's magnetic field protects us from on Earth1. As most manned space flights take place in Low Earth orbit (LEO) and receive partial protection from Earth's magnetic field, only the 24 people who have travelled to the moon have been exposed to unmitigated GCR and only for a short time (6-12 days).

Nobody has studied what changes might be happening in the kidneys and other organs as a result of conditions that would be experienced during space travel beyond Earth's magnetic field over longer periods.

In this Wellcome, St Peters Trust and Kidney Research UK (KRUK) funded study, a UCL-led team of researchers from over 40 institutions across five continents conducted a range of experiments and analyses to investigate how the kidneys respond to space flight.

This included biomolecular, physiological and anatomical assessments using data and samples from 20 study cohorts. This included samples from over 40 Low Earth orbit space missions involving humans and mice, most of which were to the International Space Station, as well as 11 space simulations involving mice and rats.




Seven of these simulations involved mice exposed to simulated GCR doses equivalent to 1.5-year and 2.5-year Mars Missions, mimicking space flight beyond Earth's magnetic field.

The results indicated that both human and animal kidneys are 'remodelled' by the conditions in space, with specific kidney tubules responsible for fine tuning calcium and salt balance showing signs of shrinkage after less than a month in space. Researchers say the likely cause of this is microgravity rather than GCR, though further research is required to determine if the interaction of microgravity and GCR can accelerate or worsen these structural changes.

The primary reason that kidney stones develop during space missions had previously been assumed to be solely due to microgravity-induced bone loss that leads to a build-up of calcium in the urine. Rather, the UCL team's findings indicated that the way the kidneys process salts is fundamentally altered by space flight and likely a primary contributor to kidney stone formation.

Perhaps the most alarming finding, at least for any astronaut considering a three-year round trip to Mars, is that the kidneys of mice exposed to radiation simulating GCR for 2.5 years experienced permanent damage and loss of function.

Dr Keith Siew, first author of the study from the London Tubular Centre, based at the UCL Department of Renal Medicine, said: "We know what has happened to astronauts on the relatively short space missions conducted so far, in terms of an increase in health issues such as kidney stones. What we don't know is why these issues occur, nor what is going to happen to astronauts on longer flights such as the proposed mission to Mars.

"If we don't develop new ways to protect the kidneys, I'd say that while an astronaut could make it to Mars they might need dialysis on the way back. We know that the kidneys are late to show signs of radiation damage; by the time this becomes apparent it's probably too late to prevent failure, which would be catastrophic for the mission's chances of success."

The authors say that though the results identify serious obstacles to a Mars mission, it is necessary to identify problems before solutions can be developed.




Professor Stephen B. Walsh, senior author of the study from the London Tubular Centre, UCL Department of Renal Medicine, said: "Our study highlights the fact that if you're planning a space mission, kidneys really matter. You can't protect them from galactic radiation using shielding, but as we learn more about renal biology it may be possible to develop technological or pharmaceutical measures to facilitate extended space travel.

"Any drugs developed for astronauts may also be beneficial here on Earth, for example by enabling cancer patients' kidneys to tolerate higher doses of radiotherapy, the kidneys being one of the limiting factors in this regard."

Though the study only describes what happens to the kidneys up to two and a half years, it is the most comprehensive data available for the time being.
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New technique could help build quantum computers of the future | ScienceDaily
Quantum computers have the potential to solve complex problems in human health, drug discovery, and artificial intelligence millions of times faster than some of the world's fastest supercomputers. A network of quantum computers could advance these discoveries even faster. But before that can happen, the computer industry will need a reliable way to string together billions of qubits -- or quantum bits -- with atomic precision.


						
Connecting qubits, however, has been challenging for the research community. Some methods form qubits by placing an entire silicon wafer in a rapid annealing oven at very high temperatures. With these methods, qubits randomly form from defects (also known as color centers or quantum emitters) in silicon's crystal lattice. And without knowing exactly where qubits are located in a material, a quantum computer of connected qubits will be difficult to realize.

But now, getting qubits to connect may soon be possible. A research team led by Lawrence Berkeley National Laboratory (Berkeley Lab) says that they are the first to use a femtosecond laser to create and "annihilate" qubits on demand, and with precision, by doping silicon with hydrogen.

The advance could enable quantum computers that use programmable optical qubits or "spin-photon qubits" to connect quantum nodes across a remote network. It could also advance a quantum internet that is not only more secure but could also transmit more data than current optical-fiber information technologies.

"To make a scalable quantum architecture or network, we need qubits that can reliably form on-demand, at desired locations, so that we know where the qubit is located in a material. And that's why our approach is critical," said Kaushalya Jhuria, a postdoctoral scholar in Berkeley Lab's Accelerator Technology & Applied Physics (ATAP) Division. She is the first author on a new study that describes the technique in the journal Nature Communications. "Because once we know where a specific qubit is sitting, we can determine how to connect this qubit with other components in the system and make a quantum network."

"This could carve out a potential new pathway for industry to overcome challenges in qubit fabrication and quality control," said principal investigator Thomas Schenkel, head of the Fusion Science & Ion Beam Technology Program in Berkeley Lab's ATAP Division. His group will host the first cohort of students from the University of Hawaii in June as part of a DOE Fusion Energy Sciences-funded RENEW project on workforce development where students will be immersed in color center/qubit science and technology.

Forming qubits in silicon with programmable control 

The new method uses a gas environment to form programmable defects called "color centers" in silicon. These color centers are candidates for special telecommunications qubits or "spin photon qubits." The method also uses an ultrafast femtosecond laser to anneal silicon with pinpoint precision where those qubits should precisely form. A femtosecond laser delivers very short pulses of energy within a quadrillionth of a second to a focused target the size of a speck of dust.




Spin photon qubits emit photons that can carry information encoded in electron spin across long distances -- ideal properties to support a secure quantum network. Qubits are the smallest components of a quantum information system that encodes data in three different states: 1, 0, or a superposition that is everything between 1 and 0.

With help from Boubacar Kante, a faculty scientist in Berkeley Lab's Materials Sciences Division and professor of electrical engineering and computer sciences (EECS) at UC Berkeley, the team used a near-infrared detector to characterize the resulting color centers by probing their optical (photoluminescence) signals.

What they uncovered surprised them: a quantum emitter called the Ci center. Owing to its simple structure, stability at room temperature, and promising spin properties, the Ci center is an interesting spin photon qubit candidate that emits photons in the telecom band. "We knew from the literature that Ci can be formed in silicon, but we didn't expect to actually make this new spin photon qubit candidate with our approach," Jhuria said.

The researchers learned that processing silicon with a low femtosecond laser intensity in the presence of hydrogen helped to create the Ci color centers. Further experiments showed that increasing the laser intensity can increase the mobility of hydrogen, which passivates undesirable color centers without damaging the silicon lattice, Schenkel explained.

A theoretical analysis performed by Liang Tan, staff scientist in Berkeley Lab's Molecular Foundry, shows that the brightness of the Ci color center is boosted by several orders of magnitude in the presence of hydrogen, confirming their observations from laboratory experiments.

"The femtosecond laser pulses can kick out hydrogen atoms or bring them back, allowing the programmable formation of desired optical qubits in precise locations," Jhuria said.




The team plans to use the technique to integrate optical qubits in quantum devices such as reflective cavities and waveguides, and to discover new spin photon qubit candidates with properties optimized for selected applications.

"Now that we can reliably make color centers, we want to get different qubits to talk to each other -- which is an embodiment of quantum entanglement -- and see which ones perform the best. This is just the beginning," said Jhuria.

"The ability to form qubits at programmable locations in a material like silicon that is available at scale is an exciting step towards practical quantum networking and computing," said Cameron Geddes, Director of the ATAP Division.

Theoretical analysis for the study was performed at the Department of Energy's National Energy Research Scientific Computing Center (NERSC) at Berkeley Lab with support from the NERSC QIS@Perlmutter program.

The Molecular Foundry and NERSC are DOE Office of Science user facilities at Berkeley Lab.

This work was supported by the DOE Office of Fusion Energy Sciences.
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Trash-sorting robot mimics complex human sense of touch | ScienceDaily
Today's intelligent robots can accurately recognize many objects through vision and touch. Tactile information, obtained through sensors, along with machine learning algorithms, enables robots to identify objects previously handled.


						
However, sensing is often confused when presented with objects similar in size and shape, or objects unknown to the robot. Other factors restrictive to robot perception include background noise and the same type of object with different shapes and sizes.

In Applied Physics Reviews, by AIP Publishing, researchers from Tsinghua University worked to break through the difficulties of robotic recognition of various common, yet complex, items.

Humans possess many different types of touch sensing, one of which is thermal feeling. This allows us to sense the wind blowing, perceive hot and cold, and discriminate between matter types, such as wood and metal, because of the different cooling sensations produced. The researchers aimed to mimic this ability by designing a robotic tactile sensing method that incorporated thermal sensations for more robust and accurate object detection.

"We propose utilizing spatiotemporal tactile sensing during hand grasping to extend the robotic function and ability to simultaneously perceive multi-attributes of the grasped object, including thermal conductivity, thermal diffusivity, surface roughness, contact pressure, and temperature," said author Rong Zhu.

The team created a layered sensor with material detection at the surface and pressure sensitivity at the bottom, with a porous middle layer sensitive to thermal changes. They paired this sensor with an efficient cascade classification algorithm that rules out object types in order, from easy to hard, starting with simple categories like empty cartons before moving on to orange peels or scraps of cloth.

To test the capabilities of their method, the team created an intelligent robot tactile system to sort garbage. The robot picked up a range of common trash items, including empty cartons, bread scraps, plastic bags, plastic bottles, napkins, sponges, orange peels, and expired drugs. It sorted the trash into separate containers for recyclables, food scraps, hazardous waste, and other waste. Their system achieved a classification accuracy of 98.85% in recognizing diverse garbage objects not encountered previously. This successful garbage sorting behavior could greatly reduce human labor in real-life scenarios and provide a broad applicability for smart life technologies.

Future research in this area will focus on enhancing robotic embodied intelligence and autonomous implementation.

"In addition, by combining this sensor with brain-computer interface technology, tactile information collected by the sensor could be converted into neural signals acceptable to the human brain, re-empowering tactile perception capabilities for people with hand disabilities," said Zhu.
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How did a satellite galaxy of the Milky Way come to be? | ScienceDaily
Crater 2, located approximately 380,000 light years from Earth, is one of the largest satellite galaxies of the Milky Way. Extremely cold and with slow-moving stars, Crater 2 has low surface brightness. How this galaxy originated remains unclear.


						
"Since its discovery in 2016, there have been many attempts to reproduce Crater 2's unusual properties, but it has proved very challenging," said Hai-Bo Yu, a professor of physics and astronomy at the University of California, Riverside, whose team now offers an explanation for Crater 2's origin in a paper published in The Astrophysical Journal Letters.

A satellite galaxy is a smaller galaxy that orbits a larger host galaxy. Dark matter makes up 85% of the universe's matter, and it can form a spherical structure under the influence of gravity called a dark matter halo. Invisible, the halo permeates and surrounds a galaxy like Crater 2. The fact that Crater 2 is extremely cold indicates its halo has a low density.

Yu explained that Crater 2 evolved in the tidal field of the Milky Way and experienced tidal interactions with the host galaxy, similar to how Earth's oceans experience tidal forces due to the gravity of the Moon. In theory, the tidal interactions can reduce the density of the dark matter halo.

However, the latest measurements of the orbit of Crater 2 around the Milky Way suggest the strength of the tidal interactions is too weak to lower the satellite galaxy's dark matter density to be consistent with its measurements -- if dark matter is made of cold, collisionless particles, as expected from the prevailing cold dark matter theory, or CDM.

"Another puzzle is how Crater 2 could have a large size, as the tidal interactions would reduce the size when the satellite galaxy evolves in the tidal field of the Milky Way," Yu said.

Yu and his team invoke a different theory to explain Crater 2's properties and origin. Called self-interacting dark matter, or SIDM, it can compellingly explain diverse dark matter distributions. It proposes that dark matter particles self-interact through a dark force, strongly colliding with one another close to the center of a galaxy.




"Our work shows that SIDM can explain the unusual properties of Crater 2," Yu said. "The key mechanism is that dark matter self-interactions thermalize the halo of Crater 2 and produce a shallow density core, that is, the dark matter density is flattened at small radii. In contrast, in a CDM halo, the density would increase sharply toward the center of the galaxy."

According to Yu, in SIDM, a relatively small strength of tidal interactions, consistent with what can be expected from measurements of Crater 2's orbit, is sufficient to lower Crater 2's dark matter density, consistent with observations.

"Importantly, the galaxy size also expands in a SIDM halo, which explains Crater 2's large size," Yu said. "Dark matter particles are just more loosely bound in a cored SIDM halo than in a 'cuspy' CDM halo. Our work shows that SIDM is better than CDM at explaining how Crater 2 originated."

Yu was joined in the study by Daneng Yang of UCR, and Xingyu Zhang and Haipeng An of Tsinghua University in China.

Yu's research was supported by the John Templeton Foundation and the U.S. Department of Energy.
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Lone Star State: Tracking a low-mass star as it speeds across the Milky Way | ScienceDaily
It may seem like the Sun is stationary while the planets in its orbit are moving, but the Sun is actually orbiting around the Milky Way galaxy at an impressive rate of about 220 kilometers per second -- almost half a million miles per hour. As fast as that may seem, when a faint red star was discovered crossing the sky at a noticeably quick pace, scientists took notice.


						
Thanks to the efforts of a citizen science project called Backyard Worlds: Planet 9 and a team of astronomers from around the country, a rare hypervelocity L subdwarf star has been found racing through the Milky Way. More remarkably, this star may be on a trajectory that causes it to leave the Milky Way altogether. The research, led by University of California San Diego Professor of Astronomy and Astrophysics Adam Burgasser, was presented today at a press conference during the 244th national meeting of the American Astronomical Society (AAS) in Madison, Wisconsin.

The star, charmingly named CWISE J124909+362116.0 ("J1249+36"), was first noticed by some of the over 80,000 citizen science volunteers participating in the Backyard Worlds: Planet 9 project, who comb through enormous reams of data collected over the past 14 years by NASA's Wide-field Infrared Survey Explorer (WISE) mission. This project capitalizes on the keen ability of humans, who are evolutionarily programmed to look for patterns and spot anomalies in a way that is unmatched by computer technology. Volunteers tag moving objects in data files and when enough volunteers tag the same object, astronomers investigate.

J1249+36 immediately stood out because of the speed at which it is moving across the sky, initially estimated at about 600 kilometers per second (1.3 million miles per hour). At this speed, the star is fast enough to escape the gravity of the Milky Way, making it a potential "hypervelocity" star.

To better understand the nature of this object, Burgasser turned to the W.M. Keck Observatory in Maunakea, Hawaii to measure its infrared spectrum. These data revealed that the object was a rare L subdwarf -- a class of stars with very low mass and temperature. Subdwarfs represent the oldest stars in the Milky Way.

The insight into J1249+36's composition was made possible by a new set of atmosphere models created by UC San Diego alumnus Roman Gerasimov, who worked with UC LEADS scholar Efrain Alvarado III to generate models specifically tuned to study L subdwarfs. "It was exciting to see that our models were able to accurately match the observed spectrum," said Alvarado, who is presenting his modeling work at the AAS meeting.

The spectral data, along with imaging data from several ground-based telescopes, allowed the team to accurately measure J1249+36's position and velocity in space, and thereby predict its orbit through the Milky Way. "This is where the source became very interesting, as its speed and trajectory showed that it was moving fast enough to potentially escape the Milky Way," stated Burgasser.




What gave this star a kick?

Researchers focused on two possible scenarios to explain J1249+36's unusual trajectory. In the first scenario, J1249+36 was originally the low-mass companion of a white dwarf. White dwarfs are the remnant cores of stars that have depleted their nuclear fuel and died out. When a stellar companion is in a very close orbit with a white dwarf, it can transfer mass, resulting in periodic outbursts called novae. If the white dwarf collects too much mass, it can collapse and explode as a supernova.

"In this kind of supernova, the white dwarf is completely destroyed, so its companion is released and flies off at whatever orbital speed it was originally moving, plus a little bit of a kick from the supernova explosion as well," said Burgasser. "Our calculations show this scenario works. However, the white dwarf isn't there anymore and the remnants of the explosion, which likely happened several million years ago, have already dissipated, so we don't have definitive proof that this is its origin."

In the second scenario, J1249+36 was originally a member of a globular cluster, a tightly bound cluster of stars, immediately recognizable by its distinct spherical shape. The centers of these clusters are predicted to contain black holes of a wide range of masses. These black holes can also form binaries, and such systems turn out to be great catapults for any stars that happen to wander too close to them.

"When a star encounters a black hole binary, the complex dynamics of this three-body interaction can toss that star right out of the globular cluster," explained Kyle Kremer, an incoming Assistant Professor in UC San Diego's Department of Astronomy and Astrophysics. Kremer ran a series of simulations and found that on rare occasions these kinds of interactions can kick a low-mass subdwarf out of a globular cluster and on a trajectory similar to that observed for J1249+36.

"It demonstrates a proof of concept," said Kremer, "but we don't actually know what globular cluster this star is from." Tracing J1249+36 back in time puts it in a very crowded part of the sky that may hide undiscovered clusters.

To determine whether either of these scenarios, or some other mechanism, can explain J1249+36's trajectory, Burgasser said the team hopes to look more closely at its elemental composition. For example, when a white dwarf explodes, it creates heavy elements that could have "polluted" the atmosphere of J1249+36 as it was escaping. The stars in globular clusters and satellite galaxies of the Milky Way also have distinct abundance patterns that may reveal the origin of J1249+36.

"We're essentially looking for a chemical fingerprint that would pinpoint what system this star is from," said Gerasimov, whose modeling work has enabled him to measure the element abundances of cool stars in several globular clusters, work he is also presenting at the AAS meeting.

Whether J1249+36's speedy journey was because of a supernova, a chance encounter with a black hole binary, or some other scenario, its discovery provides a new opportunity for astronomers to learn more about the history and dynamics of the Milky Way.
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NASA's Webb opens new window on supernova science | ScienceDaily
Peering deeply into the cosmos, NASA's James Webb Space Telescope is giving scientists their first detailed glimpse of supernovae from a time when our universe was just a small fraction of its current age. A team using Webb data has identified 10 times more supernovae in the early universe than were previously known. A few of the newfound exploding stars are the most distant examples of their type, including those used to measure the universe's expansion rate.


						
"Webb is a supernova discovery machine," said Christa DeCoursey, a third-year graduate student at the Steward Observatory and the University of Arizona in Tucson. "The sheer number of detections plus the great distances to these supernovae are the two most exciting outcomes from our survey."

DeCoursey presented these findings at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.

'A Supernova Discovery Machine'

To make these discoveries, the team analyzed imaging data obtained as part of the JWST Advanced Deep Extragalactic Survey (JADES) program. Webb is ideal for finding extremely distant supernovae because their light is stretched into longer wavelengths -- a phenomenon known as cosmological redshift.

Prior to Webb's launch, only a handful of supernovae had been found above a redshift of 2, which corresponds to when the universe was only 3.3 billion years old -- just 25% of its current age. The JADES sample contains many supernovae that exploded even further in the past, when the universe was less than 2 billion years old.

Previously, researchers used NASA's Hubble Space Telescope to view supernovae from when the universe was in the "young adult" stage. With JADES, scientists are seeing supernovae when the universe was in its "teens" or "pre-teens." In the future, they hope to look back to the "toddler" or "infant" phase of the universe.




To discover the supernovae, the team compared multiple images taken up to one year apart and looked for sources that disappeared or appeared in those images. These objects that vary in observed brightness over time are called transients, and supernovae are a type of transient. In all, the JADES Transient Survey Sample team uncovered about 80 supernovae in a patch of sky only about the thickness of a grain of rice held at arm's length.

"This is really our first sample of what the high-redshift universe looks like for transient science," said teammate Justin Pierel, a NASA Einstein Fellow at the Space Telescope Science Institute (STScI) in Baltimore, Maryland. "We are trying to identify whether distant supernovae are fundamentally different from or very much like what we see in the nearby universe."

Pierel and other STScI researchers provided expert analysis to determine which transients were actually supernovae and which were not, because often they looked very similar.

The team identified a number of high-redshift supernovae, including the farthest one ever spectroscopically confirmed, at a redshift of 3.6. Its progenitor star exploded when the universe was only 1.8 billion years old. It is a so-called core-collapse supernova, an explosion of a massive star.

Uncovering Distant Type Ia Supernovae

Of particular interest to astrophysicists are Type Ia supernovae. These exploding stars are so predictably bright that they are used to measure far-off cosmic distances and help scientists to calculate the universe's expansion rate. The team identified at least one Type Ia supernova at a redshift of 2.9. The light from this explosion began traveling to us 11.5 billion years ago when the universe was just 2.3 billion years old. The previous distance record for a spectroscopically confirmed Type Ia supernova was a redshift of 1.95, when the universe was 3.4 billion years old.




Scientists are eager to analyze Type Ia supernovae at high redshifts to see if they all have the same intrinsic brightness, regardless of distance. This is critically important, because if their brightness varies with redshift, they would not be reliable markers for measuring the expansion rate of the universe.

Pierel analyzed this Type Ia supernova found at redshift 2.9 to determine if its intrinsic brightness was different than expected. While this is just the first such object, the results indicate no evidence that Type Ia brightness changes with redshift. More data is needed, but for now, Type Ia supernova-based theories about the universe's expansion rate and its ultimate fate remain intact. Pierel also presented his findings at the 244th meeting of the American Astronomical Society.

Looking Toward the Future

The early universe was a very different place with extreme environments. Scientists expect to see ancient supernovae that come from stars that contain far fewer heavy chemical elements than stars like our Sun. Comparing these supernovae with those in the local universe will help astrophysicists understand star formation and supernova explosion mechanisms at these early times.

"We're essentially opening a new window on the transient universe," said STScI Fellow Matthew Siebert, who is leading the spectroscopic analysis of the JADES supernovae. "Historically, whenever we've done that, we've found extremely exciting things -- things that we didn't expect."

"Because Webb is so sensitive, it's finding supernovae and other transients almost everywhere it's pointed," said JADES team member Eiichi Egami, a research professor at the University of Arizona in Tucson. "This is the first significant step toward more extensive surveys of supernovae with Webb."

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency). 
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Researchers engineer new approach for controlling thermal emission | ScienceDaily
If a material absorbs light, it will heat up. That heat must go somewhere, and the ability to control where and how much heat is emitted can protect or even hide such devices as satellites. An international team of researchers, including those from Penn State, has developed a novel method for controlling this thermal emission, with what they called promising implications for thermal management and thermal camouflage technologies.


						
The team published their work on June 7 in the print edition of Science.

Led by researchers at The University of Manchester's National Graphene Institute in England and the Penn State College of Engineering in the United States, with experts from Koc University in Turkey and Vienna University of Technology in Austria, the team demonstrated a way to build an interface that joins two surfaces with different geometric properties to localize thermal emissions from both surfaces, enabling a "perfect" thermal emitter. This means that the designed platform can emit thermal light from contained, designated emission areas with unit emissivity, or that the platform emits the strongest thermal radiation possible at that temperature.

"We have demonstrated a new class of thermal devices using concepts from topology -- a branch of mathematics studying properties of geometric objects -- and from non-Hermitian photonics, which is a flourishing area of research studying light and its interaction with matter in the presence of losses, optical gain and certain symmetries," said corresponding author Coskun Kocabas, professor of 2D device materials at The University of Manchester.

The team said the work could advance thermal photonic applications to better generate, control and detect thermal emission. One application of this work could be in satellites, said co-author Sahin Ozdemir, professor of engineering science and mechanics at Penn State. Faced with significant exposure to heat and light, satellites equipped with the interface could emit the absorbed radiation with unit emissivity along a specifically designated area designed by researchers to be incredibly narrow and in whatever shape is deemed necessary.

Getting to this point, though, was not straightforward, according to Ozdemir. He explained part of the issue is limiting the perfect thermal absorber-emitter to the interface while the rest of the structures forming the platform remains "cold," meaning those structures do not absorb or emit any form of energy.

"Building such a perfect absorber-emitter has been a major challenge," Ozdemir said.




It is slightly easier to build an absorber-emitter at a desired frequency -- as opposed to a perfect absorber-emitter that can absorb and emit any frequency -- by trapping the light inside an optical cavity, the researchers said. The optical cavity comprises two mirrors, the first of which only partially reflects light, while the second completely reflects light. This setup enables what researchers call the "critical coupling condition," where the incoming light partially reflected by the first mirror and the reflected light trapped between the two mirrors cancel each other out exactly. This completely suppresses the reflection, so the light beam becomes trapped in the system, getting perfectly absorbed and then emitted in the form of thermal radiation.

"We took a different approach in this work, though, by bridging two structures with different topologies, meaning they absorb and emit radiation differently," Ozdemir said. "The structures are not at the critical coupling point, so they are not considered a perfect absorber-emitter -- but their interface exhibits perfect absorption and emission."

To achieve such an interface, the researchers developed a cavity stacked with a thick gold layer that perfectly reflects incoming light and a thin platinum layer that can partially reflect incoming light. The platinum layer, which comprises two separate thicknesses stitched together, also acts as a broadband thermal absorber-emitter. Between the two mirrors, the researchers placed a transparent dielectric, or material that insulates against electrical conductivity, called parylene-C.

The researchers can adjust the thickness of the platinum layer as needed to induce the critical coupling condition at the stitched interface and trap incoming light to be perfectly absorbed. They also can move the system away from the critical coupling to sub- or super-critical coupling, where perfect absorption and emission cannot take place.

"By finely tuning the thickness of the platinum layer to a critical thickness of about 2.3 nanometers, we bring the cavity to the critical coupling condition where the system exhibits perfect absorption and, as a result, perfect emission," said first author M. Said Ergoktas, a research associate in materials engineering at The University of Manchester. "Only by stitching two platinum layers with thicknesses smaller and larger than the critical thickness over the same dielectric layer, can we create a topological interface of two cavities where perfect absorption and emission are confined. A crucial point here is that the cavities forming the interface are not at critical coupling condition, but that the interface itself is."

The development challenges conventional understanding of thermal emission in the field, according to co-author Stefan Rotter, a researcher at the Vienna University of Technology in Austria.




"Every hot object radiates heat in the form of incoherent, random light," Rotter said. "Traditionally, it has been believed that thermal radiation cannot have topological properties because of its incoherent nature."

This work, however, demonstrated that thermal emission can be engineered to have topological characteristics, which can create strongly confined states of light that emit only from the topological interface between two surfaces. The researchers said they also can design the parameters of the interface to any shape, from a narrow line to something more complicated, like the outline of the United Kingdom.

According to Kocabas, their approach to building topological systems for controlling radiation is easily accessible to scientists and engineers.

"This can be as simple as creating a film divided into two regions with different thicknesses such that one side satisfies sub-critical coupling, and the other is in the super-critical coupling regime, dividing the system into two different topological classes," Kocabas said.

The realized interface exhibits perfect thermal emissivity, which is protected by the reflection topology and "exhibits robustness against local perturbations and defects," according to co-author Ali Kecebas, a postdoctoral scholar at Penn State. The team used experiments and numerical simulations to confirm the system's topological features, as well as the non-Hermitian physics underpinning how the system works.

Contributors include Sina Soleymani, who earned a doctorate in engineering science and mechanics from Penn State in 2021 when the first phases of this work were completed; Konstantinos Despotelis, Gokhan Bakan and Alessandro Principi, University of Manchester; and Askin Kocabas, Koc University, Turkey.

The European Research Council, Consolidator Grant, the Air Force Office of Scientific Research Multidisciplinary University Research Initiative (MURI) Award on Programmable Systems with Non-Hermitian Quantum Dynamics and the Air Force Office of Scientific Research Award supported this work.
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Four-legged, dog-like robot 'sniffs' hazardous gases in inaccessible environments | ScienceDaily
Nightmare material or truly man's best friend? A team of researchers equipped a dog-like quadruped robot with a mechanized arm that takes air samples from potentially treacherous situations, such as an abandoned building or fire. The robot dog walks samples to a person who screens them for potentially hazardous compounds, says the team that published its study in ACS' Analytical Chemistry. While the system needs further refinement, demonstrations show its potential value in dangerous conditions.


						
Testing the air for dangerous chemicals in risky workplaces or after an accident, such as a fire, is an important but very dangerous task for scientists and technicians. To keep humans out of harm's way, Bin Hu and colleagues are developing mobile detection systems for hazardous gases and volatile organic compounds (VOCs) by building remote-controlled sampling devices like aerial drones and tiny remotely operated ships. The team's latest entry into this mechanical menagerie is a dog-like robot with an articulated testing arm mounted on its back. The independently controlled arm is loaded with three needle trap devices (NTDs) that can collect air samples at any point during the robot's terrestrial mission.

The researchers test-drove their four-legged "lab" through a variety of inaccessible environments, including a garbage disposal plant, sewer system, gasoline fireground and chemical warehouse, to sample the air for hazardous VOCs. While the robot had trouble navigating effectively in rainy and snowy weather, it collected air samples and returned them to the portable mass spectrometer (MS) for onsite analysis in less time than it would take to transfer the samples to an off-site laboratory -- and without putting a technician in a dangerous environment. The researchers say the robot-MS system represents a "smart" and safer approach for detecting potentially harmful compounds.

The authors acknowledge funding from the Guangzhou Science and Technology Program and the National Natural Science Foundation of China. 
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Protocol for creating 'wired miniature brains' | ScienceDaily
Researchers worldwide can now create highly realistic brain cortical organoids -- essentially miniature artificial brains with functioning neural networks -- thanks to a proprietary protocol released this month by researchers at the University of California San Diego.


						
The new technique, published in Nature Protocols, paves the way for scientists to perform more advanced research regarding autism, schizophrenia and other neurological disorders in which the brain's structure is usually typical, but electrical activity is altered. That's according to Alysson Muotri, Ph.D., corresponding author and director of the UC San Diego Sanford Stem Cell Institute (SSCI) Integrated Space Stem Cell Orbital Research Center. The SSCI is directed by Dr. Catriona Jamieson, a leading physician-scientist in cancer stem cell biology whose research explores the fundamental question of how space alters cancer progression.

The newly detailed method allows for the creation of tiny replicas of the human brain so realistic that they rival "the complexity of the fetal brain's neural network," according to Muotri, who is also a professor in the UC San Diego School of Medicine's Departments of Pediatrics and Cellular and Molecular Medicine. His brain replicas have already traveled to the International Space Station (ISS), where their activity was studied under conditions of microgravity.

Two other protocols for creating brain organoids are publicly accessible, but neither allow researchers to study the brain's electrical activity. Muotri's method, however, allows researchers to study neural networks created from the stem cells of patients with various neurodevelopmental conditions.

"You no longer need to create different regions and assemble them together," said Muotri, adding that his protocol allows different brain areas -- like the cortex and midbrain -- "to co-develop, as naturally observed in human development."

"I believe we will see many derivations of this protocol in the future for the study of different brain circuits," he added.

Such "mini brains" can be used to test potentially therapeutic drugs and even gene therapies before patient use, as well as to screen for efficacy and side effects, according to Muotri.




A plan to do so is already in the works. Muotri and researchers at the Federal University of Amazonas in Manaus, Amazonas, Brazil, are teaming up to record and investigate Amazonian tribal remedies for Alzheimer's disease -- not on Earth-based mouse models, but on diseased human brain organoids in space.

A recent Humans in Space grant -- awarded by Boryung, a leading health care investment company based in South Korea -- will help fuel the research project, which spans multiple continents and habitats, from the depths of the Amazon rainforest to Muotri's lab on the coast of California -- and, eventually, to the International Space Station.

Other research possibilities for the brain organoids include disease modeling, understanding human consciousness and additional space-based experiments. In March, Muotri -- in partnership with NASA -- sent to space a number of brain organoids made from the stem cells of patients with Alzheimer's disease and ALS (amyotrophic lateral sclerosis, also known as Lou Gehrig's disease). The payload returned in May and results, which will eventually be published, are being reviewed.

Because microgravity mimics an accelerated version of Earth-based aging, Muotri should be able to witness the effects of several years of disease progression while studying the month-long mission's payload, including potential changes in protein production, signaling pathways, oxidative stress and epigenetics.

"We're hoping for novel findings -- things researchers haven't discovered before," he said. "Nobody has sent such a model into space, until now."

Co-authors of the study include Michael Q. Fitzgerald, Tiffany Chu, Francesca Puppo, Rebeca Blanch and Shankar Subramaniam, all of UC San Diego, and Miguel Chillon, of the Universitat Autonoma de Barcelona and the Institucio Catalana de Recerca i Estudis Avancats, both in Barcelona, Spain. Blanch is also affiliated with the Universitat Autonoma de Barcelona.

This work was supported by the National Institutes of Health R01MH100175, R01NS105969, MH123828, R01NS123642, R01MH127077, R01ES033636, R21MH128827, R01AG078959, R01DA056908, R01HD107788, R01HG012351, R21HD109616, R01MH107367, California Institute for Regenerative Medicine (CIRM) DISC2-13515 and a grant from the Department of Defense W81XWH2110306.
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Hubble finds surprises around a star that erupted 40 years ago | ScienceDaily
Astronomers have used new data from NASA's Hubble Space Telescope and the retired SOFIA (Stratospheric Observatory for Infrared Astronomy) as well as archival data from other missions to revisit one of the strangest binary star systems in our galaxy -- 40 years after it burst onto the scene as a bright and long-lived nova. A nova is a star that suddenly increases its brightness tremendously and then fades away to its former obscurity, usually in a few months or years.


						
Between April and September 1975, the binary system HM Sagittae (HM Sge) grew 250 times brighter. Even more unusual, it did not rapidly fade away as novae commonly do, but has maintained its luminosity for decades. Recently, observations show that the system has gotten hotter, but paradoxically faded a little.

HM Sge is a particular kind of symbiotic star where a white dwarf and a bloated, dust-producing giant companion star are in an eccentric orbit around each other, and the white dwarf ingests gas flowing from the giant star. That gas forms a blazing hot disk around the white dwarf, which can unpredictably undergo a spontaneous thermonuclear explosion as the infall of hydrogen from the giant grows denser on the surface until it reaches a tipping point. These fireworks between companion stars fascinate astronomers by yielding insights into the physics and dynamics of stellar evolution in binary systems.

"In 1975 HM Sge went from being a nondescript star to something all astronomers in the field were looking at, and at some point that flurry of activity slowed down," said Ravi Sankrit of the Space Telescope Science Institute (STScI) in Baltimore. In 2021, Steven Goldman of STScI, Sankrit and collaborators used instruments on Hubble and SOFIA to see what had changed with HM Sge in the last 30 years at wavelengths of light from the infrared to the ultraviolet (UV).

The 2021 ultraviolet data from Hubble showed a strong emission line of highly ionized magnesium that was not present in earlier published spectra from 1990. Its presence shows that the estimated temperature of the white dwarf and accretion disk increased from less than 400,000 degrees Fahrenheit in 1989 to greater than 450,000 degrees Fahrenheit now. The highly ionized magnesium line is one of many seen in the UV spectrum, which analyzed together will reveal the energetics of the system, and how it has changed in the last three decades.

"When I first saw the new data," Sankrit said, "I went -- 'wow this is what Hubble UV spectroscopy can do!' -- I mean it's spectacular, really spectacular."

With data from NASA's flying telescope SOFIA, which retired in 2022, the team was able to detect the water, gas, and dust flowing in and around the system. Infrared spectral data shows that the giant star, which produces copious amounts of dust, returned to its normal behavior within only a couple years of the explosion, but also that it has dimmed in recent years, which is another puzzle to be explained.




With SOFIA astronomers were able to see water moving at around 18 miles per second, which they suspect is the speed of the sizzling accretion disk around the white dwarf. The bridge of gas connecting the giant star to the white dwarf must presently span about 2 billion miles.

The team has also been working with the AAVSO (American Association of Variable Star Observers), to collaborate with amateur astronomers from around the world who help keep telescopic eyes on HM Sge; their continued monitoring reveals changes that haven't been seen since its outburst 40 years ago.

"Symbiotic stars like HM Sge are rare in our galaxy, and witnessing a nova-like explosion is even rarer. This unique event is a treasure for astrophysicists spanning decades," said Goldman.

The initial results from the team's research were published in the Astrophysical Journal, and Sankrit is presenting research focused on the UV spectroscopy at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.
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Researchers demonstrate the first chip-based 3D printer | ScienceDaily
Imagine a portable 3D printer you could hold in the palm of your hand. The tiny device could enable a user to rapidly create customized, low-cost objects on the go, like a fastener to repair a wobbly bicycle wheel or a component for a critical medical operation.


						
Researchers from MIT and the University of Texas at Austin took a major step toward making this idea a reality by demonstrating the first chip-based 3D printer. Their proof-of-concept device consists of a single, millimeter-scale photonic chip that emits reconfigurable beams of light into a well of resin that cures into a solid shape when light strikes it.

The prototype chip has no moving parts, instead relying on an array of tiny optical antennas to steer a beam of light. The beam projects up into a liquid resin that has been designed to rapidly cure when exposed to the beam's wavelength of visible light.

By combining silicon photonics and photochemistry, the interdisciplinary research team was able to demonstrate a chip that can steer light beams to 3D print arbitrary two-dimensional patterns, including the letters M-I-T. Shapes can be fully formed in a matter of seconds.

In the long run, they envision a system where a photonic chip sits at the bottom of a well of resin and emits a 3D hologram of visible light, rapidly curing an entire object in a single step.

This type of portable 3D printer could have many applications, such as enabling clinicians to create tailor-made medical device components or allowing engineers to make rapid prototypes at a job site.

"This system is completely rethinking what a 3D printer is. It is no longer a big box sitting on a bench in a lab creating objects, but something that is handheld and portable. It is exciting to think about the new applications that could come out of this and how the field of 3D printing could change," says senior author Jelena Notaros, the Robert J. Shillman Career Development Professor in Electrical Engineering and Computer Science (EECS), and a member of the Research Laboratory of Electronics.




Joining Notaros on the paper are Sabrina Corsetti, lead author and EECS graduate student; Milica Notaros PhD '23; Tal Sneh, an EECS graduate student; Alex Safford, a recent graduate of the University of Texas at Austin; and Zak Page, an assistant professor in the Department of Chemical Engineering at UT Austin. The research appears today in Nature Light Science and Applications.

Printing with a chip

Experts in silicon photonics, the Notaros group previously developed integrated optical-phased-array systems that steer beams of light using a series of microscale antennas fabricated on a chip using semiconductor manufacturing processes. By speeding up or delaying the optical signal on either side of the antenna array, they can move the beam of emitted light in a certain direction.

Such systems are key for lidar sensors, which map their surroundings by emitting infrared light beams that bounce off nearby objects. Recently, the group has focused on systems that emit and steer visible light for augmented-reality applications.

They wondered if such a device could be used for a chip-based 3D printer.

At about the same time they started brainstorming, the Page Group at UT Austin demonstrated specialized resins that can be rapidly cured using wavelengths of visible light for the first time. This was the missing piece that pushed the chip-based 3D printer into reality.




"With photocurable resins, it is very hard to get them to cure all the way up at infrared wavelengths, which is where integrated optical-phased-array systems were operating in the past for lidar," Corsetti says. "Here, we are meeting in the middle between standard photochemistry and silicon photonics by using visible-light-curable resins and visible-light-emitting chips to create this chip-based 3D printer. You have this merging of two technologies into a completely new idea."

Their prototype consists of a single photonic chip containing an array of 160-nanometer-thick optical antennas. (A sheet of paper is about 100,000 nanometers thick.) The entire chip fits onto a U.S. quarter.

When powered by an off-chip laser, the antennas emit a steerable beam of visible light into the well of photocurable resin. The chip sits below a clear slide, like those used in microscopes, which contains a shallow indentation that holds the resin. The researchers use electrical signals to nonmechanically steer the light beam, causing the resin to solidify wherever the beam strikes it.

A collaborative approach

But effectively modulating visible-wavelength light, which involves modifying its amplitude and phase, is especially tricky. One common method requires heating the chip, but this is inefficient and takes a large amount of physical space.

Instead, the researchers used liquid crystal to fashion compact modulators they integrate onto the chip. The material's unique optical properties enable the modulators to be extremely efficient and only about 20 microns in length.

A single waveguide on the chip holds the light from the off-chip laser. Running along the waveguide are tiny taps which tap off a little bit of light to each of the antennas.

The researchers actively tune the modulators using an electric field, which reorients the liquid crystal molecules in a certain direction. In this way, they can precisely control the amplitude and phase of light being routed to the antennas.

But forming and steering the beam is only half the battle. Interfacing with a novel photocurable resin was a completely different challenge.

The Page Group at UT Austin worked closely with the Notaros Group at MIT, carefully adjusting the chemical combinations and concentrations to zero-in on a formula that provided a long shelf-life and rapid curing.

In the end, the group used their prototype to 3D print arbitrary two-dimensional shapes within seconds.

Building off this prototype, they want to move toward developing a system like the one they originally conceptualized -- a chip that emits a hologram of visible light in a resin well to enable volumetric 3D printing in only one step.

"To be able to do that, we need a completely new silicon-photonics chip design. We already laid out a lot of what that final system would look like in this paper. And, now, we are excited to continue working towards this ultimate demonstration," Jelena Notaros says.

This work was funded, in part, by the U.S. National Science Foundation, the U.S. Defense Advanced Research Projects Agency, the Robert A. Welch Foundation, the MIT Rolf G. Locher Endowed Fellowship, and the MIT Frederick and Barbara Cronin Fellowship.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240610170911.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Webb telescope reveals asteroid collision in neighboring star system | ScienceDaily
Astronomers have captured what appears to be a snapshot of a massive collision of giant asteroids in Beta Pictoris, a neighboring star system known for its early age and tumultuous planet-forming activity.


						
The observations spotlight the volatile processes that shape star systems like our own, offering a unique glimpse into the primordial stages of planetary formation.

"Beta Pictoris is at an age when planet formation in the terrestrial planet zone is still ongoing through giant asteroid collisions, so what we could be seeing here is basically how rocky planets and other bodies are forming in real time," said Christine Chen, a Johns Hopkins University astronomer who led the research.

The insights will be presented today at the 244th Meeting of the American Astronomical Society in Madison, Wisconsin.

Chen's team spotted significant changes in the energy signatures emitted by dust grains around Beta Pictoris by comparing new data from the James Webb Space Telescope with observations by the Spitzer Space Telescope from 2004 and 2005. With Webb's detailed measurements, the team tracked the dust particles' composition and size in the exact area previously analyzed by Spitzer.

Focusing on heat emitted by crystalline silicates -- minerals commonly found around young stars as well as on Earth and other celestial bodies -- the scientists found no traces of the particles previously seen in 2004-05. This suggests a cataclysmic collision occurred among asteroids and other objects about 20 years ago, pulverizing the bodies into fine dust particles smaller than pollen or powdered sugar, Chen said.

"We think all that dust is what we saw initially in the Spitzer data from 2004 and 2005," said Chen, who is also an astronomer at the Space Telescope Science Institute. "With Webb's new data, the best explanation we have is that, in fact, we witnessed the aftermath of an infrequent, cataclysmic event between large asteroid-size bodies, marking a complete change in our understanding of this star system."

The new data suggests dust that was dispersed outward by radiation from the system's central star is no longer detectable, Chen said. Initially, dust near the star heated up and emitted thermal radiation that Spitzer's instruments identified. Now, dust that cooled off as it moved far away from the star no longer emits those thermal features.




When Spitzer collected the earlier data, scientists assumed something like small bodies grinding down would stir and replenish the dust steadily over time. But Webb's new observations show the dust disappeared and was not replaced. The amount of dust kicked up is about 100,000 times the size of the asteroid that killed the dinosaurs, Chen said.

Beta Pictoris, located about 63 light years from Earth, has long been a focal point for astronomers because of its proximity and random processes where collisions, space weathering, and other planet-making factors will dictate the system's fate.

At only 20 million years -- compared to our 4.5-billion-year-old solar system -- Beta Pictoris is at a key age where giant planets have formed but terrestrial planets might still be developing. It has at least two known gas giants, Beta Pic b and c, which also influence the surrounding dust and debris.

"The question we are trying to contextualize is whether this whole process of terrestrial and giant planet formation is common or rare, and the even more basic question: Are planetary systems like the solar system that rare?" said co-author Kadin Worthen, a doctoral student in astrophysics at Johns Hopkins. "We're basically trying to understand how weird or average we are."

The new insights also underscore the unmatched capability of the Webb telescope to unveil the intricacies of exoplanets and star systems, the team reports. They offer key clues into how the architectures of other solar systems resemble ours and will likely deepen scientists' understanding of how early turmoil influences planets' atmospheres, water content, and other key aspects of habitability.

"Most discoveries by JWST come from things the telescope has detected directly," said co-author Cicero Lu, a former Johns Hopkins doctoral student in astrophysics. "In this case, the story is a little different because our results come from what JWST did not see."

Other authors are Yiwei Chai and Alexis Li of Johns Hopkins; David R. Law, B.A. Sargent, G.C. Sloan, Julien H. Girard, Dean C. Hines, Marshall Perrin and Laurent Pueyo of the Space Telescope Science Institute; Carey M. Lisse of the Johns Hopkins University Applied Physics Laboratory; Dan M. Watson of the University of Rochester; Jens Kammerer of the European Southern Observatory; Isabel Rebollido of the European Space Agency; and Christopher Stark of NASA Goddard Space Flight Center.

The research was supported by the National Aeronautics and Space Administration under Grant No. 80NSSC22K1752.
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Researchers create skin-inspired sensory robots to provide medical treatment | ScienceDaily
University of North Carolina at Chapel Hill scientists have created innovative soft robots equipped with electronic skins and artificial muscles, allowing them to sense their surroundings and adapt their movements in real-time, according to the paper, "Skin-Inspired, Sensory Robots for Electronic Implants," in Nature Communications.


						
In their research, funded by the National Science Foundation and the National Institutes of Health, the robots are designed to mimic the way muscles and skin work together in animals, making them more effective and safer to use inside the body. The e-skin integrates various sensing materials, such as silver nanowires and conductive polymers within a flexible base, closely resembling the complex sensory functions of real skin.

"These soft robots can perform a variety of well-controlled movements, including bending, expanding and twisting inside biological environments," said Lin Zhang, first author of the paper and a postdoctoral fellow in Carolina's Department of Applied Physical Sciences. "They are designed to attach to tissues gently, reducing stress and potential damage. Inspired by natural shapes like starfish and seedpods, they can transform their structures to perform different tasks efficiently."

These features make soft sensory robots highly adaptable and useful for enhancing medical diagnostics and treatments. They can change shape to fit organs for better sensing and treatment; are capable of continuous monitoring of internal conditions, like bladder volume and blood pressure; provide treatments, such as electrical stimulation, based on real-time data; and can be swallowed to monitor and treat conditions in the stomach.

An ingestible robot capable of residing in the stomach called a thera-gripper, can monitor pH levels and deliver drugs over an extended period, improving treatment outcomes for gastrointestinal conditions. The thera-gripper can also gently attach to a beating heart, continuously monitoring electrophysiological activity, measuring cardiac contraction and providing electrical stimulation to regulate heart rhythm.

A robotic gripper designed to wrap around a person's bladder can measure its volume and provide electrical stimulation to treat the overactive one, enhancing patient care and treatment efficacy. A robotic cuff that twists around a blood vessel can accurately measure blood pressure in real time, offering a non-invasive and precise monitoring solution.

"Tests on mice have demonstrated the thera-gripper's capability to perform these functions effectively, showcasing its potential as a next-generation cardiac implant," said Zhang.

The Bai Lab collaborated on the study with UNC-Chapel Hill researchers in the Department of Biology; Department of Biomedical Engineering; Department of Chemistry; Joint Department of Biomedical Engineering and McAllister Heart Institute; North Carolina State University; and Weldon School of Biomedical Engineering at Purdue University.

The researchers' success in live animal models suggests a promising future for these robots in real-world medical applications, potentially revolutionizing the treatment of chronic diseases and improving patient outcomes.

"This innovative approach to robot design not only broadens the scope of medical devices but also highlights the potential for future advancements in the synergistic interaction between soft implantable robots and biological tissues," said Wubin Bai, principal investigator of the research and Carolina assistant professor. "We're aiming for long-term biocompatibility and stability in dynamic physiological environments."
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The solar system may have passed through dense interstellar clouds 2 million years ago, altering Earth's climate | ScienceDaily
Around two million years ago, Earth was a very different place, with our early human ancestors living alongside saber-toothed tigers, mastodons, and enormous rodents. And, depending on where they were, they may have been cold: Earth had fallen into a deep freeze, with multiple ice ages coming and going until about 12,000 years ago. Scientists theorize that ice ages occur for a number of reasons, including the planet's tilt and rotation, shifting plate tectonics, volcanic eruptions, and carbon dioxide levels in the atmosphere. But what if drastic changes like these are not only a result of Earth's environment, but also the sun's location in the galaxy?


						
In a new paper published in Nature Astronomy, lead authorand astrophysicist Merav Opher -- an astronomy professor at Boston University and fellow at Harvard Radcliffe Institute -- found evidence that some two million years ago, the solar system encountered an interstellar cloud so dense that it could have interfered with the sun's solar wind. Opher and her co-authors believe this shows that the sun's location in space might shape Earth's history more than previously considered.

Our whole solar system is swathed in a protective plasma shield that emanates from the sun, known as the heliosphere. It's made from a constant flow of charged particles, called solar wind, that stretch well past Pluto, wrapping the planets in what NASA calls a "a giant bubble." It protects us from radiation and galactic rays that could alter DNA, and scientists believe it's part of the reason life evolved on Earth as it did. According to the latest paper, the cold cloud compressed the heliosphere in such a way that it briefly placed Earth and the other planets in the solar system outside of the heliosphere's influence.

"This paper is the first to quantitatively show there was an encounter between the sun and something outside of the solar system that would have affected Earth's climate," says Opher, who is an expert on the heliosphere. Her models have quite literally shaped our scientific understanding of the heliosphere, and how the bubble is structured by the solar wind pushing up against the interstellar medium -- which is the space in between stars and beyond the heliosphere in our galaxy. Her theory is that the heliosphere is shaped like a puffy croissant, an idea that shook the space physics community. Now, she's shedding new light on how the heliosphere, and where the sun moves through space, could affect Earth's atmospheric chemistry.

"Stars move, and now this paper is showing not only that they move, but they encounter drastic changes," says Opher. She first discovered and began working on this study during a yearlong fellowship at Harvard Radcliffe Institute.

To study this phenomenon, Opher and her collaborators essentially looked back in time, using sophisticated computer models to visualize where the sun was positioned two million years in the past -- and, with it, the heliosphere, and the rest of the solar system. They also mapped the path of the Local Ribbon of Cold Clouds system, a string of large, dense, very cold clouds mostly made of hydrogen atoms. Their simulations showed that one of the clouds close to the end of that ribbon, named the Local Lynx of Cold Cloud, could have collided with the heliosphere.

If that had happened, says Opher, Earth would have been fully exposed to the interstellar medium, where gas and dust mix with the leftover atomic elements of exploded stars, including iron and plutonium. Normally, the heliosphere filters out most of these radioactive particles. But without protection, they can easily reach Earth. According to the paper, this aligns with geological evidence that shows increased 60Fe (iron 60) and 244Pu (plutonium 244) isotopes in the ocean, on the moon, Antarctic snow, and ice cores from the same time period. The timing also matches with temperature records that indicate a cooling period.




"Only rarely does our cosmic neighborhood beyond the solar system affect life on Earth," says Avi Loeb, director of Harvard University's Institute for Theory and Computation and coauthor on the paper. "It is exciting to discover that our passage through dense clouds a few million years ago could have exposed the Earth to a much larger flux of cosmic rays and hydrogen atoms. Our results open a new window into the relationship between the evolution of life on Earth and our cosmic neighborhood."

The outside pressure from the Local Lynx of Cold Cloud could have continually blocked out the heliosphere for a couple of hundred years to a million years, Opher says -- depending on the size of the cloud. "But as soon as the Earth was away from the cold cloud, the heliosphere engulfed all the planets, including Earth," she says. And that's how it is today.

It's impossible to know the exact effect the cold clouds had on Earth -- like if it could have spurred an ice age. But there are a couple of other cold clouds in the interstellar medium that the sun has likely encountered in the billions of years since it was born, Opher says. And it will likely stumble across more in another million years or so. Opher and her collaborators are now working to trace where the sun was seven million years ago, and even further back. Pinpointing the location of the sun millions of years in the past, as well as the cold cloud system, is possible with data collected by the European Space Agency's Gaia mission, which is building the largest 3D map of the galaxy and giving an unprecedented look at the speed stars move.

"This cloud was indeed in our past, and if we crossed something that massive, we were exposed to the interstellar medium," Opher says. The effect of crossing paths with so much hydrogen and radioactive material is unclear, so Opher and her team at BU's NASA-funded SHIELD (Solar wind with Hydrogen Ion Exchange and Large-scale Dynamics) DRIVE Science Center are now exploring the effect it could have had on Earth's radiation, as well as the atmosphere and climate.

"This is only the beginning," Opher says. She hopes that this paper will open the door to much more exploration of how the solar system was influenced by outside forces in the deep past and how these forces have in turn shaped life on our planet.

This research was supported by NASA.
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Novel Genetic Clock discovers oldest known marine plant | ScienceDaily
Using a novel genetic clock, a team of researchers from Kiel, London, Oldenburg, and Davis, California, has determined the age of a large marine plant clone for the first time. This seagrass clone from the Baltic Sea dates back to the migration period 1400 years ago. The newly developed clock can be applied to many other species, from corals and algae to plants such as reeds or raspberries. The scientists publish their work today in the journal Nature Ecology and Evolution.


						
"Vegetative reproduction as an alternative mode of reproduction is widespread in the animal, fungal, and plant kingdoms," explains research leader Dr Thorsten Reusch, Professor of Marine Ecology at the GEOMAR Helmholtz Centre for Ocean Research Kiel. These so-called "clonal species" produce genetically similar offspring by branching or budding and often reach the size of a football field or more. However, these offspring are not genetically identical. Previous work by a team led by GEOMAR researchers had already shown that somatic mutations accumulate in vegetative offspring, a process similar to cancer. Now, a team led by Prof. Dr Reusch, Dr Benjamin Werner (Queen Mary University London, QMUL), and Prof. Dr Iliana Baums (Helmholtz Institute for Functional Marine Biodiversity at the University of Oldenburg, HIFMB) has used this mutation accumulation process to develop a novel molecular clock that can determine the age of any clone with high precision.

Researchers at the University of Kiel, led by Professor Reusch, applied this novel clock to a worldwide dataset of the widespread seagrass Zostera marina (eelgrass), ranging from the Pacific to the Atlantic and the Mediterranean. In Northern Europe in particular, the team found clones with ages of several hundred years, comparable to the age of large oak trees. The oldest clone identified was 1402 years old and came from the Baltic Sea. This clone reached this advanced age despite a harsh and variable environment. This makes the eelgrass clone older than the Greenland shark or the Ocean Quahog, which live only a few hundred years.

These new age and longevity estimates for clonal species fill an important knowledge gap. Particularly in marine habitats, many fundamental habitat-forming species such as corals and seagrasses can reproduce vegetatively, and their clones can become very large. The continuous production of small, genetically identical but physically separated shoots or fragments from the parent clone means that age and size are decoupled in these species. The new study now provides a tool to date these clones with high accuracy. "Such data are, in turn, a prerequisite for solving one of the long-standing puzzles in conservation genetics, namely why such large clones can persist despite variable and dynamic environments," says Thorsten Reusch.

Once a high-quality eelgrass genome was available, work could begin. Another key factor in the study was that colleagues at the University of California, Davis (UC Davis) had kept a seagrass clone in their culture tanks for 17 years, which served as a calibration point. "This paper shows how interdisciplinary interactions between cancer evolutionary biologists and marine ecologists can lead to new insights," says Dr. Benjamin Werner, Lecturer in Mathematics and Cancer Evolution at QMUL, who focuses on the somatic evolution of tumours which also develop clonally. Prof. Dr. Iliana Baums, molecular ecologist at the HIFMB, adds: "We can now apply these tools to endangered corals to develop more effective conservation measures, which we urgently need as unprecedented heat waves threaten coral reefs."

"We expect that other seagrass species and their clones of the genus Posidonia, which extend over more than ten kilometres, will show even higher ages and thus be by far the oldest organisms on Earth," says Thorsten Reusch. These will be the next objects of study.
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Elephants have names for each other like people do, new study shows | ScienceDaily
Colorado State University scientists have called elephants by their names, and the elephants called back.


						
Wild African elephants address each other with name-like calls, a rare ability among nonhuman animals, according to a new study published in Nature Ecology and Evolution.

Researchers from CSU, Save the Elephants and ElephantVoices used machine learning to confirm that elephant calls contained a name-like component identifying the intended recipient, a behavior they suspected based on observation. When the researchers played back recorded calls, elephants responded affirmatively to calls that were addressed to them by calling back or approaching the speaker. Calls meant for other elephants received less of a reaction.

"Dolphins and parrots call one another by 'name' by imitating the signature call of the addressee," said lead author Michael Pardo, who conducted the study as an NSF postdoctoral researcher at CSU and Save the Elephants, a research and conservation organization based in Kenya. "By contrast, our data suggest that elephants do not rely on imitation of the receiver's calls to address one another, which is more similar to the way in which human names work."

The ability to learn to produce new sounds is uncommon among animals but necessary for identifying individuals by name. Arbitrary communication -- where a sound represents an idea but does not imitate it -- greatly expands communication capability and is considered a next-level cognitive skill.

"If all we could do was make noises that sounded like what we were talking about, it would vastly limit our ability to communicate," said co-author George Wittemyer, a professor in CSU's Warner College of Natural Resources and chairman of the scientific board of Save the Elephants.

Wittemyer said that the use of arbitrary vocal labels indicates that elephants may be capable of abstract thought.




What's in a name?

Elephant and human evolution diverged tens of millions of years ago, but both species are socially complex and highly communicative. Elephants function within family units, social groups and a larger clan structure similar to the complex social networks humans maintain.

Similar needs likely drove development of arbitrary vocal labeling -- the naming of other individuals with abstract sounds -- in both species, the researchers proposed.

"It's probably a case where we have similar pressures, largely from complex social interactions," Wittemyer said. "That's one of the exciting things about this study, it gives us some insight into possible drivers of why we evolved these abilities."

Elephants are talkative, communicating with one another vocally in addition to sight, scent and touch. Their calls convey a lot of information, including the caller's identity, age, sex, emotional state and behavioral context.

Vocalizations -- from trumpeting to low rumbling of their vocal cords -- span a broad frequency spectrum, including infrasonic sounds below the audible range of the human ear. Elephants can coordinate group movements over long distances using these calls.




Kurt Fristrup, a research scientist in CSU's Walter Scott, Jr. College of Engineering, developed a novel signal processing technique to detect subtle differences in call structure, and Fristrup and Pardo trained a machine-learning model to correctly identify which elephant a call was addressed to based only on its acoustic features.

"Our finding that elephants are not simply mimicking the sound associated with the individual they are calling was the most intriguing," Fristrup said. "The capacity to utilize arbitrary sonic labels for other individuals suggests that other kinds of labels or descriptors may exist in elephant calls."

Eavesdropping on elephants

Elephants are expressive animals, Wittemyer said, and their reactions are easy to read to those familiar with them. When the researchers played back samples, the elephants responded "energetically" and positively to recordings of their friends and family members calling to them but did not react enthusiastically or move toward calls directed to others, demonstrating that they recognized their names.

How did the elephants react when they discovered they'd been prank called?

"They were probably temporarily confused by the playback but eventually just dismissed it as a strange event and went on with their lives," said Pardo, now at Cornell University.

The study also found that elephants, like people, don't always address each other by name in conversation. Calling an individual by name was more common over long distances or when adults were talking to calves.

Research spanned four years and included 14 months of intensive fieldwork in Kenya, following elephants in a vehicle and recording their vocalizations. About 470 distinct calls were captured from 101 unique callers corresponding with 117 unique receivers in Samburu National Reserve and Amboseli National Park.

Could we someday talk with elephants?

The scientists said much more data is needed to isolate the names within the calls and determine whether elephants name other things they interact with, like food, water and places.

"Unfortunately, we can't have them speak into microphones," Wittemyer said, noting the barriers to collecting sufficient data.

New insights into elephant cognition and communication revealed by the study strengthen the case for their conservation, the researchers said. Elephants are classified as endangered, due to poaching for their ivory tusks and habitat loss from development. Because of their size, they need a lot of space and can be destructive to property and hazardous to people.

While conversing with pachyderms remains a distant dream, Wittemyer said that being able to communicate with them could be a gamechanger for their protection.

"It's tough to live with elephants, when you're trying to share a landscape and they're eating crops," Wittemyer said. "I'd like to be able to warn them, 'Do not come here. You're going to be killed if you come here.'"
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In a significant first, researchers detect water frost on solar system's tallest volcanoes | ScienceDaily
An international team of planetary scientists has detected patches of water frost sitting atop the Tharsis volcanoes on Mars, which are not only the tallest volcanic mountains on the Red Planet but in the entire solar system.


						
The discovery marks the first time frost has been spotted near the planet's equator, challenging existing perceptions of the planet's climate dynamics, according to the team's new study in Nature Geoscience.

"We thought it was improbable for frost to form around Mars' equator, as the mix of sunshine and thin atmosphere keeps temperatures during the day relatively high at both the surface and mountaintop -- unlike what we see on Earth, where you might expect to see frosty peaks," said Adomas Valantinas, a postdoctoral fellow at Brown University who led the work as a Ph.D. student at the University of Bern. "What we're seeing may be a remnant of an ancient climate cycle on modern Mars, where you had precipitation and maybe even snowfall on these volcanoes in the past."

According to the study, the frost is present for only a few hours after sunrise before it evaporates in sunlight. The frost is also incredibly thin -- likely only one-hundredth of a millimeter thick or about the width of a human hair. Still, it's quite vast. The researchers calculate the frost constitutes at least 150,000 tons of water that swaps between the surface and atmosphere each day during the cold seasons. That's the equivalent of roughly 60 Olympic-size swimming pools.

Tharsis, the region of Mars where the frost was found, hosts numerous volcanoes. They tower above the surrounding plains at heights ranging from one to two times that of Earth's Mount Everest. Olympus Mons, for instance, is as wide as France.

The frost sits in the calderas of the volcanoes, which are large hollows at their summits created during past eruptions. The researchers propose that the way the air circulates above these mountains creates a unique microclimate that allows the thin patches of frost to form.

The researchers believe modelling how the frosts form could allow scientists to reveal more of Mars' remaining secrets, including understanding where water exists and how it moves, as well as understanding the planet's complex atmospheric dynamics, which is essential for future exploration and the search for possible signs of life.




The researchers detected the frost using high-resolution color images from the Colour and Stereo Surface Imaging System (CaSSIS) onboard the European Space Agency's Trace Gas Orbiter. The findings were then validated using independent observations from the High Resolution Stereo Camera onboard the ESA's Mars Express orbiter and by the Nadir and Occultation for Mars Discovery spectrometer onboard the Trace Gas Orbiter.

The effort involved analyzing over 30,000 images to both initially find the frost and then confirm its existence. Valantinas filtered the images based on where they were acquired as well as when they were acquired, like the time of day and the season. The meticulous approach helped isolate spectral signatures indicative of water frost and where it formed on the Martian surface.

Valantinas started analyzing the images in 2018. The majority of work was completed while earning his Ph.D. abroad but a portion of the reanalysis was completed while at Brown.

Transitioning to his role at Brown, Valantinas now plans to continue his exploration of Martian mysteries while pivoting to astrobiology. Working in the lab of Brown planetary scientist Jack Mustard, he'll work toward characterizing ancient hydrothermal environments that could have supported microbial life. Samples from these environments may one day be brought back to Earth by the NASA-lead Mars Sample Return mission.

"This notion of a second genesis, of life beyond Earth, has always fascinated me," Valantinas said.
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Galactic bloodlines: Many nearby star clusters originate from only three 'families' | ScienceDaily
An international team of astronomers led by the University of Vienna has deciphered the formation history of young star clusters, some of which we can see with the naked eye at night. The team, led by Cameren Swiggum and Joao Alves from the University of Vienna and Robert Benjamin from the University of Wisconsin-Whitewater, reports that most nearby young star clusters belong to only three families, which originate from very massive star-forming regions. This research also provides new insights into the effects of supernovae (violent explosions at the end of the life of very massive stars) on the formation of giant gas structures in galaxies like our Milky Way. The results were published in the journal Nature.


						
"Young star clusters are excellent for exploring the history and structure of the Milky Way. By studying their movements in the past and thus their origin, we also gain important insights into the formation and evolution of our galaxy," says Joao Alves from the University of Vienna, co-author of the study. Using precise data from the European Space Agency's (ESA) Gaia mission and spectroscopic observations, the team traced the origins of 155 young star clusters within a radius of about 3,500 light-years around the Sun. Their analysis shows that these star clusters can be divided into three families with common origins and formation conditions. "This indicates that the young star clusters originate from only three very active and massive star-forming regions," says Alves. These three star families are named after their most prominent star clusters: Collinder 135 (Cr135), Messier 6 (M6), and Alpha Persei (aPer).

"These findings offer a clearer understanding of how young star clusters in our galactic neighborhood are interconnected, much like members of a family or 'bloodlines'," says lead author Cameren Swiggum, a doctoral student at the University of Vienna. "By examining the 3D movements and past positions of these star clusters, we can identify their common origins and locate the regions in our galaxy where the first stars in these respective star clusters formed up to 40 million years ago."

These Massive Explosions Likely Also Created Our "Local Bubble"

The study found that over 200 supernova explosions must have occurred within these three star cluster families, releasing enormous amounts of energy into their surroundings. The authors concluded that this energy likely had a significant impact on the gas distribution in the local Milky Way. "This could explain the formation of a superbubble, a giant bubble of gas and dust with a diameter of 3,000 light-years around the Cr135 family," explains Swiggum. Our solar system is also embedded in such a bubble, the so-called Local Bubble, which is filled with very thin and hot gas. "The Local Bubble is probably also linked to the history of one of the three star cluster families," adds Swiggum. "And it has likely left traces on Earth, as suggested by measurements of iron isotopes (60Fe) in the Earth's crust."

"We can practically turn the sky into a time machine that allows us to trace the history of our home galaxy," says Joao Alves. "By deciphering the genealogy of star clusters, we also learn more about our own galactic ancestry." In the future, Joao Alves' team plans to investigate more precisely whether and how our solar system has interacted with interstellar matter in our home galaxy, the Milky Way.

This research was supported by the ERC Advanced Grant ISM-FLOW (Alves), the Austrian Research Promotion Agency (FFG), the German Research Foundation (DFG), and NASA.
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Lake under Mars ice cap unlikely | ScienceDaily
Cornell University researchers have provided a simple and comprehensive -- if less dramatic -- explanation for bright radar reflections initially interpreted as liquid water beneath the ice cap on Mars' south pole.


						
Their simulations show that small variations in layers of water ice -- too subtle for ground-penetrating radar instruments to resolve -- can cause constructive interference between radar waves. Such interference can produce reflections whose intensity and variability match observations to date -- not only in the area proposed to be liquid water, but across the so-called south polar layered deposits.

"I can't say it's impossible that there's liquid water down there, but we're showing that there are much simpler ways to get the same observation without having to stretch that far, using mechanisms and materials that we already know exist there," said Daniel Lalich, research associate in the Cornell Center for Astrophysics and Planetary Science. "Just through random chance you can create the same observed signal in the radar."

Lalich is the first author of "Small Variations in Ice Composition and Layer Thickness Explain Bright Reflections Below Martian Polar Cap Without Liquid Water," published June 7 in Science Advances.

Robotic explorers have provided extensive evidence that water flowed on the surface of ancient Mars, including at a former river delta now under investigation by NASA's Perseverance rover. Relying on a radar instrument that can probe below the surface to detect water ice and potentially hidden aquifers, members of the European Space Agency-led Mars Express orbiter's science team in 2018 announced they'd discovered a lake buried below the south polar cap.

The implications were enormous: Where there is liquid water, there could be microbial life.

But while the same bright radar reflections would likely indicate a subglacial lake on Earth, Lalich said, the temperature and pressure conditions on Mars are very different.




Using simpler models, Lalich previously showed that the bright radar signals could be created in the absence of liquid water, but he said assumptions about layers of frozen carbon dioxide below the ice cap likely were incorrect.

The new research tells a more complete story, he said, closing gaps in the radar interference hypothesis with more realistic modeling. The thousands of randomly generated layering scenarios were based only on conditions known to exist at the Martian poles, and varied the ice layers' composition and spacing in ways that would be expected over tens or hundreds of miles.

Those slight adjustments sometimes produced bright subsurface signals consistent with observations in each of the three frequencies used by the Mars Express orbiter's MARSIS radar instrument, a partnership between NASA and the Italian Space Agency. Likely for a simple reason, Lalich argues: Radar waves bouncing off layers spaced too closely for the instrument to resolve may be combined, amplifying their peaks and troughs.

"This is the first time we have a hypothesis that explains the entire population of observations below the ice cap, without having to introduce anything unique or odd," Lalich said. "This result where we get bright reflections scattered all over the place is exactly what you would expect from thin-layer interference in the radar."

While not ruling out the potential for some future detection by more capable instruments, Lalich said he suspects the story of liquid water and potential life on the red planet ended long ago.

"The idea that there would be liquid water even somewhat near the surface would have been really exciting," Lalich said. "I just don't think it's there."

The research was supported by NASA.
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Tiny new species of great ape lived in Germany 11 million years ago | ScienceDaily
Ancient apes in Germany co-existed by partitioning resources in their environment, according to a study published June 7, 2024 in the open-access journal PLOS ONE by Madelaine Bohme of Eberhard Karls University of Tubingen, Germany and David R. Begun, of University of Toronto, Canada and colleagues.


						
The Hammerschmiede fossil site in Bavaria, Germany is best known for exceptional remains of the ancient great ape Danuvius dating to the late Miocene Epoch, 11.6 million years ago. Other experts contest the strength of the evidence to support whether Danuvius is a hominid or whether this is a new genus or not. No Miocene sites in Europe are known to have more than one species of fossil ape, and Hammerschmiede has been no exception until now. In this study, Bohme and colleagues identify a second species of great ape from the same stratigraphic layer as Danuvius.

This new ape is represented by partial remains of two teeth and one patella whose size and shape are distinct from Danuvius and all other known apes. The authors name this new species Buronius manfredschmidi. Based on the structure of the teeth and patella, the authors infer that Buronius was an adept climber which ate a diet of soft foods such as leaves. From the size of the fossils, the authors estimate a full body size of around 10kg, making Buronius the smallest known great ape.

These features suggest that Buronius had a distinct lifestyle from Danuvius, which is a larger bodied species with a diet of tougher foods. These differences likely allowed these two species to share a habitat without competing for resources, similar to modern gibbons and orangutans which share habitats in Borneo and Sumatra. This is the first known example of a European Miocene fossil site with multiple ancient ape species, though the authors suggest that re-examination of other similar sites might uncover more examples of this cohabiting behavior.

The authors add: "The new great ape from Hammerschmiede, Buronius manfredschmidi, is with about 10 kg body weight not only the smallest known crown ape, he attested the first case of hominid syntopy for Europe. The leaf-eating Buronius shared the habitat with the omnivorous bipedal ape Danuvius guggenmosi."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240607151515.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A new study reveals that marine cyanobacteria communicate | ScienceDaily
Three years ago Maria del Carmen Munoz, a researcher at the University of Cordoba, was peering into an electron microscope to study the vesicles of marine cyanobacteria and found, almost accidentally, something she did not expect: structures that, although they had already been discovered years ago in other bacteria, had never been found in this type of living being, responsible for producing more than half of the oxygen on Earth. Thus began an extensive study carried out by a multidisciplinary team. Today their work comes out, its results having just been published in the journal Science Advances.


						
These strange structures are called membrane nanotubes, and the most relevant thing is that, according to the study, these small tubes make it possible for these living beings to transfer material by generating an exchange bridge, a kind of hose that connects with nearby cells, allowing them to transfer substances from some cyanobacteria to others. Since the discovery of these organisms, this is the first time that physical and direct contact between them has been demonstrated.

"This finding has enormous implications, and strengthens the idea that we need to change the way we think about cyanobacteria," said researcher Jose Manuel Garcia. Challenging the idea that these organisms operate in isolation, the study suggests that they could act as a kind of network in which they interact, a premise of great relevance considering that these living beings are the most abundant photosynthetic organisms on the planet, representing a veritable "lung" for the oceans, and being indispensable for the sustenance of life as we know it.

In recent years the study, led by principal investigator Maria del Carmen Munoz, has mobilized a multidisciplinary group composed of, among others, the UCO's Departments of Biochemistry, Molecular Biology, and Cell Biology; the Maimonides Institute for Biomedical Research (Cordoba), the University of Cadiz's University Institute of Marine Research, the Institute of Plant Biochemistry and Photosynthesis (Seville), and oceanographer Sallie W. Chisholm, a member of the Massachusetts Institute of Technology and discoverer of the Prochlorococcus genus of cyanobacteria.

Key details

Since the study began, and after reviewing the literature available on these nanotubes in other bacteria, the team has launched different experiments in the laboratory, such as the use of fluorescent proteins and their monitoring by fluorescence microscopy; and the use of electron microscopy for the characterization of these structures. Through these tests they have been able to confirm that there is an exchange of material from the interior of one cell to the other. In addition, as doctoral student and the study's first author Elisa Angulo explained, the work has shown that this transfer of substances not only occurs in cyanobacteria of the same lineage, but also between those of different genera, something that has been verified not only at the laboratory level, but also in natural ocean samples.

New questions 

As is often the case in science, these findings now open the door to new questions: is this transfer of molecules a support mechanism or a weapon to compete for survival? What other substances could be exchanged, beyond proteins? Is there any relationship between this mechanism and the amount of food available in the environment? Elisa Angulo, a researcher at the University of Cordoba, is already trying to answer this last question, and has just concluded a voyage on the high seas in which she has been researching the behavior of these living beings in oligotrophic areas of the Pacific poor in nutrients. We will have to wait for the next few months to continue acquiring knowledge about these marine bacteria, the living beings that invented photosynthesis and that, more than 3.5 billion years old, represent one of the oldest known forms of life. Their study, therefore, is not only of vital importance for ecosystems, but also to understand fundamental processes in the vast field of Biology.
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Liquid metal-based electronic logic device that mimics intelligent prey-capture mechanism of Venus flytrap | ScienceDaily
A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has developed a liquid metal-based electronic logic device that mimics the intelligent prey-capture mechanism of Venus flytraps. Exhibiting memory and counting properties, the device can intelligently respond to various stimulus sequences without the need for additional electronic components. The intelligent strategies and logic mechanisms in the device provide a fresh perspective on understanding "intelligence" in nature and offer inspiration for the development of "embodied intelligence."


						
The unique prey-capture mechanism of Venus flytraps has always been an intriguing research focus in the realm of biological intelligence. This mechanism allows them to effectively distinguish between various external stimuli such as single and double touches, thereby distinguishing between environmental disturbances such as raindrops (single touch) and insects (double touches), ensuring successful prey capture. This functionality is primarily attributed to the sensory hairs on the carnivorous plants, which exhibit features akin to memory and counting, enabling them to perceive stimuli, generate action potentials (a change of electrical signals in cells in response to stimulus), and remember the stimuli for a short duration.

Inspired by the internal electrical signal accumulation/decay model of Venus flytraps, Prof. SHEN Yajing, Associate Professor of the Department of Electronic and Computer Engineering (ECE) at HKUST, who led the research, joined hands with his former PhD student at City University of Hong Kong, Dr. YANG Yuanyuan, now Associate Professor at Xiamen University, proposed a liquid metal-based logic module (LLM) based on the extension/contraction deformation of liquid metal wires. The device employs liquid metal wires in sodium hydroxide solution as the conductive medium, controlling the length of the liquid metal wires based on electrochemical effects, thereby regulating cathode output according to the stimuli applied to the anode and gate. Research results demonstrate that the LLM itself can memorize the duration and interval of electrical stimuli, calculate the accumulation of signals from multiple stimuli, and exhibit significant logical functions similar to those of Venus flytraps.

To demonstrate, Prof. Shen and Dr. Yang constructed an artificial Venus flytrap system comprising the LLM intelligent decision-making device, switch-based sensory hair, and soft electric actuator-based petal, replicating the predation process of Venus flytraps. Furthermore, they showcased the potential applications of LLM in functional circuit integration, filtering, artificial neural networks, and more. Their work not only provides insights into simulating intelligent behaviors in plants, but also serves as a reliable reference for the development of subsequent biological signal simulator devices and biologically inspired intelligent systems.

"When people mention 'artificial intelligence', they generally think of intelligence that mimics animal nervous systems. However, in nature, many plants can also demonstrate intelligence through specific material and structural combinations. Research in this direction provides a new perspective and approach for us to understand 'intelligence' in nature and construct 'life-like intelligence'," said Prof. Shen.

"Several years ago, when Dr. Yang was still pursuing her PhD in my research group, we discussed the idea of constructing intelligent entities inspired by plants together. It is gratifying that after several years of effort, we have achieved the conceptual verification and simulation of Venus flytrap intelligence. However, it is worth noting that this work is still relatively preliminary, and there is much work to be done in the future, such as designing more efficient structures, reducing the size of devices, and improving system responsiveness," added Prof. Shen.
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Exotic black holes could be a byproduct of dark matter | ScienceDaily
For every kilogram of matter that we can see -- from the computer on your desk to distant stars and galaxies -- there are 5 kilograms of invisible matter that suffuse our surroundings. This "dark matter" is a mysterious entity that evades all forms of direct observation yet makes its presence felt through its invisible pull on visible objects.


						
Fifty years ago, physicist Stephen Hawking offered one idea for what dark matter might be: a population of black holes, which might have formed very soon after the Big Bang. Such "primordial" black holes would not have been the goliaths that we detect today, but rather microscopic regions of ultradense matter that would have formed in the first quintillionth of a second following the Big Bang and then collapsed and scattered across the cosmos, tugging on surrounding space-time in ways that could explain the dark matter that we know today.

Now, MIT physicists have found that this primordial process also would have produced some unexpected companions: even smaller black holes with unprecedented amounts of a nuclear-physics property known as "color charge."

These smallest, "super-charged" black holes would have been an entirely new state of matter, which likely evaporated a fraction of a second after they spawned. Yet they could still have influenced a key cosmological transition: the time when the first atomic nuclei were forged. The physicists postulate that the color-charged black holes could have affected the balance of fusing nuclei, in a way that astronomers might someday detect with future measurements. Such an observation would point convincingly to primordial black holes as the root of all dark matter today.

"Even though these short-lived, exotic creatures are not around today, they could have affected cosmic history in ways that could show up in subtle signals today," says David Kaiser, the Germeshausen Professor of the History of Science and professor of physics at MIT. "Within the idea that all dark matter could be accounted for by black holes, this gives us new things to look for."

Kaiser and his co-author, MIT graduate student Elba Alonso-Monsalve, have published their study today in the journal Physical Review Letters.

A time before stars

The black holes that we know and detect today are the product of stellar collapse, when the center of a massive star caves in on itself to form a region so dense that it can bend space-time such that anything -- even light -- gets trapped within. Such "astrophysical" black holes can be anywhere from a few times as massive as the sun to many billions of times more massive.




"Primordial" black holes, in contrast, can be much smaller and are thought to have formed in a time before stars. Before the universe had even cooked up the basic elements, let alone stars, scientists believe that pockets of ultradense, primordial matter could have accumulated and collapsed to form microscopic black holes that could have been so dense as to squeeze the mass of an asteroid into a region as small as a single atom. The gravitational pull from these tiny, invisible objects scattered throughout the universe could explain all the dark matter that we can't see today.

If that were the case, then what would these primordial black holes have been made from? That's the question Kaiser and Alonso-Monsalve took on with their new study.

"People have studied what the distribution of black hole masses would be during this early-universe production but never tied it to what kinds of stuff would have fallen into those black holes at the time when they were forming," Kaiser explains.

Super-charged rhinos

The MIT physicists looked first through existing theories for the likely distribution of black hole masses as they were first forming in the early universe.

"Our realization was, there's a direct correlation between when a primordial black hole forms and what mass it forms with," Alonso-Monsalve says. "And that window of time is absurdly early."

She and Kaiser calculated that primordial black holes must have formed within the first quintillionth of a second following the Big Bang. This flash of time would have produced "typical" microscopic black holes that were as massive as an asteroid and as small as an atom. It would have also yielded a small fraction of exponentially smaller black holes, with the mass of a rhino and a size much smaller than a single proton.




What would these primordial black holes have been made from? For that, they looked to studies exploring the composition of the early universe, and specifically, to the theory of quantum chromodynamics (QCD) -- the study of how quarks and gluons interact.

Quarks and gluons are the fundamental building blocks of protons and neutrons -- elementary particles that combined to forge the basic elements of the periodic table. Immediately following the Big Bang, physicists estimate, based on QCD, that the universe was an immensely hot plasma of quarks and gluons that then quickly cooled and combined to produce protons and neutrons.

The researchers found that, within the first quintillionth of a second, the universe would still have been a soup of free quarks and gluons that had yet to combine. Any black holes that formed in this time would have swallowed up the untethered particles, along with an exotic property known as "color charge" -- a state of charge that only uncombined quarks and gluons carry.

"Once we figured out that these black holes form in a quark-gluon plasma, the most important thing we had to figure out was, how much color charge is contained in the blob of matter that will end up in a primordial black hole?" Alonso-Monsalve says.

Using QCD theory, they worked out the distribution of color charge that should have existed throughout the hot, early plasma. Then they compared that to the size of a region that would collapse to form a black hole in the first quintillionth of a second. It turns out there wouldn't have been much color charge in most typical black holes at the time, as they would have formed by absorbing a huge number of regions that had a mix of charges, which would have ultimately added up to a "neutral" charge.

But the smallest black holes would have been packed with color charge. In fact, they would have contained the maximum amount of any type of charge allowed for a black hole, according to the fundamental laws of physics. Whereas such "extremal" black holes have been hypothesized for decades, until now no one had discovered a realistic process by which such oddities actually could have formed in our universe.

The super-charged black holes would have quickly evaporated, but possibly only after the time when the first atomic nuclei began to form. Scientists estimate that this process started around one second after the Big Bang, which would have given extremal black holes plenty of time to disrupt the equilibrium conditions that would have prevailed when the first nuclei began to form. Such disturbances could potentially affect how those earliest nuclei formed, in ways that might some day be observed.

"These objects might have left some exciting observational imprints," Alonso-Monsalve muses. "They could have changed the balance of this versus that, and that's the kind of thing that one can begin to wonder about."
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People feel more connected to 'tweezer-like' bionic tools that don't resemble human hands | ScienceDaily
Some say the next step in human evolution will be the integration of technology with flesh. Now, researchers have used virtual reality to test whether humans can feel embodiment -- the sense that something is part of one's body -- toward prosthetic "hands" that resemble a pair of tweezers. They report June 6 in the journal iScience that participants felt an equal degree of embodiment for the tweezer-hands and were also faster and more accurate in completing motor tasks in virtual reality than when they were equipped with a virtual human hand.


						
"For our biology to merge seamlessly with tools, we need to feel that the tools are part of our body," says first author and cognitive neuroscientist Ottavia Maddaluno, who conducted the work at the Sapienza University of Rome and the Santa Lucia Foundation IRCCS with Viviana Betti. "Our findings demonstrate that humans can experience a grafted tool as an integral part of their own body."

Previous studies have shown that tool use induces plastic changes in the human brain, as does the use of anthropomorphic prosthetic limbs. However, an open scientific question is whether humans can embody bionic tools or prostheses that don't resemble human anatomy.

To investigate this possibility, the researchers used virtual reality to conduct a series of experiments on healthy participants. In the virtual reality environment, participants had either a human-like hand or "bionic tool" resembling a large pair of tweezers grafted onto the end of their wrist. To test their motor ability and dexterity, participants were asked to pop bubbles of a specific color (by pinching them with their tweezers or between their index finger and thumb). For this simple task, the researchers found that participants were faster and more accurate at popping virtual bubbles when they had tweezer-hands.

Next, the team used a test called the "cross-modal congruency task" to compare implicit or unconscious embodiment for the virtual hand and bionic tool. During this test, the researchers applied small vibrations to the participants' fingertips and asked them to identify which fingers were stimulated. At the same time, a flickering light was displayed on the virtual reality screen, either on the same finger as the tactile stimulus or on a different finger. By comparing the participants' accuracy and reaction times during trials with matched and mismatched stimuli, the researchers were able to assess how distracted they were by the visual stimulus.

"This is an index of how much of a mismatch there is in your brain between what you feel and what you see," says Maddaluno. "But this mismatch could only happen if your brain thinks that what you see is part of your own body; if I don't feel that the bionic tool that I'm seeing through virtual reality is part of my own body, the visual stimulus should not give any interference."

In both cases, participants were faster and more accurate at identifying which of their real fingers were stimulated during trials with matched tactile and visual stimuli, indicating that participants felt a sense of embodiment toward both the virtual human hand and the tweezer-hands.




However, there was a bigger difference between matched and mismatched trials when participants had tweezer- rather than human hands, indicating that the non-anthropomorphic prosthesis resulted in an even greater sense of embodiment. The researchers speculate that this is due to the tweezer-hands' relative simplicity compared to a human-like hand, which might make it easy for the brain to compute and accept.

"In terms of the pinching task, the tweezers are functionally similar to a human hand, but simpler, and simple is also better computationally for the brain." says Maddaluno.

They note that it could also relate to the "uncanny valley" hypothesis, since the virtual human hands might have been too eerily similar yet distinct for perfect embodiment.

In addition to the tweezer-hands, the researchers also tested a wrench-shaped bionic tool and a virtual human hand holding a pair of tweezers. They found evidence of embodiment in all cases, but the participants had higher embodiment and were more dexterous when the tweezers were grafted directly onto their virtual wrists than when they held them in their virtual hand.

Participants also displayed a higher sense of embodiment for the bionic tools when they had the opportunity to explore the virtual reality environment before undertaking the cross-modal congruency test. "During the cross-modal congruency task participants had to stay still, whereas during the motor task, they actively interacted with the virtual environment, and these interactions in the virtual environment induce a sense of agency," says Maddaluno.

Ultimately, the researchers say that this study could inform robotics and prosthetic limb design. "The next step is to study if these bionic tools could be embodied in patients that have lost limbs," says Maddaluno. "And we also want to investigate the plastic changes that this kind of bionic tool can induce in the brains of both healthy participants and amputees."
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Planet-forming disks around very low-mass stars are different | ScienceDaily
Planets form in disks of gas and dust, orbiting young stars. The MIRI Mid-INfrared Disk Survey (MINDS), led by Thomas Henning from the Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany, aims to establish a representative disk sample. By exploring their chemistry and physical properties with MIRI (Mid-Infrared Instrument) on board the James Webb Space Telescope (JWST), the collaboration links those disks to the properties of planets potentially forming there. In a new study, a team of researchers explored the vicinity of a very low-mass star of 0.11 solar masses (known as ISO-ChaI 147), whose results appear in the journal Science.


						
JWST opens a new window to the chemistry of planet-forming disks

"These observations are not possible from Earth because the relevant gas emissions are absorbed by its atmosphere," explained lead author Aditya Arabhavi of the University of Groningen in the Netherlands. "Previously, we could only identify acetylene (C2H2) emission from this object. However, JWST's higher sensitivity and the spectral resolution of its instruments allowed us to detect weak emission from less abundant molecules."

The MINDS collaboration found gas at temperatures around 300 Kelvin (ca. 30 degrees Celsius), strongly enriched with carbon-bearing molecules but lacking oxygen-rich species. "This is profoundly different from the composition we see in disks around solar-type stars, where oxygen-bearing molecules such as water and carbon dioxide dominate," added team member Inga Kamp, University of Groningen.

One striking example of an oxygen-rich disk is the one of PDS 70, where the MINDS program recently found large amounts of water vapour. Considering earlier observations, astronomers deduce that disks around very low-mass stars evolve differently than those around more massive stars such as the Sun, with potential implications for finding rocky planets with Earth-like characteristics there. Since the environments in such disks set the conditions in which new planets form, any such planet may be rocky but quite unlike Earth in other aspects.

What does it mean for rocky planets orbiting very low-mass stars?

The amount of material and its distribution across those disks limits the number and sizes of planets the disk can supply with the necessary material. Consequently, observations indicate that rocky planets with sizes similar to Earth form more efficiently than Jupiter-like gas giants in the disks around very low-mass stars, the most common stars in the Universe. As a result, very low-mass stars host the majority of terrestrial planets by far.




"Many primary atmospheres of those planets will probably be dominated by hydrocarbon compounds and not so much by oxygen-rich gases such as water and carbon dioxide," Thomas Henning pointed out. "We showed in an earlier study that the transport of carbon-rich gas into the zone where terrestrial planets usually form happens faster and is more efficient in those disks than the ones of more massive stars."

Although it seems clear that disks around very low-mass stars contain more carbon than oxygen, the mechanism for this imbalance is still unknown. The disk composition is the result of either carbon enrichment or the reduction of oxygen. If the carbon is enriched, the cause is probably solid particles in the disk, whose carbon is vaporised and released into the gaseous component of the disk. The dust grains, stripped of their original carbon, eventually form rocky planetary bodies. Those planets would be carbon-poor, as is Earth. Still, carbon-based chemistry would likely dominate at least their primary atmospheres provided by disk gas. Therefore, very low-mass stars may not offer the best environments for finding planets akin to Earth.

JWST discovers a wealth of organic molecules

To identify the disk gases, the team used MIRI's spectrograph to decompose the infrared radiation received from the disk into signatures of small wavelength ranges -- similar to sunlight being split into a rainbow. This way, the team isolated a wealth of individual signatures attributed to various molecules.

As a result, the observed disk contains the richest hydrocarbon chemistry seen to date in a protoplanetary disk, consisting of 13 carbon-bearing molecules up to benzene (C6H6). They include the first extrasolar ethane (C2H6) detection, the largest fully-saturated hydrocarbon detected outside the Solar System. The team also successfully detected ethylene (C2H4), propyne (C3H4), and the methyl radical CH3 for the first time in a protoplanetary disk. In contrast, the data contained no hint of water or carbon monoxide in the disk.

Sharpening the view of disks around very low-mass stars

Next, the science team intends to expand their study to a larger sample of such disks around very low-mass stars to develop their understanding of how common such exotic carbon-rich terrestrial planet-forming regions are. "Expanding our study will also allow us to understand better how these molecules can form," Thomas Henning explained. "Several features in the data are also still unidentified, warranting additional spectroscopy to interpret our observations fully."




Background information

The study was funded in the framework of the ERC Advanced Grant "Origins -- From Planet-Forming Disks to Giant Planets" (Grant ID: 832428, PI: Thomas Henning, DOI: 10.3030/832428).

The MPIA scientists involved in this study are Thomas Henning, Matthias Samland, Giulia Perotti, Jeroen Bouwman, Silvia Scheithauer, Riccardo Franceschi, Jurgen Schreiber, and Kamber Schwartz.

Other researchers include Aditya Arabhavi (University of Groningen, the Netherlands [Groningen]), Inga Kamp (Groningen), Ewine van Dishoeck (Leiden University, the Netherlands and Max Planck Institute for Extraterrestrial Physics, Garching, Germany), Valentin Christiaens (University of Liege, Belgium), and Agnes Perrin (Laboratoire de Meteorologie Dynamique/IPSL CNRS, Palaiseau, France).

The MIRI consortium consists of the ESA member states Belgium, Denmark, France, Germany, Ireland, the Netherlands, Spain, Sweden, Switzerland, and the United Kingdom. The national science organisations fund the consortium's work -- in Germany, the Max Planck Society (MPG) and the German Aerospace Center (DLR). The participating German institutions are the Max Planck Institute for Astronomy in Heidelberg, the University of Cologne, and Hensoldt AG in Oberkochen, formerly Carl Zeiss Optronics.

JWST is the world's premier space science observatory. It is an international program led by NASA jointly with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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