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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.


      
        Human-like artificial intelligence may face greater blame for moral violations
        In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds.

      

      
        Conserving high-elevation grasslands in Peru is key to protect Andean bears
        Andean bears carefully select the best foraging locations and plants to maximize nutrition and avoid livestock, according to a new study.

      

      
        After lockdown, immune system reacts more strongly to viruses and bacteria
        New research shows that the lockdowns during the COVID-19 pandemic had a significant impact on people's immune response to microorganisms. During the lockdown, inflammation level in the body was low, but afterwards, the immune system reacted more intensely to viruses and bacteria.

      

      
        Massive volcanic eruptions did not cause the extinction of dinosaurs
        While volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite, the ultimate cause of the dinosaur extinction event, impacted.

      

      
        New evidence on the relationship between moderate wine consumption and cardiovascular health
        Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicenter study. The study is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.

      

      
        Lost score revives sound of music and voices from centuries past
        A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago. Scholars have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century. Researchers say the tantalizing discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survi...

      

      
        Carnivorous squirrels documented in California
        California ground squirrels hunt, kill and eat voles, reveals a new study documenting evidence of widespread carnivorous behavior among squirrels.

      

      
        Supermassive black holes halt rapid construction in an ancient celestial city
        Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.

      

      
        Microplastics in the air may be leading to lung and colon cancers
        Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that researchers suspect may be causing respiratory and other illnesses.

      

      
        Potentially harmful bacteria slip through antimicrobial showerheads
        To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But researchers now report that these fixtures are no 'silver bullet.' In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.

      

      
        Nature's instructions: How fungi make a key medicinal molecule
        Researchers have decoded the genetic blueprint of Penicillium citrinum, a common citrus mold, to uncover how nature produces cyclopentachromone -- a key building block for bioactive compounds with potential in cancer and inflammation treatments. The team identified a previously unknown enzyme, IscL, that creates a highly reactive sulfur-containing intermediate, offering new insights into fungal chemistry. This discovery could pave the way for novel pharmaceuticals by harnessing nature's molecular...

      

      
        Phytochromes: The 'eyes' that enable microalgae to find their way in the depths
        The phytoplankton that populate oceans are known to play a key role in marine ecosystems and climate regulation. Like terrestrial plants, they store atmospheric CO2, and produce half of our planet's oxygen via photosynthesis. However, the mechanisms that control their distribution remain poorly understood.

      

      
        Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid
        Scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaurs. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

      

      
        Survey of 26,000 dead stars confirms key details of extreme stellar behavior
        A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.

      

      
        New recommendations to increase transparency and tackle potential bias in medical AI technologies
        A new set of recommendations aims to help improve the way datasets are used to build Artificial intelligence (AI) health technologies and reduce the risk of potential AI bias.

      

      
        Massive black hole in the early universe spotted taking a 'nap' after overeating
        Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food. Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

      

      
        Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles
        Scientists have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size. The findings suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

      

      
        Engineers grow 'high-rise' 3D chips
        Researchers can now fabricate a 3D chip with alternating layers of semiconducting material grown directly on top of each other. The method eliminates thick silicon substrates between the layers, leading to better and faster computation, for applications like more efficient AI hardware.

      

      
        Physicists magnetize a material with light
        Physicists have created a new and long-lasting magnetic state in a material, using only light. The results provide a new way to control and switch antiferromagnetic materials, which are of interest for their potential to advance information processing and memory chip technology.

      

      
        Building a backbone: Scientists recreate the body's 'GPS system' in the lab
        Scientists have generated human stem cell models which contain notochord -- a tissue in the developing embryo that acts like a navigation system, directing cells where to build the spine and nervous system (the trunk).

      

      
        Syphilis had its roots in the Americas
        A research team has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.

      

      
        Overactive cells linked to type 2 diabetes
        Researchers studied oxygen treatment as a potential therapy to target specific cells linked to the development of cardiovascular and metabolic disorders like high blood pressure and type 2 diabetes and found no significant improvement in function in patients with type 2 diabetes.

      

      
        A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age
        Scientists propose a 'remelting' of the Moon's surface 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating.

      

      
        App helps alleviate mental health symptoms in bereaved parents
        A new study shows that an app can help parents who are mourning the loss of a child. Parents who used the app for three months reported reduced symptoms of prolonged grief and post-traumatic stress, and also had fewer negative thoughts. Some parents thought the app should be offered early in the mourning process.

      

      
        Thorium film could replace crystals in atomic clocks of the near future
        Atomic clocks that excite the nucleus of thorium-229 embedded in a transparent crystal when hit by a laser beam could yield the most accurate measurements ever of time and gravity, and even rewrite some of the fundamental laws of physics. Thorium-229-doped crystals are both scarce and radioactive. A thin film using a dry precursor of thorium-229 shows the same nuclear excitation as the crystal, but its low cost and radioactivity, and smaller size mean its production could be more easily scaled up...

      

      
        Developing artificial intelligence tools for health care
        Reinforcement Learning, an artificial intelligence approach, has the potential to guide physicians in designing sequential treatment strategies for better patient outcomes but requires significant improvements before it can be applied in clinical settings, finds a new study.

      

      
        Paranoia may be, in part, a visual problem
        Could complex beliefs like paranoia have roots in something as basic as vision? A new study finds evidence that they might. When completing a visual perception task, in which participants had to identify whether one moving dot was chasing another moving dot, those with greater tendencies toward paranoid thinking (believing others intend them harm) and teleological thinking (ascribing excessive meaning and purpose to events) performed worse than their counterparts, the study found. Those individua...

      

      
        How loss of urban trees affects educational outcomes
        Economists looked at test scores and school attendance for Chicago-area kids before and after a bug infestation wiped out the city's ash trees. Education outcomes for low-income students went down, highlighting how the impacts of ecosystem degradation are disproportionately felt by disadvantaged communities.

      

      
        New virtual reality-tested system shows promise in aiding navigation of people with blindness or low vision
        A new study offers hope for people who are blind or have low vision (pBLV) through an innovative navigation system that was tested using virtual reality. The system, which combines vibrational and sound feedback, aims to help users navigate complex real-world environments more safely and effectively.

      

      
        Using drones, researchers assess the health of humpback whale mother-calf pairs across the Pacific Ocean
        Biologists used drone imagery to understand how nursing humpback whale mothers and their calves fare as they cross the Pacific Ocean. Recent declines in North Pacific humpback whale reproduction and survival of calves highlight the need to understand how mother-calf pairs expend energy across their migratory cycle.

      

      
        'Bad' bacteria can trigger painful gut contractions; new research shows how
        A new study shows how one kind of bacteria, Vibrio cholerae, triggers painful intestinal contractions by activating the immune system. The research also finds a more general explanation for how the gut rids itself of unwanted intruders, which could also help scientists better understand chronic conditions like inflammatory bowel disease.

      

      
        Wildfire surges in East, Southeast US fueled by new trees and shrubs
        The eastern U.S. has more trees and shrubs than three decades ago. This growth, driven by processes such as tree and understory infilling in unmanaged forests, is helping fuel wildfires, contributing to changing fire regimes in the eastern half of the country, according to a new study.

      

      
        Nano drug delivery system heralds safer era for drug development
        A team of researchers has created an innovative drug delivery system with outstanding potential to improve drug development.

      

      
        How to print a car: High-performance multi-material 3D printing techniques
        A future where lightweight car parts can be made with a 3D printer is here, thanks to multi-material additive manufacturing research.

      

      
        Research shows solitude is better for your health when it's not too intense
        Hiking by yourself deep in a forest and similar episodes of intense solitude are not as likely to restore energy and enhance social connectedness as less complete forms of solitude, such as reading in a cafe or listening to Spotify while commuting.

      

      
        Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth
        Microgravity is known to alter the muscles, bones, the immune system and cogni tion, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, scientists sent tiny clumps of stem-cell derived brain cells called 'organoids' to the International Space Station.

      

      
        The social cost of carbon, a crucial tool for setting climate policy, omits key effects
        The social cost of carbon -- an important figure global policymakers use to analyze the benefits of climate and energy policies -- is too low, finds a new study.

      

      
        More calories -- more consumption: Individuals with and without obesity both prefer high-calories food, study finds
        Higher calorie foods were preferred among individuals with and without obesity despite similar taste and texture, according to a new study.

      

      
        Prehistoric rock in Japan reveals clues to major ocean anoxic event
        Researchers analyzed radioisotopes in layers of fossilized volcanic ash. Decay of uranium to lead within tiny crystals enabled scientists to precisely pinpoint dates for certain events. They determined this event occurred 119.5 million years ago -- coincident with evidence for massive volcanic eruptions -- and lasted for 1.1 million years. Study results help scientists better understand links between atmospheric CO2 levels, climate changes and conditions in the oceans.

      

      
        Images of crucial cell receptors show promising new drug targets
        New research combines two powerful imaging techniques to study the complete structure of a common aGPCR, including how its long and complex extracellular region interacts with the transmembrane region embedded in the cell surface. The different positions and movements of the extracellular region appear to be an important way to activate the receptor.

      

      
        Physicists 'bootstrap' validity of string theory
        String theory remains elusive as a 'provable' phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its 'inevitability.'

      

      
        World Cup soccer is getting faster for men and women alike
        If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study.

      

      
        How the body clock regulates inflammation
        New research has explained how the body's internal clock influences the inflammatory process of the immune system. The findings describe how immune cells, called macrophages, work differently at various times of the day and could pave the way for time-targeted treatments for inflammatory diseases such as arthritis.

      

      
        Significant advancement made in engineering biology and clean energy
        Engineers have reported a significant advancement in engineering biology and clean energy. A team of researchers has developed an innovative light-driven hybrid nanoreactor that merges natural efficiency with cutting-edge synthetic precision to produce hydrogen -- a clean and sustainable energy source.

      

      
        Is fake meat good to eat? Processed plant-based meat alternatives linked to depression risk in vegetarians
        Researchers found that vegetarians who consumed PBMAs had a 42% increased risk of depression compared to vegetarians who refrained from PBMAs.

      

      
        String figures shed light on cultural connections and the roots of mathematical reasoning
        New research suggests that the making of string figures, a globally documented practice, may point to shared cultural heritage stretching back millennia. The research offers a new way to investigate the evolution and distribution of cultural phenomena using mathematical methods.

      

      
        The longevity factor Foxo3 mediates 'unfit' cell elimination to ensure healthy body construction
        Researchers have revealed some of the precise mechanisms by which erroneous cells are recognized, marked for removal, and eliminated via apoptosis in developing zebrafish. Notably, they found that the protein Foxo3 may be a universal marker of cell competition in zebrafish and mice. These findings have important implications for congenital disorders, cancer, and aging, and may lead to novel treatments.

      

      
        Physics: Current generated by the quantum Hall effect has additional magnetic properties
        The quantum Hall effect, a fundamental effect in quantum mechanics, not only generates an electric but also a magnetic current. It arises from the motion of electrons on an orbit around the nuclei of atoms. These results can potentially be used to develop new types of inexpensive and energy-efficient devices.

      

      
        The physics of random stacking: Perspectives on stability and chaos
        Pile up blocks until the tower collapses. But why does the tower always end up collapsing? Is it possible that it can be built ad infinitum? A new study explores the fascinating and complex dynamics of the stacking of blocks subjected to hazards.

      

      
        Event Horizon Telescope: Moving towards a close-up of a black hole and its jets
        After taking the first images of black holes, the groundbreaking Event Horizon Telescope (EHT) is poised to reveal how black holes launch powerful jets into space. Now, a research team has shown that the EHT will be able to make exciting images of a supermassive black hole and its jets in the galaxy NGC 1052. The measurements, made with interconnected radio telescopes, also confirm strong magnetic fields close to the black hole's edge.
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Human-like artificial intelligence may face greater blame for moral violations | ScienceDaily
In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds. Minjoo Joo of Sookmyung Women's University in Seoul, Korea, presents these findings in the open-access journal PLOS ONE on December 18, 2024.


						
Prior research has revealed a tendency of people to blame AI for various moral transgressions, such as in cases of an autonomous vehicle hitting a pedestrian or decisions that caused medical or military harm. Additional research suggests that people tend to assign more blame to AIs perceived to be capable of awareness, thinking, and planning. People may be more likely to attribute such capacities to AIs they perceive as having human-like minds that can experience conscious feelings.

On the basis of that earlier research, Joo hypothesized that AIs perceived as having human-like minds may receive a greater share of blame for a given moral transgression.

To test this idea, Joo conducted several experiments in which participants were presented with various real-world instances of moral transgressions involving AIs -- such as racist auto-tagging of photos -- and were asked questions to evaluate their mind perception of the AI involved, as well as the extent to which they assigned blame to the AI, its programmer, the company behind it, or the government. In some cases, AI mind perception was manipulated by describing a name, age, height, and hobby for the AI.

Across the experiments, participants tended to assign considerably more blame to an AI when they perceived it as having a more human-like mind. In these cases, when participants were asked to distribute relative blame, they tended to assign less blame to the involved company. But when asked to rate the level of blame independently for each agent, there was no reduction in blame assigned to the company.

These findings suggest that AI mind perception is a critical factor contributing to blame attribution for transgressions involving AI. Additionally, Joo raises concerns about the potentially harmful consequences of misusing AIs as scapegoats and calls for further research on AI blame attribution.

The author adds: "Can AIs be held accountable for moral transgressions? This research shows that perceiving AI as human-like increases blame toward AI while reducing blame on human stakeholders, raising concerns about using AI as a moral scapegoat."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241218174943.htm
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Conserving high-elevation grasslands in Peru is key to protect Andean bears | ScienceDaily
Andean bears carefully select the best foraging locations and plants to maximize nutrition and avoid livestock, according to a study publishing December 18, 2024, in the open-access journal PLOS ONE by Nicholas Pilfold at the San Diego Zoo Wildlife Alliance in California, U.S., and colleagues.


						
Andean bears, also known as 'spectacled bears' because of the white markings encircling their eyes, are endemic to the Andes. They are listed as vulnerable by the IUCN and are threatened by habitat loss, climate change, and conflict with humans. Flowering plants called bromeliads form a major part of their diet, but little is known about their foraging behavior and feeding preferences across the mixture of cloud forest and grassland habitats within their range.

Researchers conducted surveys of two species of bromeliad (Puya leptostachya and Puya membranacea) in high-altitude grasslands, called 'puna', in and around Manu National Park in Peru. They recorded the location of each plant and whether there was evidence of consumption by Andean bears (Tremarctos ornatus), through observations of dug up, partially eaten stalks, a characteristic feeding sign of the bears.

Trail cameras confirmed that Andean bears were present at the survey locations. However, the surveys showed that the bears were foraging in just 16.7% of available bromeliad patches. Andean bears were more likely to forage for bromeliads in the dry season when there were young, tender plants available, which are likely easier for them to digest and more nutritious. The bears preferred to eat P. leptostachya plants growing on east-facing, steep slopes of puna grassland at the forest's edge. They rarely foraged for bromeliads outside the national park, where livestock like cattle are grazed.

The results suggest that Andean bears actively seek out bromeliads in locations where they feel safe from human disturbance. Although the bears avoided areas with livestock, they foraged in locations that had been grazed by livestock only a few decades ago. This behavioral flexibility may help them to regain lost territory quickly with help from targeted conservation measures. High-altitude grasslands bordering cloud forest are key habitats for Andean bears and conservation managers should consider how livestock impact this important ecosystem, the authors say.

The authors add: "Using the largest collection ever of field data on the feeding behavior of Andean bears in high elevation grasslands, we found that the bears actively selected for specific food resources within the grasslands, indicating that these areas are of nutritional importance to the bears. We also found Andean bears strongly avoided areas with livestock impacts to the grasslands, but that the cessation of livestock keeping restored the grasslands into areas Andean bears prefer within a short timeframe."
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After lockdown, immune system reacts more strongly to viruses and bacteria | ScienceDaily
Research from Radboud university medical center shows that the lockdowns during the COVID-19 pandemic had a significant impact on people's immune response to microorganisms. During the lockdown, inflammation level in the body was low, but afterwards, the immune system reacted more intensely to viruses and bacteria. The results are now published in Frontiers of Immunology.


						
In this study, the researchers examined the effects of various health measures introduced during the pandemic, such as lockdowns and vaccinations. The study was conducted in a large cohort of people living with HIV, as well as in healthy individuals. The researchers found that inflammation biomarkers in the blood were low during the lockdown for people in both groups. However, when they exposed immune cells from the blood to microorganisms like viruses and bacteria in the lab, the immune system reacted much stronger than immune cells of individuals outside the lockdown.

Hygiene Hypothesis

As a possible explanation for this strong immune reaction, Professor Mihai Netea from Radboud university medical center points to the hygiene hypothesis. This hypothesis suggests that regular contact with microorganisms is beneficial because it keeps the immune system both active and tolerant at the same time. A lack of exposure to environmental factors might contribute to an immune system that overreacts, potentially leading to systemic reactions such as those encountered in inflammatory diseases and allergies.

Netea: 'In our daily lives, we are constantly exposed to various micro-organisms. This helps train our immune system, teaching it to recognize which microorganisms are dangerous and which are harmless. During the lockdown, we missed that interaction because everyone stayed home and avoided each other. As a result, during and immediately after the lockdown periods, immune cells exposed to micro-organisms displayed a less well-regulated response, predisposing to hyperinflammation.'

Study Design

This research was made possible through a large study on people with HIV, initiated by Radboudumc and three other HIV treatment centers in the Netherlands. Recruitment for the study took place between October 2019, just before the COVID-19 pandemic, and October 2021. A total of 1,895 people with HIV are participating in this study, which is part of a broader research project on immune system function and the diversity of immune responses.




The study participants were divided into four groups:
    	368 individuals enrolled before the pandemic
    	851 individuals enrolled after the lockdown, but before vaccination or a COVID-19 infection
    	175 individuals who had contracted a COVID-19 infection
    	404 vaccinated individuals

In the lab, the researchers measured the level of inflammation in the participants' blood. They also examined the interaction between isolated blood cells and viruses and bacteria.

Subsequently, the findings were validated in cohort of 30 healthy individuals tested during or after the lockdown period. Professor Andre van der Ven: 'The results of this study primarily reflect people living with HIV, but we also examined a healthy control group. We saw similar results in this group, suggesting the effects may apply to the wider population. However, more research is needed for this group.'

Awareness of Impact

The study also revealed that vaccines and a COVID-19 infection influenced the immune system's response, but these effects were relatively small and short-lived, Netea explained, and were negligible compared to the impact of the lockdowns on the immune system. Netea: 'Lockdowns were necessary during the pandemic, especially at the beginning. However, it is important that we gain more insight into how social interactions affect and activate our immune system, so we can better manage the consequences. This way, we can apply such drastic social measures effectively and safely in a future pandemic.'
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Massive volcanic eruptions did not cause the extinction of dinosaurs | ScienceDaily
Massive volcanic eruptions on the Indian peninsula have long been proposed as an alternative cause for the demise of the dinosaurs. This phase of active volcanism took place in a period just before the Earth was struck by a meteorite, 66 million years ago. The effect of these volcanic eruptions on the Earth's climate has been topic of fierce scientific debates for decades. Now, climate scientists from Utrecht University and the University of Manchester show that, while the volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite impacted. The scientists therefore conclude that the meteorite impact was the ultimate cause of the dinosaur extinction event.


						
What killed off the dinosaurs -- was it the Chicxulub meteorite or did the effects of massive volcanism also play a role? Many modern children's books on the history of dinosaurs include speculation on these two competing ideas.

The meteorite impact in the Gulf of Mexico roughly 66 million years ago is well researched and widely known as the defining end of the dinosaur age. But earth scientists have fiercely debated for decades whether a massive outpouring of lava on the Indian continent, which occurred both prior to and after the meteorite impact, also contributed to the demise of dinosaur populations roaming the Earth. These volcanic eruptions released vast amounts of CO2, dust, and sulphur, thereby significantly altering the climate on earth -- but in different ways and on different timescales to a meteorite impact.

Ancient peats

A new publication in the scientific journal Science Advances by climate scientists from Utrecht University and the University of Manchester now provides compelling evidence that while the volcanic eruptions in India had a clear impact on global climate, they likely had little to no effect on the mass extinction of the dinosaurs.

By analysing fossil molecules in ancient peats from the United States of America, the scientific team reconstructed air temperatures for the time period covering both the volcanic eruptions and the meteorite impact. Using this method, the researchers show that a major volcanic eruption occurred about 30,000 years before the meteor impact, coinciding with at least a 5deg Celsius cooling of the climate. They also conclude that this cooling was likely the result of volcanic sulphur emissions blocking sunlight from reaching the Earth's surface.

Importantly, the scientists discovered that by around 20,000 years before the meteorite impact, temperatures on Earth had already stabilised and had climbed back to similar temperatures before the volcanic eruptions started. This period of global warming was likely aided by volcanic CO2 emissions, says Lauren O'Connor at Utrecht University: "These volcanic eruptions and associated CO2 and sulphur release would have had drastic consequences for life on earth. But these events happened millennia before the meteorite impact and probably played only a small part in the extinction of dinosaurs."

Impact winter




With the effects of volcanism practically ruled out, this would leave the Chicxulub meteorite impact as the primary cause of the dinosaur mass extinction. "By comparison, the impact from the asteroid unleashed a chain of disasters, including wildfires, earthquakes, tsunamis, and an 'impact winter' that blocked sunlight and devastated ecosystems. We believe the asteroid that ultimately delivered the fatal blow," says Rhodri Jerrett at the University of Manchester.

The fossil peats that the researchers analysed contain specific membrane-spanning molecules produced by bacteria. The structure of these molecules changes depending on the temperature of their environment. By analysing the composition of these molecules preserved in ancient sediments, scientists are able to calculate past temperatures. O'Connor adds: "This way, we were able to create a detailed 'temperature timeline' for the years leading up to the dinosaur extinction, which we can compare to the fossil record to understand the relative timing of events.."

The researchers from Utrecht University, the University of Manchester, Plymouth University, and the Denver Museum of Nature & Science, are now applying the same approach to reconstruct past climate at other critical periods in Earth's history.
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New evidence on the relationship between moderate wine consumption and cardiovascular health | ScienceDaily
Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicentre study led by researchers from the University of Barcelona, the Hospital Clinic and the August Pi i Sunyer Biomedical Research Institute (IDIBAPS), the Physiopathology of Obesity and Nutrition Networking Biomedical Research Centre (CIBEROBN) and the University of Navarra (UNAV). The study, published in the European Heart Journal, is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.


						
According to the researchers, "there is no doubt that excessive alcohol consumption has serious health consequences. However, the effects of moderate and responsible wine consumption are still the subject of debate in the scientific community. The results of this study and others should help to place moderate wine consumption in its rightful place as an element of the Mediterranean diet, considered to be the healthiest in the world."        

The principal authors of the study are the researcher Ines Dominguez, from the UB's Faculty of Pharmacy and Food Sciences and the Nutrition and Food Safety Research Institute (INSA); Professor Ramon Estruch, from the UB's Faculty of Medicine and Health Sciences and IDIBAPS; Rosa Maria Lamuela, professor and ICREA Academia, and member of INSA, and Professor Miguel Angel Martinez, from the University of Navarra (UNAV); all members of CIBEROBN.

       Controversy over the effects of wine

Today, there is much controversy about the health effects of moderate consumption of alcoholic beverages in general and wine in particular. Ramon Estruch stresses that "part of this debate is due to conflicting results of studies that have pointed to a protective effect of wine, while others have found no such effect." These differences could be explained by possible errors in wine consumption records. "Epidemiological studies assessing the role of wine in the rate of cardiovascular events are often based on self-reported information on wine consumption. These are reliable data, but subject to measurement errors due to inaccurate recall or biased perceptions about the social desirability of drinking alcoholic beverages," he explains. In response to this problem, the researchers in this study measured wine consumption by means of food intake frequency surveys, which they confirmed with an objective biomarker: the concentration found in urine of tartaric acid, a molecule produced mainly in grapes and rarely synthesized by other plant species.

While excessive alcohol consumption has serious health consequences, a new multicentre study provides new evidence that drinking between half a glass of wine and a full glass of wine a day could help reduce the risk of heart problems.

A reduction from 38% to 50%

Using this methodology, the study analysed wine consumption and cardiovascular outcomes in a cohort of PREDIMED patients. In total, 1,232 participants were evaluated, including 685 who had a cardiovascular event (cardiovascular death, myocardial infarction, stroke or heart failure) and 625 who were randomly selected.




Analysis of the data shows that light wine consumption (between one glass per week and less than half a glass per day) reduces the risk of having a cardiovascular complication by 38%, but this reduction reaches 50% when consumption is moderate (between half a glass and one glass per day). However, when consumption exceeds one drink per day, the protective effect disappears. The researchers also warn that "when we talk about moderate wine consumption, it is always with meals, never between meals."

More studies to confirm the results        

Despite these conclusions, Ines Dominguez points out that "the observational design of the study limits the ability to establish causality," and the experts point out that more research is needed: "The results of cohort studies should always be confirmed for greater certainty." In this regard, they point to two potential avenues for action. The first would involve the design of randomized nutritional intervention studies, by randomly assigning participants to groups with different wine consumption. "These are very expensive studies to conduct. There is one underway now, but the results will still take four to five years," they add. The second would be to study the mechanisms of these protective effects of wine on the cardiovascular system, such as research on the anti-inflammatory power of wine polyphenols -- such as resveratrol and other phenolic compounds. "Knowing the mechanisms gives a lot of plausibility to the results of epidemiological cohort studies," they conclude.    
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Lost score revives sound of music and voices from centuries past | ScienceDaily
A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago.


						
Scholars from Edinburgh College of Art and KU Leuven in Belgium have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century.

Researchers say the tantalising discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survives from the northeast of Scotland from this period.

The scholars made the discovery in a copy of The Aberdeen Breviary of 1510, a collection of prayers, hymns, psalms and readings used for daily worship in Scotland, including detailed writings on the lives of Scottish saints. Known as the 'Glamis copy' as it was formerly held in Glamis Castle in Angus, it is now in the National Library of Scotland in Edinburgh.

Despite the musical score having no text, title or attribution, researchers have identified it as a unique musical harmonisation of Cultor Dei, a night-time hymn sung during the season of Lent.

The Aberdeen Breviary came from an initiative by King James IV who issued a Royal Patent to print books containing orders of service in accordance with Scottish religious practices, rather than needing to rely on importing texts from England or Europe.

The researchers say the composition is from the Aberdeenshire region, with probable links to St Mary's Chapel, Rattray -- in Scotland's far northeastern corner -- and to Aberdeen Cathedral.




The discovery was made as researchers examined numerous handwritten annotations in the margins of the Glamis copy.

Of primary interest to the scholars was a fragment of music -- spread over two lines, the second of which is approximately half the length of the first -- on a blank page in a section of the book dedicated to Matins, an early morning service.

The presence of the music was a puzzle for the team. It was not part of the original printed book, yet it was written on a page bound into structure of the book, not slipped in at a later date, which suggests that the writer wanted to keep the music and the book together.

In the absence of any textual annotations on the page it was not clear whether the music was sacred, secular or even for voices at all, the researchers say.

After investigation they deduced it was polyphonic -- when two or more lines of independent melody are sung or played at the same time. Sources from the time say this technique was common in Scottish religious institutions, however very few examples have survived to the present day.

Looking closer, one of the team members realised that the music was a perfect fit with a Gregorian chant melody, specifically that it was the tenor part from a faburden, a three- or four-voice musical harmonization, on the hymn Cultor Dei.




David Coney, of Edinburgh College of Art, who discovered the identity of the music, said: "Identifying a piece of music is a real 'Eureka' moment for musicologists. Better still, the fact that our tenor part is a harmony to a well-known melody means we can reconstruct the other missing parts. As a result, from just one line of music scrawled on a blank page, we can hear a hymn that had lain silent for nearly five centuries, a small but precious artefact of Scotland's musical and religious traditions."

As well as uncovering lost sounds within its pages, researchers have also traced how the Aberdeen Breviary may have been used, and by whom, over its long history. At one time used as the private service-book of the illegitimate son of a high-ranking chaplain at Aberdeen Cathedral, himself a rural priest, it would later become a treasured family heirloom of a Scottish Catholic whose travels led him from post-Reformation Scotland to the capitals of the Habsburg and Ottoman Empires.

Lead author, Dr Paul Newton-Jackson, of KU Leuven, said: "The conclusions we have been able to draw from this fragment underscore the crucial role of marginalia as a source of new insights into musical culture where little notated material survived. It may well be that further discoveries, musical or otherwise, still lie in wait in the blank pages and margins of other sixteenth century printed books held in Scotland's libraries and archives."

In 2023, Dr Newton-Jackson was also a post-doctoral fellow at the University of Edinburgh's Institute for Advanced Studies in the Humanities.

Dr James Cook, of Edinburgh College of Art, said: "For a long time, it was thought that pre-Reformation Scotland was a barren wasteland when it comes to sacred music. Our work demonstrates that, despite the upheavals of the Reformation which destroyed much of the more obvious evidence of it, there was a strong tradition of high-quality music-making in Scotland's cathedrals, churches and chapels, just as anywhere else in Europe."

The study is published in the Journal Music and Letters.
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Carnivorous squirrels documented in California | ScienceDaily
A ground squirrel with cheeks stuffed with nuts, seeds or grains, is a common sight. But a new study provides the first evidence that California ground squirrels also hunt, kill and eat voles. The study, led by the University of Wisconsin-Eau Claire and University of California, Davis, is the first to chronicle widespread carnivorous behavior among squirrels.


						
Published in the Journal of Ethology, the study fundamentally changes our understanding of ground squirrels. It suggests that what was considered a granivorous species actually is an opportunistic omnivore and more flexible in its diet than was assumed.

The observations occurred in 2024 -- the 12th year of the Long-term Behavioral Ecology of California Ground Squirrels Project conducted at Briones Regional Park in Contra Costa County. Out of 74 observed interactions with voles between June and July, 42% involved active hunting of these small rodents by ground squirrels.

"This was shocking," said lead author Jennifer E. Smith, an associate professor of biology at UW-Eau Claire who leads the long-term ground squirrels project with Sonja Wild of UC Davis. "We had never seen this behavior before. Squirrels are one of the most familiar animals to people. We see them right outside our windows; we interact with them regularly. Yet here's this never-before-encountered-in-science behavior that sheds light on the fact that there's so much more to learn about the natural history of the world around us."

Wild has observed hundreds of squirrels in nature and yet, even for her, when the undergraduate students came in from field work and told her what they had witnessed, she said, "No, I'm not sure what you're referring to." Then she watched the video.

"I could barely believe my eyes," said Wild, a postdoctoral research fellow in the UC Davis Environmental Science and Policy department. "From then, we saw that behavior almost every day. Once we started looking, we saw it everywhere."

Opportunists amid rapid change

Through videos, photos and direct observations at the regional park, the authors documented California ground squirrels of all ages and genders hunting, eating and competing over vole prey between June 10 and July 30. The squirrels' carnivorous summer behavior peaked during the first two weeks of July, coinciding with an explosion of vole numbers at the park reported by citizen scientists on iNaturalist. This suggests the squirrels' hunting behavior emerged alongside a temporary increase in the availability of prey, the study said. The scientists didn't observe the squirrels hunting other mammals.




"The fact that California ground squirrels are behaviorally flexible and can respond to changes in food availability might help them persist in environments rapidly changing due to the presence of humans," Wild said.

Smith added that many species, including the California ground squirrel, are "incredible opportunists." From raccoons and coyotes to spotted hyenas and humans, the flexibility these mammals apply to their hunting strategies help them change and adapt with the human landscape.

"Through this collaboration and the data coming in, we're able to document this widespread behavior that we had no idea was going on," Smith said. "Digital technology can inform the science, but there's no replacement for going out there and witnessing the behavior because what animals are doing always surprises us."

The researchers said many questions remain unanswered, including how widespread hunting behavior is among squirrels, whether and how it is passed down from parent to pup, and how it effects ecological processes. The authors are also excited to return to the field next summer to see what impact, if any, this year's vole hunting may have on squirrel reproduction compared to the past decade.

Coauthors include Joey Ingbretson, Mackenzie Miner, Ella Oestreicher, Mari Podas, Tia Ravara, Lupin Teles and Jada Wahl of UW-Eau Claire and Lucy Todd of UC Davis.

Several coauthors conducted field work during their undergraduate studies. Their work was partly funded by the Ronald E. McNair Postbaccalaureate Achievement Program, Diversity Mentoring Program and Summer Research Experience for Undergraduates. Additional funding sources include the Swiss National Science Foundation and the Vicki Lord Larson and James Larson Tenure-track Time Reassignment Collaborative Research Program.
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Supermassive black holes halt rapid construction in an ancient celestial city | ScienceDaily
Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.


						
Understanding how galaxies form and complete their growth is an area of fundamental focus in astrophysics. The dense regions of the universe, like galaxy clusters, are dominated by giant elliptical galaxies -- massive, ancient galaxies that consist of old stars. Although the mechanism by which these giant elliptical galaxies halt star formation remains debated, one theory predicts that supermassive black holes (SMBHs) could play a key role. Their intense energy can suppress the gas supply to galaxies, which may lead to the formation of the giant elliptical galaxies seen today.

Against this backdrop, an international team of researchers investigated massive galaxies in an ancient galaxy cluster known as the Spiderweb protocluster, located 11 billion light years away, using data from the James Webb Space Telescope (JWST). The research was led by Associate Professor Rhythm Shimakawa from Waseda University, Japan; Dr. Yusei Koyama from the National Astronomical Observatory of Japan; Prof. Tadayuki Kodama from Tohoku University, Japan; Dr. Helmut Dannerbauer and Dr. J. M. Perez-Martinez from the Instituto de Astrofisica de Canarias and Universidad de La Laguna, Spain; along with others who were a part of the team. Their findings were published in the Monthly Notices of the Royal Astronomical Society: Letters on December 18, 2024.

The team succeeded in obtaining high-resolution maps of the recombination lines of hydrogen, which indicate the activity of star formation and SMBHs, through the Near-Infrared Camera mounted on JWST. Detailed analysis showed that massive galaxies with active SMBHs exhibit no sign of star formation, meaning that their growth is severely hampered by SMBHs. The results support the theoretical prediction that the formation of giant elliptical galaxies is linked with SMBH activity in the past.

"The Spiderweb protocluster has been studied by our team for more than 10 years using the Subaru Telescope and other facilities. With the new JWST data, we are now able to 'answer the questions' of understanding and predicting galaxy formation that we have accumulated," remarks Dr. Shimakawa. He adds further, "This study marks a significant step forward in expanding our understanding of the co-evolution of SMBHs and galaxies in celestial cities."
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Microplastics in the air may be leading to lung and colon cancers | ScienceDaily
Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that UC San Francisco researchers suspect may be causing respiratory and other illnesses.


						
A review of some 3,000 studies implicates these particles in a variety of serious health problems. These include male and female infertility, colon cancer and poor lung function. The particles also may contribute to chronic pulmonary inflammation, which can increase the risk of lung cancer.

"These microplastics are basically particulate matter air pollution, and we know this type of air pollution is harmful," said Tracey J. Woodruff, PhD, MPH, a professor of obstetrics, gynecology and reproductive sciences at UCSF.

Woodruff directs the Program on Reproductive Health & the Environment (PRHE) and is the senior author of the study, which appears Dec. 18 in the journal Environmental Science & Technology.

Small particles, big problem

Microplastics are less than 5 millimeters -- smaller than a grain of rice -- and they are ubiquitous in the environment. Each year, companies around the world produce nearly 460 million metric tons of plastic. That is projected to reach 1.1 billion by 2050.

A major source of plastic in the air is driving. Friction wears down tires along with the road surface, sending plastic fragments into the air.




The paper is the first systematic review of microplastics using gold standard methods approved by the National Academy of Sciences.

Most of the studies in the review were based on animals. But the researchers said the conclusions likely also apply to humans since they share many of the same exposures.

The study expands on a report the researchers worked on last year with the California State Policy Evidence Consortium (CalSPEC). The Consortium includes experts across the UC system and provides evidence for policymakers in the California State Legislature.

"We urge regulatory agencies and policy leaders to consider the growing evidence of health harms from microplastics, including colon and lung cancer," said Nicholas Chartres, PhD.

Chartres, the study's first author, led the science and policy team at PRHE and is now at the University of Sydney. "We hope state leaders will take immediate action to prevent further exposures."
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Potentially harmful bacteria slip through antimicrobial showerheads | ScienceDaily
To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But in ACS ES&T Water, researchers now report that these fixtures are no "silver bullet." In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.


						
The stream of droplets and fine mist that form during a shower could be inhaled or swallowed. Installing showerheads containing silver -- a naturally antimicrobial metal -- is a cost-effective way to potentially protect against drinking water-associated pathogens (DWPIs). DWPIs, such as the strains Pseudomonas and Legionella, can cause infections in people with compromised immune systems. However, researchers have previously reported that reducing DWPI by adding copper and silver to a building's water system to eliminate bacteria and viruses (i.e., copper-silver ionization) is a temporary or minor fix. The copper-silver ionization study results have raised concerns in the scientific community that short-term silver exposure in showerheads could fortify microbes instead and increase the risk of antimicrobial resistance, rather than curb it. So, Sarah-Jane Haig and colleagues wanted to see how showerheads containing silver affected the microbial composition of the water.

The team compared two conventional showerheads made of either plastic or metal with three fixtures that contained silver -- as a silver mesh within the showerhead, a silver-coated copper mesh in the showerhead and hose, or as a silver-embedded polymer composite. The showerheads were run in Haig's full-scale shower lab facility, which was developed to mimic real-world conditions.

Contrary to the antimicrobial claims of manufacturers, silver did not reduce overall DWPI concentrations or total bacteria in water samples in the researchers' shower lab. Haig and her team reasoned that this is a result of differences in their testing conditions versus those of the manufacturers'. More specifically, in this study the water came out of the showerhead in a quick rush, as would happen when someone takes a shower. However, the standard tests used by manufacturers expose microbe cultures to the silver material alone for 16 to 24 hours, which the team says is not an appropriate timeframe or a realistic scenario.

Although the overall pathogen concentration in the water samples didn't vary between standard and silver showerheads, the composition of the microbiome did. The populations were different for each of the silver-containing fixtures, which suggests that the way the silver was incorporated into the showerheads mattered, and rare microbes accounted for most of the differences. Further experiments by the team suggest that microbes in the silver-containing showerheads could be more prone to forming microbial communities called biofilms in response to the stressful environment. In addition, biofilms might explain the association between the number of different species and showerhead age, say the researchers, because these communities are reservoirs for DWPIs.

"These findings underscore the need for improved testing standards, real-world performance evaluation, and innovative solutions to mitigate microbial risks in water systems, benefiting consumers and vulnerable populations," says Haig.

The authors acknowledge funding from the National Science Foundation. 
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Nature's instructions: How fungi make a key medicinal molecule | ScienceDaily
For roughly a century, ever since Alexander Fleming's accidental discovery of penicillin in 1928, fungi have proven to be a goldmine for medicines. They've provided treatments for a wide range of diseases, from infections and high cholesterol to organ rejection and even cancer.


						
However, the process by which fungi synthesize some of their most potent compounds remains opaque. This is especially true of cyclopentachromone, a key building block in fungal products whose derivatives have shown promise in fighting cancer and reducing inflammation, among other medicinal properties.

Reading Nature's Instructions

While chemists have made progress in creating chromone derivatives in the lab, the molecule's distinctive structure has proven difficult to precisely and reliably copy. "It's very easy to wind up with a version where the chemical bonds aren't in the right place, or the structure is flipped," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE).

In a new paper in Journal of the American Chemical Society, members of the Gao Lab describe how they deciphered nature's own instructions -- namely, the genes of Penicillium citrinum, a mold commonly found on citrus fruits -- to discover a previously unreported enzyme that catalyzes the creation of cyclopentachromone-containing compounds.

"Nature has had billions of years to develop pathways for creating these compounds," says Gao, the paper's senior author. "Now we can borrow nature's tools to develop and study these compounds further, which could potentially lead to the development of new pharmaceuticals."

A Molecular Puzzle

Part of what makes cyclopentachromone unique is its distinctive structure, which includes a trio of carbon rings, two with six carbons, and one with five carbons. Like the scaffold used to erect a building, this series of rings provides the structural foundation for numerous bioactive molecules.




However, one of cyclopentachromone's known chemical precursors has an additional carbon, forming three rings of the same size. Exactly how nature changes that chemical to one with a different ring structure, when such rings are normally stable, has never been described before.

Elucidating the process required systematically turning genes on and off in P. citrinum until the pathway was disrupted, making clear which genes coded for the enzyme at work. "It was like having to test hundreds of light switches to see which one operates a particular bulb," says Qiuyue Nie, a postdoctoral fellow in the Gao Lab and the paper's first author.

As the researchers discovered, a different intermediary compound, 2S-remisporine A, which is produced by the newly identified enzyme, IscL, has a sulfur atom hanging off one side of the three-ring structure, like the hitch on the back of a truck.

From Mold to Medicine 

That high degree of reactivity is the source of cyclopentachromone's medicinal versatility: just as a truck can pull many different types of attachments, from wagons to boats, the carbon-sulfur bond in 2S-remisporine A can combine with a wide range of other groups, yielding a diverse array of molecules. "This intermediary compound is highly reactive," says Nie. "The carbon-sulfur bond can react with different sulfur donors to produce a lot of new compounds."

The fact that 2S-remisporine A is so reactive and will combine with various molecules, even itself, explains why this precursor has never been fully identified before. "We could never invent how to make such a reactive intermediate compound," says Nie. "We had to learn how nature makes it, then leverage those enzymatic tools ourselves."

The researchers hope that future work will walk this newly discovered pathway using the genetic map that guides it to further advance the use of fungal compounds in medicine. "Nature has an incredible toolbox," says Gao. "This paper shows us how one of those tools is made."




This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the National Institute of Health (R35GM138207) and a startup fund provided by the University of Pennsylvania.

Additional co-authors include Chunxiao Sun, Shuai Lu and Maria Zotova of Penn Engineering and Qiang Li and Tong Zhu of East China Normal University.
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Phytochromes: The 'eyes' that enable microalgae to find their way in the depths | ScienceDaily
The phytoplankton that populate oceans are known to play a key role in marine ecosystems and climate regulation. Like terrestrial plants, they store atmospheric CO2, and produce half of our planet's oxygen via photosynthesis. However, the mechanisms that control their distribution remain poorly understood.


						
By studying the light perception process of diatoms, a group of phytoplankton, scientists from the CNRS and Sorbonne University1,2discovered that these microalgae use light variation sensors which are codified in their genomes: phytochromes. These photoreceptors enable them to detect changes in the light spectrum in the water column, thereby providing information regarding their vertical position within it. This function is especially important in turbulent aquatic environments subject to substantial water mixing -- such as high latitude, temperate, and polar regions -- in order to adjust their biological activity, in particular photosynthesis. By analysing environmental genomic data from marine sampling campaigns by TaraOceans, the team observed that only diatoms from the zones beyond the Tropics of Cancer and Capricorn possess phytochromes. These zones, which are characterised by distinct seasonality including major differences in day length, suggest that phytochromes enable the diatoms equipped with them to measure the passage of time through the seasons.

This study, which appears in Nature on 18 December 2024, sheds new light on the mechanisms by which phytoplankton detect and respond to light to find their way in their environment. It also highlights the importance of integrated approaches, both in the laboratory and in the natural environment, for understanding the complex dynamics of marine ecosystems and the ability of organisms to adapt to environmental change.

1- Working at the Chloroplast Biology and Light-sensing in Microalgae Laboratory (CNRS/Sorbonne University) at the Institute of Physico-Chemical Biology (CNRS), in collaboration with the Institute of Biology of the Ecole normale superieure (CNRS/INSERM/ENS-PSL).

2- Collaborative project with the TaraOcean Foundation, a major actor in gathering genomic environmental data, and the Zoological Station Anton Dohrn of Naples for its biological oceanography approaches, with the support of the Bettencourt Schueller Foundation and the Dynamo Labex.
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Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid | ScienceDaily
Although our Solar System is billions of years old, we've only recently become better acquainted with one of its more dynamic and captivating inhabitants known as (2060) Chiron.


						
Chiron belongs to the class of objects that astronomers call "Centaurs." Centaurs are space objects that orbit the Sun between Jupiter and Neptune. They are akin to the mythological creature they borrow their name from in that they are hybrid, possessing characteristics of both asteroids and comets.

Using the James Webb Space Telescope, UCF Florida Space Institute (FSI) scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaur. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

The researchers' results were recently published in the journal Astronomy & Astrophysics.

UCF FSI Associate Scientist Noemi Pinilla-Alonso, who now works at the University of Oviedo in Spain, and Assistant Scientist Charles Schambeau led the research. The new findings build upon prior discoveries from Pinilla-Alonso and colleagues that detected carbon monoxide and carbon dioxide ice on trans-Neptunian objects (TNOs) for the first time earlier this year.

Those observations, paired with ones of Chiron, are creating foundational knowledge for understanding the creation of our Solar System, as these objects have largely remained unchanged since the Solar System was formed, Pinilla-Alonso says.

"All the small bodies in the Solar System talk to us about how it was back in time, which is a period of time we can't really observe anymore," she says. "But active centaurs tell us much more. They are undergoing transformation driven by solar heating and they provide a unique opportunity to learn about the surface and subsurface layers."

Since Chiron possesses characteristics of both an asteroid and a comet, it makes it rich for studying many processes that could assist in understanding them, she says.




"What is unique about Chiron is that we can observe both the surface, where most of the ices can be found, and the coma, where we see gases that are originating from the surface or just below it," Pinilla-Alonso says. "TNOs don't have this kind of activity because they're too far and too cold. Asteroids don't have this kind of activity because they don't have ice on them. Comets, on the other hand, show activity like centaurs, but they are typically observed closer to the Sun, and their comas are so thick that they complicate the interpretations of observations of the ices on the surface. Discovering which gases are part of the coma and their different relationships with the ices on the surface help us learn the physical and chemical properties, such as the thickness and the porosity of the ice layer, its composition, and how irradiation is affecting it."

The discovery of these ices and gases on an object as distant as Chiron -- observed near its farthest point from the Sun -- is exciting because it could help contextualize other centaurs and provide insight into the earliest era of our Solar System, Schambeau says.

"These results are like nothing we've seen before," he says. "Detecting gas comae around objects as far away from the Sun as Chiron is very challenging, but JWST has made it accessible. These detections enhance our understanding of Chiron's interior composition and how that material produces the unique behaviors as we observe Chiron."

Schambeau specializes in studying centaurs, comets and other space objects. He analyzed the methane gas coma and determined that the outflowing gas detected was consistent with it being sourced from a surface area that was exposed to the most heating from the Sun.

Chiron, first discovered in 1977, is characterized much better than most centaurs and comparatively is unique, Schambeau says. The newly analyzed information helps scientists better understand the thermophysical process going on in Chiron that produces methane gas, he says.

"It's an oddball when compared to the majority of other Centaurs," Schambeau says. "It has periods where it behaves like a comet, it has rings of material around it, and potentially a debris field of small dust or rocky material orbiting around it. So, many questions arise about Chiron's properties that allow these unique behaviors."

The researchers concluded that the coexistence of the molecules in various states adds another layer of intrigue for studying comets and centaurs. The study also highlighted the presence of irradiated byproducts of methane, carbon monoxide and carbon dioxide that will require further research and could help scientists further reveal the unique processes producing Chiron's surface composition.




Chiron originated from the TNO region and has traveled around our Solar System since its creation, says Pinilla-Alonso. The orbits of Chiron and many other large non-planetary objects occasionally experience close encounters with one of the giant planets where the gravitational pull from the planet changes the smaller object's orbit, taking them all over our Solar System and exposing them to many different environments, she says.

"We know it has been ejected from the TNO population and is only now transiting through the region of the giant planets, where it will not stay for too long," Pinilla-Alonso says. "After about 1 million years, centaurs like Chiron typically are ejected from the giant planets region, where they may end their lives as Jupiter Family comets or they may return to the TNOs region."

Pinilla-Alonso notes that the JWST's spectra showed for the first time Chiron's plethora of ices with different volatilities and their formation processes, she says.

Some of these ices, such as methane, carbon dioxide, and water ice, may be primordial components of Chiron inherited from the pre-solar nebula. Others, such as acetylene, propane, ethane, and carbon oxide, could have formed on the surface because of reduction and oxidation processes, she says.

"Based on our new JWST data, I'm not so sure we have a standard centaur," Pinilla-Alonso says. "Every active centaur that we are observing with JWST shows some peculiarity. But they cannot be all outliers. There must be something that explains why they appear to all behave differently or something that is common between them all that we cannot yet see."

The analysis of Chiron's gases and ices opens new frontiers and opportunities for exciting research, she says.

"We're going to follow up with Chiron," Pinilla-Alonso says. "It will come closer to us, and if we can study it at nearer distances and get better reads on the quantities and nature of the ices, silicates, and organics, we will be able to better understand how seasonal insolation variations and different illumination patterns can affect its behavior and its ice reservoir."

The JWST is the world's premier space science observatory, and it 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. The JWST is an international collaboration led by NASA with its partners the European Space Agency and the Canadian Space Agency.

Researchers' Credentials

Pinilla-Alonso was a professor at FSI who joined UCF in 2015. Most of her work on this project was conducted while she was at UCF. Pinilla-Alonso also holds a joint appointment as a research professor in UCF's Department of Physics and has led numerous international observational campaigns in support of NASA missions, such as New Horizons, OSIRIS-REx and Lucy. Pinilla-Alonso is a distinguished professor at the Institute for Space Sciences and Technologies in Asturias, within the Universidad de Oviedo. She received her doctoral degree in astrophysics and planetary sciences from the Universidad de La Laguna in Spain.

Schambeau is an assistant scientist who received his doctoral degree in physics with a concentration in planetary sciences in 2018 from UCF. He subsequently joined FSI where he expanded upon his work examining comets and centaurs as part of UCF's Preeminent Postdoctoral Program.
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Survey of 26,000 dead stars confirms key details of extreme stellar behavior | ScienceDaily
A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.


						
The findings bring scientists one step closer to using these stellar objects as natural laboratories to probe the effects of extreme gravity and hunt for exotic dark matter particles. Details about the research, led by Johns Hopkins University, are published in The Astrophysical Journal.

"White dwarfs are one of the best characterized stars that we can work with to test these underlying theories of run-of-the-mill physics in hopes that maybe we can find something wacky pointing to new fundamental physics," said Nicole Crumpler, a Johns Hopkins University astrophysicist who led the work. "If you want to look for dark matter, quantum gravity, or other exotic things, you better understand normal physics. Otherwise, something that seems novel might be just a new manifestation of an effect that we already know."

White dwarfs are cores of stars that were once like our sun but that have exhausted all the hydrogen once used as nuclear fuel. These stripped-down stars are so dense that a teaspoon of their material weighs upward of a ton, far heavier than ordinary matter. With that mass packed so tightly, their gravitational pull can be hundreds of times stronger than Earth's.

The research relied on measurements of how those extreme conditions influenced light waves emitted by white dwarfs. Light traveling away from such massive objects loses energy in the process of escaping its gravity, gradually turning redder. This "redshift" effect stretches light waves like rubber in ways telescopes can measure. It results from the warping of spacetime caused by extreme gravity, as predicted by Einstein's theory of general relativity.

By averaging measurements of the white dwarfs' motions relative to Earth and grouping them according to their gravity and size, the team isolated gravitational redshift to measure how higher temperatures influence the volume of their gaseous outer layers.

The research continues efforts by the same Johns Hopkins group. Their 2020 survey of 3,000 white dwarfs confirmed the stars shrink as they gain mass because of "electron degeneracy pressure," a quantum mechanical process that keeps their dense cores stable over billions of years without the need for nuclear fusion, which typically supports our sun and other types of stars. Until now, the team did not have enough data to confidently confirm the subtler -- but important -- effect of higher temperatures on that mass-size relationship, Crumpler said.




The study combines observations from the Sloan Digital Sky Survey, which uses telescopes in Chile and New Mexico, and the European Space Agency's Gaia mission. Both projects are continuously mapping and tracking millions of stars, galaxies, and other cosmic objects.

"The next frontier could be detecting the extremely subtle differences in the chemical composition of the cores of white dwarfs of different masses," said Nadia Zakamska, a Johns Hopkins astrophysics professor who directed the research. "We don't fully understand the maximum mass a star can have to form a white dwarf, as opposed to a neutron star or a black hole. These increasingly high-precision measurements can help us test and refine theories about this and other poorly understood processes in massive star evolution."

The observations could also help attempts to spot signs of dark matter, such as axions or other hypothetical particles, Crumpler said. By providing a more detailed picture of white dwarf structures, the team could use this data to uncover the signal of a particular model of dark matter that results in an interference pattern in our galaxy. If two white dwarfs are within the same dark matter interference patch, then dark matter would change the structure of these stars in the same way, Crumpler said.

Even though dark matter has gravity, it does not emit light or energy that telescopes can see. Scientists know it makes up most of the matter in space because its gravity affects stars, galaxies, and other cosmic objects in ways similar to how the sun affects our planet's orbit.

"We've banged our heads against the wall trying to figure out what dark matter is, but I'd say we have jack diddly squat," Crumpler said. "We know a whole lot of what dark matter is not, and we have constraints on what it can and can't do, but we still don't know what it is. That's why understanding simpler astrophysical objects like white dwarf stars is so important, because they give hope of discovering what dark matter might be."

Other authors include Vedant Chandra and Priyanka Chakraborty of Center for Astrophysics | Harvard & Smithsonian; Gautham Adamane Pallathadka, Stefan Arseneau, and Stephen P. Schmidt of Johns Hopkins University; Nicola Gentile Fusillo of Universita degli Studi di Trieste; J.J. Hermes of Boston University; Carles Badenes of University of Pittsburgh; and Boris T. Gansicke of University of Warwick

This research was supported by the National Science Foundation Graduate Research Fellowship Program under Grant No. 679DGE2139757, a Peirce Fellowship from Harvard University, the Johns Hopkins President's Frontier Award, a seed grant from the JHU Institute for Data Intensive Engineering and Science, the Johns Hopkins Provost's Undergraduate Research Award, the Alfred P. Sloan Foundation, and the Heising-Simons Foundation.

Sloan Digital Sky Survey telescopes are located at Apache Point Observatory, funded by the Astrophysical Research Consortium and operated by New Mexico State University, and at Las Campanas Observatory, operated by the Carnegie Institution for Science. Funding for the European Space Agency's Gaia Data Processing Analysis Consortium has been provided by national institutions participating in the Gaia Multilateral Agreement.
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New recommendations to increase transparency and tackle potential bias in medical AI technologies | ScienceDaily
Patients will be better able to benefit from innovations in medical artificial intelligence (AI) if a new set of internationally-agreed recommendations are followed.


						
A new set of recommendations published in The Lancet Digital Health and NEJM AI aims to help improve the way datasets are used to build Artificial intelligence (AI) health technologies and reduce the risk of potential AI bias.

Innovative medical AI technologies may improve diagnosis and treatment for patients, however some studies have shown that medical AI can be biased, meaning that it works well for some people and not for others. This means some individuals and communities may be 'left behind', or may even be harmed when these technologies are used.

An international initiative called 'STANDING Together (STANdards for data Diversity, INclusivity and Generalisability)' has published recommendations as part of a research study involving more than 350 experts from 58 countries. These recommendations aim to ensure that medical AI can be safe and effective for everyone. They cover many factors which can contribute to AI bias, including:
    	Encouraging medical AI to be developed using appropriate healthcare datasets that properly represent everyone in society, including minoritised and underserved groups;
    	Helping anyone who publishes healthcare datasets to identify any biases or limitations in the data;
    	Enabling those developing medical AI technologies to assess whether a dataset is suitable for their purposes;.
    	Defining how AI technologies should be tested to identify if they are biased, and so work less well in certain people.

Dr Xiao Liu, Associate Professor of AI and Digital Health Technologies at the University of Birmingham and Chief Investigator of the study said:

"Data is like a mirror, providing a reflection of reality. And when distorted, data can magnify societal biases. But trying to fix the data to fix the problem is like wiping the mirror to remove a stain on your shirt.

"To create lasting change in health equity, we must focus on fixing the source, not just the reflection."

The STANDING Together recommendations aim to ensure that the datasets used to train and test medical AI systems represent the full diversity of the people that the technology will be used for. This is because AI systems often work less well for people who aren't properly represented in datasets. People who are in minority groups are particularly likely to be under-represented in datasets, so may be disproportionately affected by AI bias. Guidance is also given on how to identify those who may be harmed when medical AI systems are used, allowing this risk to be reduced.




STANDING Together is led by researchers at University Hospitals Birmingham NHS Foundation Trust, and the University of Birmingham, UK. The research has been conducted with collaborators from over 30 institutions worldwide, including universities, regulators (UK, US, Canada and Australia), patient groups and charities, and small and large health technology companies. The work has been funded by The Health Foundation and the NHS AI Lab, and supported by the National Institute for Health and Care Research (NIHR), the research partner of the NHS, public health and social care.

In addition to the recommendations themselves, a commentary published in Nature Medicine written by the STANDING Together patient representatives highlights the importance of public participation in shaping medical AI research.

Sir Jeremy Farrar, Chief Scientist of the World Health Organisation said:

"Ensuring we have diverse, accessible and representative datasets to support the responsible development and testing of AI is a global priority. The STANDING Together recommendations are a major step forward in ensuring equity for AI in health."

Dominic Cushnan, Deputy Director for AI at NHS England said:

"It is crucial that we have transparent and representative datasets to support the responsible and fair development and use of AI. The STANDING Together recommendations are highly timely as we leverage the exciting potential of AI tools and NHS AI Lab fully supports the adoption of their practice to mitigate AI bias.''

The recommendations have been published today (18th December 2024), and are available open access via The Lancet Digital Health.

These recommendations may be particularly helpful for regulatory agencies, health and care policy organisations, funding bodies, ethical review committees, universities, and government departments.
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Massive black hole in the early universe spotted taking a 'nap' after overeating | ScienceDaily
Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food.


						
Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

An international team of astronomers, led by the University of Cambridge, used the NASA/ESA/CSA James Webb Space Telescope to detect this black hole in the early universe, just 800 million years after the Big Bang.

The black hole is huge -- 400 million times the mass of our Sun -- making it one of the most massive black holes discovered by Webb at this point in the universe's development. The black hole is so enormous that it makes up roughly 40% of the total mass of its host galaxy: in comparison, most black holes in the local universe are roughly 0.1% of their host galaxy mass.

However, despite its gigantic size, this black hole is eating, or accreting, the gas it needs to grow at a very low rate -- about 100 times below its theoretical maximum limit -- making it essentially dormant.

Such an over-massive black hole so early in the universe, but one that isn't growing, challenges existing models of how black holes develop. However, the researchers say that the most likely scenario is that black holes go through short periods of ultra-fast growth, followed by long periods of dormancy. Their results are reported in the journal Nature.

When black holes are 'napping', they are far less luminous, making them more difficult to spot, even with highly-sensitive telescopes such as Webb. Black holes cannot be directly observed, but instead they are detected by the tell-tale glow of a swirling accretion disc, which forms near the black hole's edges. The gas in the accretion disc becomes extremely hot and starts to glow and radiate energy in the ultraviolet range.




"Even though this black hole is dormant, its enormous size made it possible for us to detect," said lead author Ignas Juodzbalis from Cambridge's Kavli Institute for Cosmology. "Its dormant state allowed us to learn about the mass of the host galaxy as well. The early universe managed to produce some absolute monsters, even in relatively tiny galaxies."

According to standard models, black holes form from the collapsed remnants of dead stars and accrete matter up to a predicted limit, known as the Eddington limit, where the pressure of radiation on matter overcomes the gravitational pull of the black hole. However, the sheer size of this black hole suggests that standard models may not adequately explain how these monsters form and grow.

"It's possible that black holes are 'born big', which could explain why Webb has spotted huge black holes in the early universe," said co-author Professor Roberto Maiolino, from the Kavli Institute and Cambridge's Cavendish Laboratory. "But another possibility is they go through periods of hyperactivity, followed by long periods of dormancy."

Working with colleagues from Italy, the Cambridge researchers conducted a range of computer simulations to model how this dormant black hole could have grown to such a massive size so early in the universe. They found that the most likely scenario is that black holes can exceed the Eddington limit for short periods, during which they grow very rapidly, followed by long periods of inactivity: the researchers say that black holes such as this one likely eat for five to ten million years, and sleep for about 100 million years.

"It sounds counterintuitive to explain a dormant black hole with periods of hyperactivity, but these short bursts allow it to grow quickly while spending most of its time napping," said Maiolino.

Because the periods of dormancy are much longer than the periods of ultra-fast growth, it is in these periods that astronomers are most likely to detect black holes. "This was the first result I had as part of my PhD, and it took me a little while to appreciate just how remarkable it was," said Juodzbalis. "It wasn't until I started speaking with my colleagues on the theoretical side of astronomy that I was able to see the true significance of this black hole."

Due to their low luminosities, dormant black holes are more challenging for astronomers to detect, but the researchers say this black hole is almost certainly the tip of a much larger iceberg, if black holes in the early universe spend most of their time in a dormant state.

"It's likely that the vast majority of black holes out there are in this dormant state -- I'm surprised we found this one, but I'm excited to think that there are so many more we could find," said Maiolino.

The observations were obtained as part of the JWST Advanced Deep Extragalactic Survey (JADES). The research was supported in part by the European Research Council and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles | ScienceDaily
Scientists in South Korea have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size.


						
The findings, published Wednesday, December 18 in the Cell Press journal Device, suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

"The high adaptability of microrobot swarms to their surroundings and high autonomy level in swarm control were surprising," says author Jeong Jae Wie of the Department of Organic and Nano Engineering at Hanyang University in Seoul, South Korea.

Wie and colleagues tested how well microrobot swarms with different assembly configurations performed at a variety of tasks. They found that swarms with high aspect ratio assembly could climb an obstacle five times higher than the body length of a single microrobot and hurl themselves, one by one, over an obstacle.

A large swarm of 1,000 microrobots with high packing density formed a raft that floated on water and wrapped itself around a pill that weighed 2,000 times more than each individual robot, enabling the swarm to transport the drug through the liquid.

On dry land, a robot swarm managed to transport cargo 350 times heavier than each individual, while another microrobot swarm was able to unclog tubes that resembled blocked blood vessels. Finally, through spinning and orbital dragging motions, Wie's team developed a system through which robot swarms could guide the motions of small organisms.

Scientists have become increasingly interested in studying how swarms of robots can collectively achieve goals, inspired by the way ants band together to bridge a gap in a path or huddle in the shape of a raft to survive floods. Similarly, working together makes robots more resistant to failure -- even if some members of the group fall short of the goal, the rest keep performing their programmed motions until enough of them eventually succeed.




"Previous swarm robotics research has focused on spherical robots, which come together through point-to-point contact," says Wie. In this study, the researchers designed a swarm made up of cube-shaped microrobots, which share stronger magnetic

attractions since larger surface areas -- entire faces of each cube -- can come into contact.

Each microrobot stands 600 micrometers tall and consists of an epoxy body embedded with particles of ferromagnetic neodymium-iron-boron (NdFeB), which enables it to respond to magnetic fields and interact with other microrobots. By powering the robots with a magnetic field generated by rotating two connected magnets, the swarm can self-assemble. The researchers programmed the robots to come together in different configurations by varying the angle at which the robots were magnetized.

"We developed a cost-effective mass production method using onsite replica molding and magnetization, ensuring uniform geometry and magnetization profiles for consistent performance," says Wie.

"While the study's results are promising, the swarms will need higher levels of autonomy before they will be ready for real-world applications," says Wie.

"The magnetic microrobot swarms require external magnetic control and lack the ability to autonomously navigate complex or confined spaces like real arteries," he says. "Future research will focus on enhancing the autonomy level of the microrobot swarms, such as real-time feedback control of their motions and trajectories."
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Engineers grow 'high-rise' 3D chips | ScienceDaily
The electronics industry is approaching a limit to the number of transistors that can be packed onto the surface of a computer chip. So, chip manufacturers are looking to build up rather than out.


						
Instead of squeezing ever-smaller transistors onto a single surface, the industry is aiming to stack multiple surfaces of transistors and semiconducting elements -- akin to turning a ranch house into a high-rise. Such multilayered chips could handle exponentially more data and carry out many more complex functions than today's electronics.

A significant hurdle, however, is the platform on which chips are built. Today, bulky silicon wafers serve as the main scaffold on which high-quality, single-crystalline semiconducting elements are grown. Any stackable chip would have to include thick silicon "flooring" as part of each layer, slowing down any communication between functional semiconducting layers.

Now, MIT engineers have found a way around this hurdle, with a multilayered chip design that doesn't require any silicon wafer substrates and works at temperatures low enough to preserve the underlying layer's circuitry.

In a study appearing in the journal Nature, the team reports using the new method to fabricate a multilayered chip with alternating layers of high-quality semiconducting material grown directly on top of each other.

The method enables engineers to build high-performance transistors and memory and logic elements on any random crystalline surface -- not just on the bulky crystal scaffold of silicon wafers. Without these thick silicon substrates, multiple semiconducting layers can be in more direct contact, leading to better and faster communication and computation between layers, the researchers say.

The researchers envision that the method could be used to build AI hardware, in the form of stacked chips for laptops or wearable devices, that would be as fast and powerful as today's supercomputers and could store huge amounts of data on par with physical data centers.




"This breakthrough opens up enormous potential for the semiconductor industry, allowing chips to be stacked without traditional limitations," says study author Jeehwan Kim, associate professor of mechanical engineering at MIT. "This could lead to orders-of-magnitude improvements in computing power for applications in AI, logic, and memory."

The study's MIT co-authors include first author Ki Seok Kim, Seunghwan Seo, Doyoon Lee, Jung-El Ryu, Jekyung Kim, Jun Min Suh, June-chul Shin, Min-Kyu Song, Jin Feng, and Sangho Lee, along with collaborators from Samsung Advanced Institute of Technology, Sungkyunkwan University in South Korea, and the University of Texas at Dallas.

Seed pockets

In 2023, Kim's group reported that they developed a method to grow high-quality semiconducting materials on amorphous surfaces, similar to the diverse topography of semiconducting circuitry on finished chips. The material that they grew was a type of 2D material known as transition-metal dichalcogenides, or TMDs, considered a promising successor to silicon for fabricating smaller, high-performance transistors. Such 2D materials can maintain their semiconducting properties even at scales as small as a single atom, whereas silicon's performance sharply degrades.

In their previous work, the team grew TMDs on silicon wafers with amorphous coatings, as well as over existing TMDs. To encourage atoms to arrange themselves into high-quality single-crystalline form, rather than in random, polycrystalline disorder, Kim and his colleagues first covered a silicon wafer in a very thin film, or "mask" of silicon dioxide, which they patterned with tiny openings, or pockets. They then flowed a gas of atoms over the mask and found that atoms settled into the pockets as "seeds." The pockets confined the seeds to grow in regular, single-crystalline patterns.

But at the time, the method only worked at around 900 degrees Celsius.




"You have to grow this single-crystalline material below 400 Celsius, otherwise the underlying circuitry is completely cooked and ruined," Kim says. "So, our homework was, we had to do a similar technique at temperatures lower than 400 Celsius. If we could do that, the impact would be substantial."

Building up

In their new work, Kim and his colleagues looked to fine-tune their method in order to grow single-crystalline 2D materials at temperatures low enough to preserve any underlying circuitry. They found a surprisingly simple solution in metallurgy -- the science and craft of metal production. When metallurgists pour molten metal into a mold, the liquid slowly "nucleates," or forms grains that grow and merge into a regularly patterned crystal that hardens into solid form. Metallurgists have found that this nucleation occurs most readily at the edges of a mold into which liquid metal is poured.

"It's known that nucleating at the edges requires less energy -- and heat," Kim says. "So we borrowed this concept from metallurgy to utilize for future AI hardware."

The team looked to grow single-crystalline TMDs on a silicon wafer that already has been fabricated with transistor circuitry. The team first covered the circuitry with a mask of silicon dioxide, just as in their previous work. They then deposited "seeds" of TMD at the edges of each of the mask's pockets and found that these edge seeds grew into single-crystalline material at temperatures as low as 380 degrees Celsius, compared to seeds that started growing in the center, away from the edges of each pocket, which required higher temperatures to form single-crystalline material.

Going a step further, the researchers used the new method to fabricate a multilayered chip with alternating layers of two different TMDs -- molybdenum disulfide, a promising material candidate for fabricating n-type transistors; and tungsten diselenide, a material that has potential for being made into p-type transistors. Both p- and n-type transistors are the electronic building blocks for carrying out any logic operation. The team was able to grow both materials in single-crystalline form, directly on top of each other, without requiring any intermediate silicon wafers. Kim says the method will effectively double the density of a chip's semiconducting elements, and particularly, metal-oxide semiconductor (CMOS), which is a basic building block of a modern logic circuitry.

"A product realized by our technique is not only a 3D logic chip but also 3D memory and their combinations," Kim says. "With our growth-based monolithic 3D method, you could grow tens to hundreds of logic and memory layers, right on top of each other, and they would be able to communicate very well."

"Conventional 3D chips have been fabricated with silicon wafers in-between, by drilling holes through the wafer -- a process which limits the number of stacked layers, vertical alignment resolution, and yields," first author Kiseok Kim adds. "Our growth-based method addresses all of those issues at once."

To commercialize their stackable chip design further, Kim has recently spun off a company, FS2 ( Future Semiconductor 2D materials).

"We so far show a concept at a small-scale device arrays," he says. "The next step is scaling up to show professional AI chip operation."

This research is supported in part by Samsung Advanced Institute of Technology and the Air Force Office of Scientific Research.
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Physicists magnetize a material with light | ScienceDaily
MIT physicists have created a new and long-lasting magnetic state in a material, using only light.


						
In a study that will appear in Nature, the researchers report using a terahertz laser -- a light source that oscillates more than a trillion times per second -- to directly stimulate atoms in an antiferromagnetic material. The laser's oscillations are tuned to the natural vibrations among the material's atoms, in a way that shifts the balance of atomic spins toward a new magnetic state.

The results provide a new way to control and switch antiferromagnetic materials, which are of interest for their potential to advance information processing and memory chip technology.

In common magnets, known as ferromagnets, the spins of atoms point in the same direction, in a way that the whole can be easily influenced and pulled in the direction of any external magnetic field. In contrast, antiferromagnets are composed of atoms with alternating spins, each pointing in the opposite direction from its neighbor. This up, down, up, down order essentially cancels the spins out, giving antiferromagnets a net zero magnetization that is impervious to any magnetic pull.

If a memory chip could be made from antiferromagnetic material, data could be "written" into microscopic regions of the material, called domains. A certain configuration of spin orientations (for example, up-down) in a given domain would represent the classical bit "0," and a different configuration (down-up) would mean "1." Data written on such a chip would be robust against outside magnetic influence.

For this and other reasons, scientists believe antiferromagnetic materials could be a more robust alternative to existing magnetic-based storage technologies. A major hurdle, however, has been in how to control antiferromagnets in a way that reliably switches the material from one magnetic state to another.

"Antiferromagnetic materials are robust and not influenced by unwanted stray magnetic fields," says Nuh Gedik, the Donner Professor of Physics at MIT. "However, this robustness is a double-edged sword; their insensitivity to weak magnetic fields makes these materials difficult to control."

Using carefully tuned terahertz light, the MIT team was able to controllably switch an antiferromagnet to a new magnetic state. Antiferromagnets could be incorporated into future memory chips that store and process more data while using less energy and taking up a fraction of the space of existing devices, owing to the stability of magnetic domains.




"Generally, such antiferromagnetic materials are not easy to control," Gedik says. "Now we have some knobs to be able to tune and tweak them."

Gedik is the senior author of the new study, which also includes MIT co-authors Batyr Ilyas, Tianchuang Luo, Alexander von Hoegen, Zhuquan Zhang and Keith Nelson, along with collaborators at the Max Planck Institute for the Structure and Dynamics of Matter in Germany, University of the Basque Country in Spain, Seoul National University, and the Flatiron Institute in New York.

Off balance

Gedik's group at MIT develops techniques to manipulate quantum materials in which interactions among atoms can give rise to exotic phenomena.

"In general, we excite materials with light to learn more about what holds them together fundamentally," Gedik says. "For instance, why is this material an antiferromagnet, and is there a way to perturb microscopic interactions such that it turns into a ferromagnet?"

In their new study, the team worked with FePS3 -- a material that transitions to an antiferromagnetic phase at a critical temperature of around 118 Kelvin (-247 degrees Fahrenheit).




The team suspected they might control the material's transition by tuning into its atomic vibrations.

"In any solid, you can picture it as different atoms that are periodically arranged, and between atoms are tiny springs," von Hoegen explains. "If you were to pull one atom, it would vibrate at a characteristic frequency which typically occurs in the terahertz range."

The way in which atoms vibrate also relates to how their spins interact with each other. The team reasoned that if they could stimulate the atoms with a terahertz source that oscillates at the same frequency as the atoms' collective vibrations, called phonons, the effect could also nudge the atoms' spins out of their perfectly balanced, magnetically alternating alignment. Once knocked out of balance, atoms should have larger spins in one direction than the other, creating a preferred orientation that would shift the inherently nonmagnetized material into a new magnetic state with finite magnetization.

"The idea is that you can kill two birds with one stone: You excite the atoms' terahertz vibrations, which also couples to the spins," Gedik says.

Shake and write

To test this idea, the team worked with a sample of FePS3 that was synthesized by colleages at Seoul National University. They placed the sample in a vacuum chamber and cooled it down to temperatures at and below 118 K. They then generated a terahertz pulse by aiming a beam of near-infrared light through an organic crystal, which transformed the light into the terahertz frequencies. They then directed this terahertz light toward the sample.

"This terahertz pulse is what we use to create a change in the sample," Luo says. "It's like 'writing' a new state into the sample."

To confirm that the pulse triggered a change in the material's magnetism, the team also aimed two near-infrared lasers at the sample, each with an opposite circular polarization. If the terahertz pulse had no effect, the researchers should see no difference in the intensity of the transmitted infrared lasers.

"Just seeing a difference tells us the material is no longer the original antiferromagnet, and that we are inducing a new magnetic state, by essentially using terahertz light to shake the atoms," Ilyas says.

Over repeated experiments, the team observed that a terahertz pulse successfully switched the previously antiferromagnetic material to a new magnetic state -- a transition that persisted for a surprisingly long time, over several milliseconds, even after the laser was turned off.

"People have seen these light-induced phase transitions before in other systems, but typically they live for very short times on the order of a picosecond, which is a trillionth of a second," Gedik says.

In just a few milliseconds, scientists now might have a decent window of time during which they could probe the properties of the temporary new state before it settles back into its inherent antiferromagnetism. Then, they might be able to identify new knobs to tweak antiferromagnets and optimize their use in next-generation memory storage technologies.

This research was supported in part by the U.S. Department of Energy, Materials Science and Engineering Division, Office of Basic Energy Sciences, and the Gordon and Betty Moore Foundation.
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Building a backbone: Scientists recreate the body's 'GPS system' in the lab | ScienceDaily

The work, published today in Nature, marks a significant step forward in our ability to study how the human body takes shape during early development.

The notochord, a rod-shaped tissue, is a crucial part of the scaffold of the developing body. It is a defining feature of all animals with backbones and plays a critical role in organising the tissue in the developing embryo.

Despite its importance, the complexity of the structure has meant it has been missing in previous lab-grown models of human trunk development.

In this research, the scientists first analysed chicken embryos to understand exactly how the notochord forms naturally. By comparing this with existing published information from mouse and monkey embryos, they established the timing and sequence of the molecular signals needed to create notochord tissue.

With this blueprint, they produced a precise sequence of chemical signals and used this to coax human stem cells into forming a notochord.

The stem cells formed a miniature 'trunk-like' structure, which spontaneously elongated to 1-2 millimetres in length. It contained developing neural tissue and bone stem cells, arranged in a pattern that mirrors development in human embryos. This suggested that the notochord was encouraging cells to become the right type of tissue at the right place at the right time.




The scientists believe this work could help to study birth defects affecting the spine and spinal cord. It could also provide insight into conditions affecting the intervertebral discs -- the shock-absorbing cushions between vertebrae that develop from the notochord. These discs can cause back pain when they degenerate with age.

James Briscoe, Group Leader of the Developmental Dynamics Laboratory, and senior author of the study, said: "The notochord acts like a GPS for the developing embryo, helping to establish the body's main axis and guiding the formation of the spine and nervous system. Until now, it's been difficult to generate this vital tissue in the lab, limiting our ability to study human development and disorders. Now that we've created a model which works, this opens doors to study developmental conditions which we've been in the dark about."

Tiago Rito, Postdoctoral Fellow in the Developmental Dynamics Laboratory, and first author of the study, said: "Finding the exact chemical signals to produce notochord was like finding the right recipe. Previous attempts to grow the notochord in the lab may have failed because we didn't understand the required timing to add the ingredients.

"What's particularly exciting is that the notochord in our lab-grown structures appears to function similarly to how it would in a developing embryo. It sends out chemical signals that help organise surrounding tissue, just as it would during typical development."
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Syphilis had its roots in the Americas | ScienceDaily
A research team led by members of the Max Planck Institute for Evolutionary Anthropology has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.


						
In spring 1495, the Italian campaign of Charles VIII of France was interrupted by an intense outbreak of an apparently unknown illness -- a disease of high mortality that quickly engulfed the whole of Europe and left its survivors with life changing impairments to their bodies and minds. This documented epidemic is now interpreted to be the first historical account of syphilis.

The origin of syphilis is the subject of a decades-long debate. The late 15th century outbreak occurred shortly after the return of Columbus and his crew from their early expeditions to the Americas, which led some to believe that contact with new lands and people may have had something to do with the sudden disease onset. Though many communicable diseases made a westward journey from Europe to the Americas during the early colonial period where they imparted devastating consequences on indigenous groups, syphilis is one of the few that possibly made the reverse journey. This "Columbian theory" for syphilis has gained popularity over the years, but still has its critics. Its simple narrative starts to unravel when experts turn their attention to lesions seen in bones from Medieval Europe. Both long-term sufferers and those born with an infection can develop changes in their bones or teeth, and over the past several decades, a number of such skeletons have been found in Europe that predate 1492. Many now believe the history of syphilis in Europe began long before Columbus, and the late 15th century pandemic happened for reasons independent of new contacts. But neither theory has been confirmed.

Analyzing five ancient pathogen genomes

Pathogen DNA retrieved from archaeological bone has the potential to tip the scales in support of one theory over another. It has already told us volumes about the deep history of plague, tuberculosis, leprosy, and smallpox, though unthreading the history of syphilis has proven more challenging. "Several genomes from the syphilis family have been reconstructed from archaeological bone, but these haven't been able to address core questions related to the pre- or post-Columbian theories surrounding syphilis," says Kirsten Bos, group leader for molecular paleopathology at the Max Planck Institute for Evolutionary Anthropology.

A new study led by Bos and Johannes Krause, director of the Department of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology in Leipzig, has taken a critical step toward resolving this debate. Working with scientists and archaeologists from several countries in the Americas, the study focused on archaeological bone from these regions, where infections that left lesion patterns similar to syphilis are apparent from deep time periods. "We've known for some time that syphilis-like infections occurred in the Americas for millennia, but from the lesions alone it's impossible to fully characterize the disease," comments Casey Kirkpatrick, a postdoctoral researcher and paleopathologist who contributed to the current study. Bone pathology also cannot tell us whether the disease originated in the Americas, or if it came from Asia deep in our past and merely accompanied groups during the early peopling events of the Americas some 15,000 years ago.

Using state of the art techniques, the team was able to recover and analyze five ancient genomes of the syphilis disease family from Mexico, Chile, Peru, and Argentina. Computational microbiologist and postdoctoral researcher Lesley Sitter undertook the task of putting together the ancient molecular puzzles and adds "while preservation posed some analytical challenges, we were able to confidently determine the relationships between these extinct forms and the strains that impact global health today."

Syphilis family of diseases in the Americas pre-dates "Columbus"




Syphilis is part of a small family of diseases that also includes yaws and bejel, both classified as neglected tropical diseases that are found in equatorial regions across the globe. Postdoctoral researcher Rodrigo Barquera has worked previously with archaeological bone from colonial Mexico, and has confirmed the presence of both syphilis and yaws in Mexico City by the 17th century. Drawing upon the latest ancient genomic data, it is now clear that the Americas were a hub for ancient diversity within this disease group before the arrival of Columbus. "We see extinct sister lineages for all known forms of this disease family, which means syphilis, yaws, and bejel are the modern legacies of pathogens that once circulated in the Americas," asserts Barquera.

"The data clearly support a root in the Americas for syphilis and its known relatives, and their introduction to Europe starting in the late 15th century is most consistent with the data," adds Bos. Subsequent to this, an explosion in cases of syphilis and yaws seems to have occurred around AD 1,500. This is likely behind the breadth and intensity of the 16th century outbreak in Europe, whose global spread was facilitated by human trafficking networks and European expansions across the Americas and Africa in the decades and centuries that followed. "While indigenous American groups harboured early forms of these diseases, Europeans were instrumental in spreading them around the world," she concludes.

With support for an American origin of syphilis, how does the current narrative square up with the evidence of syphilis-like bone lesions that many claim to have identified in pre-1492 Europe? "The search will continue to define these earlier forms, and ancient DNA will surely be a valuable resource," comments Krause. "Who knows what older related diseases made it around the world in humans or other animals before the syphilis family appeared."
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Overactive cells linked to type 2 diabetes | ScienceDaily
Researchers from the University of Missouri are studying potential therapies to target specific cells linked to the development of cardiovascular and metabolic disorders like high blood pressure and type 2 diabetes.


						
A newly released study focused on a cluster of chemoreceptors cells located near the carotid artery in the neck. When overactive, the cells are a predictor of cardiovascular-related conditions and mortality.

Because these chemoreceptors can sense the concentration of oxygen in the body, MU researchers raised the question of whether manipulating oxygen levels might affect chemoreceptor overactivity and potentially impact cardiovascular and metabolic function.

"There are exciting studies in rats that show removing these chemoreceptors when they become overactive can improve issues like high blood pressure and high blood sugar," said Jacqueline Limberg, first author and associate professor of nutrition and exercise physiology. "Before we consider completely removing them in patients, we theorized that high doses of oxygen might reduce or 'shut off' chemoreceptor activity, thus improving health outcomes."

Two groups participated in the MU study -- 17 people with and 20 people without type 2 diabetes as the control. The research team found the peripheral chemoreceptors were indeed overactive in adults with diabetes, with the highest level of activity associated with patients with the highest blood sugar.

After entering hyperoxia -- a state where one is exposed to high levels of oxygen -- the chemoreceptors' activity fell, along with heart rate, blood pressure and the number of breaths taken per minute. The effect, however, did not differ between the two groups. In addition, there was no impact on glucose tolerance or insulin sensitivity.

"The goal of this study was to understand how peripheral chemoreceptors affect the cardiovascular and metabolic consequences of type 2 diabetes," said Camila Manrique-Acevedo, co-author and professor of medicine. "We now understand one bout of hyperoxia does not immediately improve function. Having this information allows us to focus our attention on other therapies that show promise for patients with type 2 diabetes."

Jacqueline Limberg, PhD is an associate professor of nutrition and exercise physiology, with appointments in the College of Agriculture, Food and Natural Resources. Camila Manrique-Acevedo, MD is a professor of medicine and the Thomas W. Burns, MD, Distinguished Professor in Diabetes at the School of Medicine. She is also a NextGen Precision Health investigator.
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A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age | ScienceDaily
Much about the Moon remains shrouded in mystery, including its age. Analyses of samples brought back from the lunar surface indicate our celestial sidekick could be about 4.35 billion years old, which means it came to be at about 200 million years after the formation of our solar system.


						
But that immense lag doesn't sit well with some scientists. During the solar system's early days, debris and planetary bodies collided and coalesced to form planets. By 200 million years, most of this chaotic debris had been swept up into larger bodies. Thus, many scientists who simulate the solar system's evolution see the idea of a massive collision forming the Moon this late as improbable.

In an "idea paper" published on December 18 in Nature, UC Santa Cruz Professor Francis Nimmo and his co-authors propose a possible explanation for this discrepancy: that the Moon underwent a "remelting" 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating. They say this remelting would have "reset" the age of the lunar rocks -- masking the Moon's true age with what could be likened to a volcanic facelift.

"We predict that there shouldn't be any lunar rocks that are older than 4.35 billion years because they should have experienced the same resetting," said Nimmo, a professor of Earth and planetary sciences. "Because this heating event was global, you shouldn't find rocks anywhere on the Moon that are significantly older than that."

Moon as microcosm for the cosmos

The Moon has fascinated humanity for millenia, and in the last few centuries, people started to wonder how -- and when -- the Moon formed. One of the reasons for sending astronauts to the Moon was to answer this question. The Moon also serves as a luminous stepping stone to comprehending more distant objects. But, if we can't nail down the age of the Moon, how can we be confident about the precise age of anything beyond it?

The Moon is thought to have been born from a collision between the early Earth and a Mars-sized protoplanet -- the last giant impact in our planet's history. The timing of this event has been estimated by dating lunar-rock samples presumed to have crystallized from the lunar magma ocean that existed post-impact, placing the Moon's age at about 4.35 billion years old.




However, this age fails to account for several discrepancies with thermal models and other pieces of evidence, such as the ages of some zircon minerals on the lunar surface, which suggest that the Moon could be up to 4.51 billion years old.

Nimmo and his colleagues hypothesize that a remelting event driven by the Moon's orbital evolution could account for the frequent occurrence of approximately 4.35-billion-year-old rocks -- such as those collected by the U.S. Apollo mission and others -- rather than the first solidification of the lunar magma ocean.

For their paper, the authors used modelling to show that the Moon may have experienced sufficient tidal heating to cause this remelting approximately 4.35 billion years ago, which could "reset" the apparent formation age of these lunar samples.

A misleading magma mask

Tidal heating is a process where the gravitational forces between two celestial bodies cause internal friction that leads to intense heating. For the Moon, this effect was likely more pronounced in its early history when it was closer to Earth. According to the latest models, during certain periods in its early years, the Moon's orbit would have been unstable, causing it to experience intense tidal forces from Earth that could have led to significant heating events, dramatically altering the Moon's geology.

The research team draws parallels between this hypothetical heating event on the Moon and the current volcanic activity observed on the Jupiter moon Io, which is known as the most volcanically active body in the solar system. Volcanic activity on Io is driven by tidal forces similar to what may have marked the Moon's early history, with widespread volcanic activity and the surface being constantly reshaped by eruptions.




The researchers also say the remelting of the Moon would explain why there are fewer lunar impact basins from early bombardments than might be expected, as they would have been erased during a heating event. The authors posit that this explanation would suggest the formation of the Moon occurred between 4.43 and 4.53 billion years ago, at the upper limit of previous age estimates.

Nimmo said the next stage of research will involve more complex simulations that refine our understanding of how tidal heating might have reset the Moon's geological clock. This, along with additional lunar samples from future missions, should shed more light on the Moon's true age.

That's why excitement surrounds the recent return of lunar samples by China's Chang'e 6 mission. These samples, collected from the far side of the Moon, will provide invaluable data for understanding the processes that shaped its history. Researchers are particularly eager to see whether these new samples support the idea of a global resetting event caused by tidal heating.

Nimmo's team also envisions more detailed modeling to further explore the effects of tidal heating on the Moon's geology. Although the initial models are promising, more complex and realistic simulations will be necessary to fully understand the scope of these heating events.

A New Era of Lunar Research

This paper not only offers a fresh perspective on the Moon's past, but also opens the door for more nuanced investigations into its formation and evolution. The interplay between geochemistry and simulation modeling is helping scientists to fill in the gaps of lunar history, with tidal heating emerging as a crucial mechanism for understanding the Moon's geological features.

"As more data becomes available -- particularly from ongoing and future lunar missions -- the understanding of the Moon's past will continue to evolve," Nimmo said. "We hope that our findings will spark further discussion and exploration, ultimately leading to a clearer picture of the Moon's place in the broader history of our solar system."
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App helps alleviate mental health symptoms in bereaved parents | ScienceDaily
A new study shows that an app can help parents who are mourning the loss of a child. Parents who used the app for three months reported reduced symptoms of prolonged grief and post-traumatic stress, and also had fewer negative thoughts. Some parents thought the app should be offered early in the mourning process. This is demonstrated in a new study from Uppsala University, published in the scholarly journal Cognitive Behaviour Therapy.


						
In the acute grief following a death, it is natural for family members to think it feels unreal and difficult to accept that the person who has died will not be coming back. For most people, the intense grief diminishes over time. They can accept the grief, live positively and manage to look ahead. However, some people become stuck in acute grief, a condition known as 'prolonged grief'.

"They may preserve the child's room as it was or visit the grave very frequently, even several years after the loss. It becomes a kind of ritual and a duty that they cannot escape. We have investigated whether the app can alleviate symptoms of prolonged grief and of depression and post-traumatic stress as well. In the study, we also investigate whether destructive patterns such as rumination and avoidance can be improved in this way," says Josefin Sveen, Professor of Clinical Psychology and first author of the study.

There are several apps based on cognitive behavioural therapy for coping with various mental health problems. A common feature of these apps is that they help the user to normalise thoughts, behaviours and feelings that are natural in the various situations they address.

Based on previous self-help app

In her previous research on the app PTSD Coach, a self-help app for people suffering from PTSD, Sveen discovered that parents whose child has died lack help in managing their grief. She therefore began to develop the new app in the hope that this could help them. Initially, she thought of parents whose child had died of cancer. Later, this group was expanded to include children dying from other causes.

The study involved 248 parents (80 per cent of them mothers). All had lost a child in the last 10 years. Almost half of the children had died of cancer and the average age at the time of death was 11. Participation was entirely voluntary. The participants were contacted by letter and via social media hosted by the Swedish Childhood Cancer Fund and Spadbarnsfonden (the Swedish Infant Death Foundation), which also co-financed the study. Half of the participants received access to the app, the other half had to wait three months before being allowed to use it.




"Grief meter'

The app has four components. Firstly, learning about grief and prolonged grief, and learning to accept grief. Secondly, help in finding support in your surroundings, for example, from friends, relations or colleagues, and easily accessible contact details to support organisations. Thirdly, practical exercises and strategies, including relaxation and help in writing about your grief and your feelings. One exercise involves writing a letter to the child who has died. It can also involve visiting physical places that you have previously avoided, or looking at photos of the child.

The fourth component is a 'grief meter' in which the user can rate their own grief and register how strong or weak the feeling of grief has been at different points during the day.

"Many participants thought this was particularly useful. Being able to see that their grief changed from day to day, that there are certain times when it is worst, and that they can feel quite all right in between," Sveen says. She continues:

"I am glad we have succeeded in producing an app that parents feel helps them. The feedback we received from them was that they appreciated the variety of functions offered by the app -- as they described it, it was helpful to have several types of support in just one place. The self-assessments that they made of their health also show that their prolonged grief symptoms declined thanks to the app. Some parents thought that in future, the app should be offered early in the process of mourning."

Next step young people

The study shows that the app can be a first step in providing information about grief and strategies for managing the challenges that grief brings. The next steps will be, firstly, to follow up the study in a year's time, and secondly, to conduct a similar study with an app for young people who have lost a parent and/or a sister or brother.
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Thorium film could replace crystals in atomic clocks of the near future | ScienceDaily
Atomic clocks that excite the nucleus of thorium-229 embedded in a transparent crystal when hit by a laser beam could yield the most accurate measurements ever of time and gravity, and even rewrite some of the fundamental laws of physics. Thorium-229-doped crystals are both scarce and radioactive. A thin film using a dry precursor of thorium-229 shows the same nuclear excitation as the crystal, but its low cost and radioactivity, and smaller size mean its production could be more easily scaled up to make smaller, less expensive, more portable atomic clocks.


						
This summer, UCLA physicists succeeded in getting the nucleus of a thorium-229 atom embedded in a transparent crystal to absorb and emit photons like the electrons in an atom do, ending decades of speculation about whether such a feat was possible. Raising the energy state of an atom's nucleus using a laser, or exciting it, would permit the development of the most accurate atomic clocks ever to exist and allow the most accurate measurements of time and gravity. Such an atomic clock could even rewrite some of the fundamental laws of physics.

But there's a catch: The thorium-229-doped crystals are both scarce and radioactive. In a new paper published in Nature, a team of UCLA chemists and physicists may have also solved that problem with the development of thin films made from a thorium-229 precursor that requires much less thorium-229 and is about as radioactive as a banana. Using these films, they showed the same laser-driven nuclear excitation necessary for a nuclear clock. Production of the film could be scaled up for use not only in nuclear clocks but other quantum optics applications.

Instead of embedding a pure thorium atom in a fluorine-based crystal, the new method uses a dry nitrate parent material of thorium-229 dissolved in ultrapure water and pipetted into a crucible. The addition of hydrogen fluoride yields a few micrograms of thorium-229 precipitate that is separated from the water and heated until it evaporates and condenses unevenly on transparent sapphire and magnesium fluoride surfaces.

Light from a vacuum ultraviolet laser system was directed at the targets, where it excited the nuclear state as reported in earlier UCLA research, and the subsequent photons emitted by the nucleus were collected.

"A key advantage to using a parent material -- thorium fluoride -- is that all the thorium nuclei are in the same local atomic environments and experience the same electric field at the nuclei," said co-author and Charles W. Clifford Jr. professor ofchemistry and biochemistry, and professor of materials science and engineering at UCLA, Anastassia Alexandrova. "This makes all thorium exhibit the same excitation energies, making for a stable and more accurate clock. In this way, the material is unique."

At the heart of every clock is an oscillator. The clock operates by defining time as how long it takes for the oscillator to undergo a certain number of oscillations. In a grandfather clock, a second may be defined as the time for the pendulum to go back and forth once; in the quartz oscillator of a wristwatch, it is typically about 32,0000 vibrations of the crystal.

In a thorium nuclear clock, a second is about 2,020,407,300,000,000 excitation and relaxation cycles of the nucleus. This higher tick rate can make the clock more precise, provided the tick rate is stable; if the tick rate changes, the clock will mismeasure time. The thin films described in this work provide a stable environment for the nucleus that is both easily constructed and has the potential to be harnessed to produce microfabricated devices. This could allow widespread use of nuclear clocks as it makes them cheaper and easier to produce.

Existing atomic clocks based on electrons are room-sized contraptions with vacuum chambers to trap atoms and equipment associated with cooling. A thorium-based nuclear clock would be much smaller, more robust, more portable and more accurate.

Above and beyond commercial applications, the new nuclear spectroscopy could pull back the curtain on some of the universe's biggest mysteries. Sensitive measurement of an atom's nucleus opens up a new way to learn about its properties and interactions with energy and the environment. This, in turn, will let scientists test some of their most fundamental ideas about matter, energy and the laws of space and time.
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Developing artificial intelligence tools for health care | ScienceDaily
Reinforcement Learning, an artificial intelligence approach, has the potential to guide physicians in designing sequential treatment strategies for better patient outcomes but requires significant improvements before it can be applied in clinical settings, finds a new study by Weill Cornell Medicine and Rockefeller University researchers.


						
Reinforcement Learning (RL) is a class of machine learning algorithms able to make a series of decisions over time. Responsible for recent AI advances, including superhuman performance at chess and Go, RL can use evolving patient conditions, test results and previous treatment responses to suggest the next best step in personalized patient care. This approach is particularly promising for decision making for managing chronic or psychiatric diseases.

The research, published in the Proceedings of the Conference on Neural Information Processing Systems (NeurIPS) and presented Dec. 13, introduces "Episodes of Care" (EpiCare), the first RL benchmark for health care.

"Benchmarks have driven improvement across machine learning applications including computer vision, natural language processing, speech recognition and self-driving cars. We hope they will now push RL progress in healthcare," said Dr. Logan Grosenick, assistant professor of neuroscience in psychiatry, who led the research.

RL agents refine their actions based on the feedback they receive, gradually learning a policy that enhances their decision-making. "However, our findings show that while current methods are promising, they are exceedingly data hungry," Dr. Grosenick adds.

The researchers first tested the performance of five state-of-the-art online RL models on EpiCare. All five beat a standard-of-care baseline, but only after training on thousands or tens of thousands of realistic simulated treatment episodes. In the real world, RL methods would never be trained directly on patients, so the investigators next evaluated five common "off-policy evaluation" (OPE) methods: popular approaches that aim to use historical data (such as from clinical trials) to circumvent the need for online data collection. Using EpiCare, they found that state-of-the-art OPE methods consistently failed to perform accurately for health care data.

"Our findings indicate that current state-of-the-art OPE methods cannot be trusted to accurately predict reinforcement learning performance in longitudinal health care scenarios," said first author Dr. Mason Hargrave, research fellow at The Rockefeller University. As OPE methods have been increasingly discussed for health care applications, this finding highlights the need for developing more accurate benchmarking tools, like EpiCare, to audit existing RL approaches and provide metrics for measuring improvement.




"We hope this work will facilitate more reliable assessment of reinforcement learning in health care settings and help accelerate the development of better RL algorithms and training protocols appropriate for medical applications," said Dr. Grosenick.

Adapting Convolutional Neural Networks to Interpret Graph Data

In a second NeurIPS publication presented on the same day, Dr. Grosenick shared his research on adapting convolutional neural networks (CNNs), which are widely used to process images, to work for more general graph-structured data such as brain, gene or protein networks. The broad success of CNNs for image recognition tasks during the early 2010s laid the groundwork for "deep learning" with CNNs and the modern era of neural-network-driven AI applications. CNNs are used in many applications, including facial recognition, self-driving cars and medical image analysis.

"We are often interested in analyzing neuroimaging data which are more like graphs, with vertices and edges, than like images. But we realized that there wasn't anything available that was truly equivalent to CNNs and deep CNNs for graph-structured data," said Dr. Grosenick.

Brain networks are typically represented as graphs where brain regions (represented as vertices) propagate information to other brain regions (vertices) along "edges" that connect and represent the strength between them. This is also true of gene and protein networks, human and animal behavioral data and of the geometry of chemical compounds like drugs. By analyzing such graphs directly, we can more accurately model dependencies and patterns between both local and more distant connections.

Isaac Osafo Nkansah, a research associate who was in the Grosenick lab at the time of the study and first author on the paper, helped develop the Quantized Graph Convolutional Networks (QuantNets) framework that generalizes CNNs to graphs. "We're now using it for modeling EEG (electrical brain activity) data in patients. We can have a net of 256 sensors over the scalp taking readings of neuronal activity -- that's a graph," said Dr. Grosenick. "We're taking those large graphs and reducing them down to more interpretable components to better understand how dynamic brain connectivity changes as patients undergo treatment for depression or obsessive-compulsive disorder."

The researchers foresee broad applicability for QuantNets. For instance, they are also looking to model graph-structured pose data to track behavior in mouse models and in human facial expressions extracted using computer vision.

"While we're still navigating the safety and complexity of applying cutting-edge AI methods to patient care, every step forward -- whether it's a new benchmarking framework or a more accurate model -- brings us incrementally closer to personalized treatment strategies that have the potential to profoundly improve patient health outcomes," concluded Dr. Grosenick.
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Paranoia may be, in part, a visual problem | ScienceDaily
Could complex beliefs like paranoia have roots in something as basic as vision? A new Yale study finds evidence that they might.


						
When completing a visual perception task, in which participants had to identify whether one moving dot was chasing another moving dot, those with greater tendencies toward paranoid thinking (believing others intend them harm) and teleological thinking (ascribing excessive meaning and purpose to events) performed worse than their counterparts, the study found. Those individuals more often -- and confidently -- claimed one dot was chasing the other when it wasn't.

The findings, published Dec. 17 in the journal Communications Psychology, suggest that, in the future, testing for illnesses like schizophrenia could be done with a simple eye test.

"We're really interested in how the mind is organized," said senior author Philip Corlett, an associate professor of psychiatry at Yale School of Medicine and member of the Wu Tsai Institute. "Chasing or other intentional behaviors are what you might think of as experiences perceived at a very high-level in the brain, that someone might have to reason through and deliberate. In this study, we can see them low down in the brain, in vision, which we think is exciting and interesting -- and has implications for how those mechanisms might be relevant for schizophrenia."

Paranoia and teleological thinking are similar in that they are both misattributions of intention, but paranoia is a negative perception while teleological thinking tends to be positive. Both patterns of thinking are linked to psychosis and schizophrenia.

Hallucinations are associated with psychosis as well and are often about other people, said Corlett, suggesting there may be a social component to these visual misperceptions.

"So we wondered whether there might be something related to social perception -- or misperception, what we refer to as social hallucination -- that we could measure and that relate to these symptoms of psychosis," he said.




For the task, participants were shown dots moving on a screen. Sometimes one dot was chasing another; other times there was no chase. Across different trials of the task, participants had to say whether a chase was occurring or not.

Those with higher degrees of paranoia and teleological thinking (as measured through questionnaires) were more likely than others to say with confidence that a chase was happening when one wasn't. Essentially, they perceived a social interaction that wasn't occurring.

In additional experiments, the researchers asked participants to identify which dot was doing the chasing and which dot was being chased. In these results, paranoia and teleological thinking began to diverge.

"People with paranoia were particularly bad at detecting which dot was being chased," said Santiago Castiello, lead author of the study and a postdoctoral researcher in Corlett's lab. "And people with high teleology were particularly bad at detecting which dot was doing the chasing."

That these two types of beliefs differed in this way highlights that they are distinct and may have implications for diagnosis or treatment, said the researchers. The connection to vision may also shift thinking around how the brain gives rise to psychotic symptoms.

"Very few people with congenital blindness develop schizophrenia," said Castiello. "Finding these social hallucinations in vision makes me wonder if schizophrenia is something that develops through errors in how people sample the visual world."

While there are no immediate therapeutic implications from these findings, deeper understanding of these beliefs could aid in pharmacological treatment development and risk assessment.

"One thing we're thinking about now is whether we can find eye tests that predict someone's risk for psychosis," said Corlett. "Maybe there is some very quick perceptual task that can identify when someone might need to talk to a clinician."
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How loss of urban trees affects educational outcomes | ScienceDaily
It's well established that urban tree cover provides numerous environmental and psychological benefits to city dwellers. Urban trees may also bolster education outcomes and their loss could disproportionately affect students from low-income families, according to new research by University of Utah social scientists.


						
Economics professor Alberto Garcia looked at changes in school attendance and standardized test scores at schools in the Chicago metropolitan region over the decade after a non-native beetle called the emerald ash borer appeared in North America, eventually killing millions of ash trees along the streets and yards of Midwestern cities. His results are both alarming and insightful, revealing a complex interplay between environmental degradation and social inequities.

Linking tree loss to education

The study analyzes how the loss of tree cover influenced education outcomes in the Chicago metropolitan region, which was hit hard by the infestation. Ash had been the region's most common non-invasive tree species, accounting for 18% of its street trees, or about 85,000 trees. Between 2010 and 2020 Chicago lost half its standing ash, with the remaining half already dead or in decline, according to the Morton Arboretum.

The study tracked changes in student performance on a standardized test administered to 3rd- through 8th-graders in Illinois, from 2003 to 2012.

"We found that test scores in areas with ash borer infestations were reduced after the onset of those infestations relative to unaffected areas that were similar," Garcia said.

"We also looked at heterogeneity in the income distribution, and we found that schools with more low-income students were less likely to experience infestations. These neighborhoods have less tree cover, so there is less likelihood that ash borer is going to establish," he continued. "We don't think that the low-income students in unaffected areas are impacted, but the low-income students at these impacted schools seem to be affected more than better-off students at these same schools."

The results were reported this month in the journal Global Environmental Change. The study was co-authored by ecologist Michelle Lee, who recently joined the School of Environment, Society & Sustainability as a professor in the Utah's College of Social & Behavioral Science after completing a postdoctoral fellowship at Penn State.




Prior research shows students in neighborhoods with greater tree cover see better test scores. A recent study by U sociologists and geographers, for example, demonstrated how low-income Utah neighborhoods have less tree canopy near their schools. Meanwhile, schools with greater tree cover had fewer students testing below proficient on year-end math and language arts exams.

Generally speaking, better education outcomes could simply be a function of these leafy neighborhoods' higher incomes, Garcia noted.

"Our study is trying to come a little closer to establishing a causal link," Garcia said. "We used this natural experiment of the emerald ash borer beetle being introduced and then idiosyncratically spreading around the different neighborhoods in the Chicago metropolitan area."

To conduct the study, Garcia and Lee built a novel dataset, combining satellite imagery with Illinois' standardized testing data and emerald ash borer survey efforts.

"We got kind of lucky that the state of Illinois was administering this standardized test in that same window when the ash borer first arrived in the area," Garcia explained. "Every school in Illinois was taking the same test, so we had consistent data across schools and through time."

Disparate impacts on students

Instead of merely reaffirming the tree cover-test score correlation, Garcia and Lee were able to track changes in school attendance and scores on standardized tests as the beetle infestation ran its course, laying waste to Chicago's ash trees over the span of a decade.




The study identified a 1.22% reduction in the number of students meeting or exceeding Illinois' standardized testing benchmarks in areas hit by the ash borer. This seemingly modest drop carries significant implications when scaled across the entire student population.

"We found that schools with more low-income students were less likely to experience infestations because these neighborhoods have less tree cover," Garcia noted. "But the low-income students at wealthier schools, where infestations were more common, seemed to bear the brunt of the impacts."

Speculating on the mechanisms driving these effects, Garcia noted loss of tree cover could exacerbate urban heat islands, increase air pollution, and diminish the psychological and physiological benefits that greenery provides.

"Some possible explanations are just that those students don't have the same resources to go home and recover from, for example, extreme temperatures or pollution-induced headaches the same way that higher-income students at the same schools might have," Garcia said.

Low-income students may also spend more time outdoors in their neighborhoods or remain longer near the school, increasing their exposure to degraded environmental conditions. Conversely, wealthier students might commute from more distant areas or have access to climate-controlled environments that mitigate these impacts.

Environmental justice implications

The findings highlight how environmental changes disproportionately affect vulnerable populations. While low-income neighborhoods were less likely to lose tree cover, low-income students -- particularly those attending wealthier schools -- suffered setbacks when infestations occurred.

"It's not just about access to environmental amenities," Garcia said. "It's about understanding how their absence can create inequities that ripple through critical aspects of life, like education."

The study underscores the importance of urban forestry initiatives and invasive species management. Efforts to maintain and restore tree cover could play a vital role in mitigating environmental and social disparities. Garcia's work also opens the door for further exploration into how ecosystem changes shape human outcomes, particularly in urban settings where environmental inequities are stark.
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New virtual reality-tested system shows promise in aiding navigation of people with blindness or low vision | ScienceDaily
A new study offers hope for people who are blind or have low vision (pBLV) through an innovative navigation system that was tested using virtual reality. The system, which combines vibrational and sound feedback, aims to help users navigate complex real-world environments more safely and effectively.


						
The research from NYU Tandon School of Engineering, published in JMIR Rehabilitation and Assistive Technology, advances work from John-Ross Rizzo, Maurizio Porfiri and colleagues toward developing a first-of-its-kind wearable system to help pBLV navigate their surroundings independently.

"Traditional mobility aids have key limitations that we want to overcome," said Fabiana Sofia Ricci, the paper's lead author and a Ph.D. candidate in NYU Tandon Department of Biomedical Engineering (BME) and NYU Tandon's Center for Urban Science + Progress (CUSP). "White canes only detect objects through contact and miss obstacles outside their range, while guide dogs require extensive training and are costly. As a result, only 2 to 8 percent of visually impaired Americans use either aid."

In this study, the research team miniaturized the earlier haptic feedback of its backpack-based system into a discreet belt equipped with 10 precision vibration motors. The belt's electronic components, including a custom circuit board and microcontroller, fit into a simple waist bag, a crucial step toward making the technology practical for real-world use.

The system provides two types of sensory feedback: vibrations through the belt indicate obstacle location and proximity, while audio beeps through a headset become more frequent as users approach obstacles in their path.

"We want to reach a point where the technology we're building is light, largely unseen and has all the necessary performance required for efficient and safe navigation," said Rizzo, who is an associate professor in NYU Tandon's BME department, associate director of NYU WIRELESS, affiliated faculty at CUSP and associate professor in the Department of Rehabilitation Medicine at NYU Grossman School of Medicine.

"The goal is something you can wear with any type of clothing, so people are not bothered in any way by the technology."

The researchers tested the technology by recruiting 72 participants with normal vision, who wore Meta Quest 2 VR headsets and haptic feedback belts while walking around NYU's Media Commons at 370 Jay Street in Downtown Brooklyn, an empty room with only side curtains.




Through their headsets, the participants experienced a virtual subway station as someone with advanced glaucoma would see it -- with reduced peripheral vision, blurred details, and altered color perception. The environment, created with Unity gaming software to match the room's exact dimensions, allowed the team to determine how well participants could navigate using the belt's vibrations and audio feedback when their vision was impaired.

"We worked with mobility specialists and NYU Langone ophthalmologists to design the VR simulation to accurately recreate advanced glaucoma symptoms," says Porfiri, the paper's senior author, CUSP Director and an Institute Professor in NYU Tandon's Departments of BME and Mechanical and Aerospace Engineering. "Within this environment, we included common transit challenges that visually impaired people face daily -- broken elevators, construction zones, pedestrian traffic, and unexpected obstacles."

Results showed that haptic feedback significantly reduced collisions with obstacles, while audio cues helped users move more smoothly through space. Future studies will involve individuals with actual vision loss.

The technology complements the functionality of Commute Booster, a mobile app being developed by a Rizzo-led team to provide pBLV navigation guidance inside subway stations. Commute Booster "reads" station signage and tells users where to go, while the haptic belt could help those users avoid obstacles along the way.

In December 2023, the National Science Foundation (NSF) awarded Rizzo, Porfiri, and a team of NYU colleagues a $5 million grant via its Convergence Accelerator, a program whose mission includes supporting the development of assistive and rehabilitative technologies. That grant, along with others from NSF, funded this research and also supports Commute Booster's development. In addition to Ricci, Rizzo and Porfiri, Lorenzo Liguori and Eduardo Palermo are the paper's authors, both from the Department of Mechanical and Aerospace Engineering of Sapienza University of Rome, Italy.
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Using drones, researchers assess the health of humpback whale mother-calf pairs across the Pacific Ocean | ScienceDaily

The team used drone imagery to measure calf growth and maternal body condition days after calf birth in Hawaii, and they then compared these measurements to the body conditions of humpback females in the Alaska feeding grounds, measuring pregnant and lactating females as well as humpback females whose reproductive status was unknown.

"We used drone-based photogrammetry to quantify the body size and condition of humpback whales on their Hawaiian breeding and Southeast Alaskan feeding grounds," explains Martin van Aswegen, MMRP PhD candidate and lead author of the study. "A total of 2,410 measurements were taken from 1,659 individuals, with 405 repeat measurements from 137 lactating females used to track changes in maternal body volume over migration."

The research shows that larger females produced larger, faster-growing calves. Over a 6-month period, lactating females decreased in body volume by an average of about 17%, whereas the calves' body volume increased by nearly 395% and their length increased by almost 60%. In Hawaii, the team discovered that on average, humpback whale mothers lose nearly 214 pounds of blubber per day. Over a 60-day period, this is equivalent to losing roughly 50 tons of krill, or 25 tons of Pacific herring. Mother humpbacks in Hawai'i lost 20% of their body volume over 60 days of lactation, and the energy they used lactating surpassed the total energetic cost of their year-long pregnancies.

In the Southeast Alaskan feeding grounds, lactating humpback mothers were found to have the slowest rates of weight gain compared to non-lactating females, gaining about 32 pounds each day. Comparatively, pregnant and nonpregnant females gained weight at six and two times the rate of the lactating females, respectively.

"For me, the surprising part of this study was our ability to find the same individual mothers and calves over great distances and time periods," shares van Aswegen. "For example, we obtained 405 repeat measurements from 137 lactating females in Hawai'i and Southeast Alaska, with eight of those mother-calf pairs measured in both locations within the same year. To measure the same whales over 3,000 miles apart over a period of roughly 200 days is truly remarkable and provides such valuable data for the questions we were asking."

In Hawai'i, humpback whales are important cultural, economic, educational, and environmental pillars. Studies document a 76.5% decline in mother-calf encounter rates in Hawaii between 2013-2018, with birth rates declining by 80% from 2015 to 2016. In the SE Alaskan feeding ground, research reveals total reproductive failure in 2018, with calf survival decreasing tenfold from 2014 to 2019. These observations coincided with the longest lasting global marine heatwave, which shifted food webs and reduced availability of prey throughout the North Pacific. It is believed that humpback whales were unable to acquire sufficient food in their feeding grounds, resulting in nutritional stress and notable declines in reproduction and abundance.




This new study by MMRP refines our understanding of the energetic requirements for humpback whales to produce offspring, and it also highlights the important role Hawai'i holds as a critical breeding habitat. We now know that humpback whales are highly vulnerable during stages of early calf growth and lactation, which means it will be essential to carefully manage these waters. This information is key for considering how human activities could adversely impact not just humpback whale mother-calf pairs, but the survival of the humpback whale species.

"This work forms the basis for future studies investigating the energetic demands on humpback whales," emphasizes Lars Bejder, MMRP director and co-author of the study. "Our humpback whale health database, comprising 11,000 measurements of 8,500 individual whales in the North Pacific, is being used across several projects within the Marine Mammal Research Program and abroad. These data become even more powerful when used in conjunction with fine-scale behavior and movement data (from biologging tags); reproductive and stress hormone data (from tissue and breath samples); and tissue data derived from post-mortem events. These studies will be used to better predict the resilience of large baleen whale species in the face of threats, including disturbance, entanglement, vessel collision, and climate change."

Understanding and protecting humpback whales is a shared effort, requiring close partnership.

"Our ability to track individual humpback whales across thousands of miles and over months speaks to the power of collaboration," notes Jens Currie, MMRP PhD candidate, Chief Scientist at Pacific Whale Foundation, and co-author of the study. "This study showcases how teamwork across disciplines and institutions helps us uncover the intricate relationships between maternal health, calf growth, and environmental stressors. Such partnerships are vital as we strive to protect humpback whales and their habitats amidst a changing climate."
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'Bad' bacteria can trigger painful gut contractions; new research shows how | ScienceDaily
After a meal of questionable seafood or a few sips of contaminated water, bad bacteria can send your digestive tract into overdrive. Your intestines spasm and contract, efficiently expelling everything in the gut -- poop and bacteria alike.


						
A new study from the University of Oregon shows how one kind of bacteria, Vibrio cholerae, triggers those painful contractions by activating the immune system. The research also finds a more general explanation for how the gut rids itself of unwanted intruders, which could also help scientists better understand chronic conditions like inflammatory bowel disease.

"This isn't a specific nefarious activity of the Vibrio bacteria," said Karen Guillemin, a microbiologist at the UO who collaborated on the work with biophysicist Raghu Parthasarathy. "The gut is a system where the default is, when there's damage, you flush."

The research was led by Julia Ngo, a now-graduated doctoral student in Guillemin and Parthasarathy's labs, and published Nov. 22 in the journal mBio.

Vibrio cholerae is best known for causing cholera, a severe illness that infects millions of people per year, often via contaminated water. A related Vibrio species is frequently linked to food poisoning from shellfish.

In past work, Parthasarathy's lab has shown that Vibrio cholerae bacteria amped up the strength of gut contractions in zebrafish. These fish, which are transparent as larvae, are a powerful tool for studying the dynamics of microbes in the gut because scientists can visualize what's happening in real time.

The team pinned the effect on a sword-like surface appendage that Vibrio bacteria usually use as a weapon against other microbes. Disarming the bacteria calmed the gut contractions -- but they weren't sure how or why.




The key, they show in this new research, is a type of immune cell called a macrophage.

Normally, macrophages tamp down the activity of neurons in the gut, keeping them calm and allowing things to move through the gut at a normal speed. But in response to tissue damage from the bacteria, the macrophages leave their posts and flock to the site of calamity, leaving the neurons unattended. Without macrophages to keep things in check, the neurons end up in overdrive, triggering strong contractions.

"It's amazing how dynamic all these cells are, the macrophages racing across the fish, the neurons and muscles pulsing with activity," Parthasarathy notes. "Without the ability to observe these phenomena in live animals, tracking cells and measuring gut contractions, we wouldn't have figured any of this out."

Those enhanced gut contractions are beneficial for the host, whether zebrafish or human.

"If the macrophages have to go deal with an injury, then it actually makes a lot of sense for the neurons to freak out and just push everything out of the gut," Guillemin said. "If there's something in the gut that's causing injury, you want to get it out of there."

The gut flushing is probably beneficial for the bacteria, too, giving them speedy access to new hosts. But Guillemin cautions against giving too much agency to microbes. The fact that Vibrio's weaponry against other bacteria also triggers this strong intestinal response probably isn't an exquisite adaptation, she said, but rather a convenient coincidence.

The study also highlights how cross talk between the immune and nervous systems might play an underappreciated role in gut health, Parthasarathy suggested. Deciphering how microbes influence that cross talk might give scientists new insights into a range of puzzling diseases.

This work was supported by the National Science Foundation and the National Institutes of Health.
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Wildfire surges in East, Southeast US fueled by new trees and shrubs | ScienceDaily
The eastern U.S. has more trees and shrubs than three decades ago. This growth, driven by processes such as tree and understory infilling in unmanaged forests, is helping fuel wildfires, contributing to changing fire regimes in the eastern half of the country, according to a new study.


						
Some parts of the eastern and southeastern United States have experienced a tenfold increase in the frequency of large wildfires over the last forty years, with Texas and the Appalachians seeing the largest increase. However, the Northeast lacked a tie between woody plant growth and large wildfires.

Wildfires thrive on woody vegetation such as trees and shrubs. The new analysis of wildfire and vegetation data shows that the eastern U.S. has seen a 37% increase in woody cover over the last 30 years. In some regions, high levels of woody cover are linked directly to a higher risk of large wildfires over the same period.

The research "is helping us narrow in on regional drivers and focus our efforts to preemptively get ahead of the growing wildfire problem here in the eastern U.S.," said Victoria Donovan, a landscape ecologist at the University of Florida who was the senior author on the study.

The study was published in Geophysical Research Letters, an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

Research has shown that woody cover growing in new places or thickening within forests is directly linked to increased wildfire risk in western and central parts of the country. But whether this is true out East has yet to be explored.

To test this, Donovan and her graduate student Michaella Ivey collected data on all wildfires between 1991 and 2021 that were at least 200 hectares -- around 500 football fields -- or larger in eastern states. They then looked where trees and shrubs were growing in the eastern U.S over the same period. To determine if woody cover influenced wildfire risk, the researchers compared the amount of woody cover within wildfire perimeters to what would be expected if wildfires were distributed at random.




The analysis revealed a strong link between woody cover and large wildfire occurrence -- but only in some parts of the country. Across the eastern temperate forest, a region that makes up nearly half of the United States, each 1% increase in woody cover led to an overall 3.9% increase in the odds of a wildfire the next year. The link between woody cover and wildfire risk was strongest in eastern Texas and in and around the Appalachian Mountains.

However, the researchers found no link between woody cover and wildfire risk in the Northeast and across some parts of the Mississippi River valley. This finding "prompts all sorts of questions about what other factors are influencing the system," Ivey said.

Cooler and wetter conditions in the Northeast, and to some extent the Mississippi River valley, may create conditions less conducive to wildfire. However, many Northeastern ecoregions could not be included in the study due to a low number of wildfires that were large enough to meet the study's size requirements. Wildfires in these areas may stay small because of agricultural fragmentation, the researchers said.

Because woody vegetation wasn't tied to wildfire increase consistently throughout the study area, climate change, human actions, or a combination of the two could be more important for wildfires than vegetation in some places. But overall, the research suggests that reducing fuels is a good tactic for reducing wildfire risk in the east, Donovan said.

More prescribed fires may be necessary in southern states as climate change is expected to make the southeast drier, and potentially more prone to wildfires, the researchers caution. This research shows a path forward for states and individuals to help reduce wildfire risk in the future.

"Using fuel management to reduce wildfire risk is a lot more actionable than changing the climate pattern in the short term," Donovan said, "though addressing climate change will likely be crucial for reducing wildfire risk in the east in the long term."
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Nano drug delivery system heralds safer era for drug development | ScienceDaily
A team of University of Melbourne researchers from the Caruso Nanoengineering Group has created an innovative drug delivery system with outstanding potential to improve drug development.


						
The team has pioneered a drug delivery system that is a coordination network composed of only metal ions and biomolecules, known as metal-biomolecule network (MBN). This system eliminates the need for complicated drug 'carriers', making it potentially more useful in a range of applications.

The research has been published in Science Advances and was led by Melbourne Laureate Professor and NHMRC Leadership Fellow Frank Caruso, from the Department of Chemical Engineering in the Faculty of Engineering and Information Technology, with Research Fellows Dr Wanjun Xu and Dr Zhixing Lin joint first authors.

The MBN nanoparticles are formed by combining non-toxic metal ions (such as those absorbed through diet, like calcium or iron) with phosphonate biomolecules (such as DNA, which is the building block of life). The MBN nanoparticles are chemically and metabolically stable and have antiviral, antibacterial, antifungal, anti-inflammatory and anti-cancer properties.

Dr Zhixing said one of the most significant benefits of the MBN system will be potentially increased success in drug development, because it uses materials highly compatible with the human body and avoids the use of potentially toxic drug carrier systems.

"We have created functional metal[?]organic networks that can easily assemble biomolecule drugs for biomedical applications such as anti-cancer or anti-viral therapies, gene delivery, immunotherapy, biosensing, bioimaging or drug delivery," Dr Zhixing said.

A large number of drug carriers have been developed by scientists around the world, but many of these fail due to toxicity from materials that evoke an immune response.




"At present, the challenges of drug development and approval mean that only about one out of 10,000 drug compounds, on average, reaches market approval, with many others failing due to safety issues. Any additional, non-functional components in carriers can potentially increase toxicity," Dr Wanjun said.

The team had to overcome the challenge that 'free' biomolecular cargoes often cannot reach their target cells to achieve the required biological function. Over the two-year project, they were able to minimise the use of extra, non-functional components and create a simpler material system with greater potential for success, without compromising performance.

There are various strategies to ensure the MBN nanoparticles activate at the required location. For instance, in an acidic cancer environment, such as in tumours associated with breast cancer, where the tumour microenvironment is typically more acidic than surrounding tissues, the engineered nanoparticles could disassemble.

Professor Caruso said the MBNs are 'tuneable', which means they can be customised for various biomedical applications, with size, cargo, potential targeting, as well as other properties that can be engineered by selecting different biomolecules, metal ions and assembly conditions. "It provides a modular approach to construct multifunctional nanoparticles with diverse compositions."

"Our system provides insights into fundamental assembly mechanisms and will allow us to create a library of bioactive nanoparticles for biomedicine, as well as environmental science, where biological barriers to delivery also exist," Professor Caruso said.

The next phase of the team's research will focus on gaining a deeper understanding of the MBN system and trialling it to formulate advanced materials aimed at treating diseases.
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How to print a car: High-performance multi-material 3D printing techniques | ScienceDaily
Researchers at Tohoku University's Institute for Materials Research and New Industry Creation Hatchery Center have made a breakthrough in a multi-material 3D printing technique, demonstrating the process for creating a lightweight yet durable automobile part.


						
The process of metal 3D printing involves building objects by depositing metals layer by layer, using heat to bind them together. The precision of 3D printing allows for the production of unique, highly customizable shapes that often create less wasteful byproducts than traditional manufacturing methods. "Multi-material structures" which strategically combine different materials for optimal performance of a component can also be created via 3D printing. For example, steel automobile parts can be made more lightweight by combining them with aluminum. Due to these benefits, mastering such 3D printing techniques is garnering considerable attention from researchers.

However, this technique does come with some challenges.

"Multi-materials are a hot topic in the field of additive manufacturing due to its process flexibility," explains Associate Professor Kenta Yamanaka (Tohoku University), "However, a major challenge in practical implementation is that for certain metal combinations, such as steel and aluminum, brittle intermetallic compounds can be formed at the dissimilar metal interfaces. So, while the material is now lighter, it ends up being more brittle."

The goal of this study was to produce a steel-aluminum alloy that was lightweight but did not compromise on strength. To do so, the research team used Laser Powder Bed Fusion (L-PBF), one of the primary metal 3D printing technologies that employs a laser to selectively melt metal powders. They discovered that increasing the scan speed of the laser significantly suppresses the formation of brittle intermetallic compounds (such as Al5Fe2 and Al13Fe4). They proposed that this higher scanning speed leads to something called non-equilibrium solidification, which minimizes solute partitioning that result in weak points in the material. The resulting product they created consequently demonstrated strong bonding interfaces.

"In other words, you can't just slap two metals together and expect them to stick without a plan," says Specially Appointed Assistant Professor Seungkyun Yim (Tohoku University),"We had to fully understand the in-situ alloying mechanism first."

Based on this achievement, they successfully prototyped the world's first full-scale automotive multi-material component (suspension tower) with a tailored geometry. The research group intends to apply these findings to other metal combinations where similar issues with bonding need improvement, which will allow for more broad applications.

The results were published in Additive Manufacturing on November 19, 2024.
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Research shows solitude is better for your health when it's not too intense | ScienceDaily
Hiking by yourself deep in a forest and similar episodes of intense solitude are not as likely to restore energy and enhance social connectedness as less complete forms of solitude, such as reading in a cafe or listening to Spotify while commuting, research by Oregon State University suggests.


						
The findings are important because of solitude's role in building connectedness, a key factor in a person's overall health picture. According to the U.S. Centers for Disease Control and Prevention, strong social ties are linked with a longer lifespan, better mental health and a lower risk of serious illness, including heart disease, stroke and dementia.

Morgan Quinn Ross, assistant professor of communication in the OSU College of Liberal Arts, and Scott Campbell of the Ohio State University surveyed nearly 900 adults in the United States and found that activities that provide less complete forms of solitude, like playing a game on your phone or going to a movie by yourself, offer some advantages over a solitary drive in the desert or writing in a secluded cabin.

"We learned that less complete solitude is more likely to restore energy and maintain a feeling of connection with others," Ross said. "In a world where social interaction is almost always just a click away, we need to understand how to balance social interaction with different types of solitude."

Ross and Campbell examined conditions under which an individual's solitude might be "shaded" by people and/or technology; accessibility to others and engagement with media can shade the solitude experience by causing time alone to be more social in nature, they note.

The researchers built a matrix of solitude that includes a base level -- no interaction with people -- and a total level, which refers to being inaccessible to others and not engaging with media. The matrix allowed them to investigate the tradeoff of solitude -- i.e., does experiencing it more completely maximize restoration, while experiencing it less completely maximizes relatedness?

Ross notes that a commonly held theory, Communicate Bond Belong, posits that social interaction can build relatedness with others at the expense of social energy, and that solitude can restore social energy but at the cost of relatedness. Social energy describes a person's capacity for social interaction and can be thought of as a battery that can be fully charged, partially charged or drained.




"Our study suggests that solitude is in fact not the flipside of social interaction," Ross said. "Whereas more intense social interaction yields connection but depletes energy, more intense solitude depletes both energy and connection. Solitude does not seem to function simply as a way to regain energy used in social interaction."

The scientists also learned that solitude was less detrimental to well-being for individuals who thought it helped them restore energy and maintain connection, regardless of how much energy their social interactions cost them.

Interestingly, these findings typically hold for both extroverts and introverts, said Ross, who added that one suggestion based on the study that people might try is attempting to seek solitude only when constructively motivated to do so.

"If you have a positive attitude toward solitude -- because you use it to restore energy and know that you will be able to connect with people later -- then choosing solitude will probably make you feel better," he said. "But if you choose solitude because of a negative attitude toward social interaction -- because you don't want to talk to people -- it will probably make you feel worse."

The study was published in PLOS One.
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Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth | ScienceDaily
Microgravity is known to alter the muscles, bones, the immune system and cognition, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, Scripps Research scientists, in collaboration with the New York Stem Cell Foundation, sent tiny clumps of stem-cell derived brain cells called "organoids" to the International Space Station (ISS).


						
Surprisingly, the organoids were still healthy when they returned from orbit a month later, but the cells had matured faster compared to identical organoids grown on Earth -- they were closer to becoming adult neurons and were beginning to show signs of specialization. The results, which could shed light on potential neurological effects of space travel, were published on October 23, 2024, in Stem Cells Translational Medicine.

"The fact that these cells survived in space was a big surprise," says co-senior author Jeanne Loring, PhD, professor emeritus in the Department of Molecular Medicine and founding director of the Center for Regenerative Medicine at Scripps Research. "This lays the groundwork for future experiments in space, in which we can include other parts of the brain that are affected by neurodegenerative disease."

On Earth, the team used stem cells to create organoids consisting of either cortical or dopaminergic neurons, which are the neuronal populations impacted in multiple sclerosis and Parkinson's disease -- diseases that Loring has studied for decades. Some organoids also included microglia, a type of immune cell that is resident within the brain, to examine the impact of microgravity on inflammation.

Organoids are usually grown in a nutrient-rich liquid medium that must be changed regularly to ensure that the cells have adequate nutrition, and to remove waste products. To avoid the need for lab work on the ISS, the team pioneered a method for growing smaller-than-usual organoids in cryovials -- small, airtight vials that were originally designed for deep freezing.

The organoids were prepared in labs at the Kennedy Space Station and traveled to the ISS in a miniature incubator. After a month in orbit, they returned to Earth, where the team showed that they were healthy and intact.

To examine how the space environment impacts cellular functions, the team compared the cells' RNA expression patterns -- a measure of gene activity -- to identical "ground control" organoids that had remained on Earth. Surprisingly, they found that the organoids grown in microgravity had higher levels of genes associated with maturity and lower levels of genes associated with proliferation compared to the ground controls, meaning that the cells exposed to microgravity developed faster and replicated less than those on Earth.




"We discovered that in both types of organoids, the gene expression profile was characteristic of an older stage of development than the ones that were on ground," says Loring. "In microgravity, they developed faster, but it's really important to know these were not adult neurons, so this doesn't tell us anything about aging."

The team also noted that, contrary to their hypothesis, there was less inflammation and lower expression of stress-related genes in organoids grown in microgravity, but more research is needed to determine why.

Loring speculates that microgravity conditions may more closely mirror the conditions experienced by cells within the brain compared to organoids grown under conventional lab conditions and in the presence of gravity.

"The characteristics of microgravity are probably also at work in people's brains, because there's no convection in microgravity -- in other words, things don't move," says Loring. "I think that in space, these organoids are more like the brain because they're not getting flushed with a whole bunch of culture medium or oxygen. They're very independent; they form something like a brainlet, a microcosm of the brain."

The paper describes the team's first space mission, but since then, they have sent four more missions to the ISS. With each one, they've replicated the conditions from the first mission and added additional experiments.

"The next thing we plan to do is to study the part of the brain that's most affected by Alzheimer's disease," says Loring. "We also want to know whether there are differences in the way neurons connect with each other in space. With these kinds of studies, you can't rely on earlier work to predict what the result would be because there is no earlier work. We're on the ground floor, so to speak; in the sky, but on the ground floor."

This work was supported by funding from the National Stem Cell Foundation. 
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The social cost of carbon, a crucial tool for setting climate policy, omits key effects | ScienceDaily
The social cost of carbon -- an important figure that global policymakers use to analyze the benefits of climate and energy policies -- is too low, according to a study led by the University of California, Davis.


						
The study, published today in the journal Proceedings of the National Academy of Sciences (PNAS), shows that current estimates for the social cost of carbon, or SCC, fail to adequately represent important channels by which climate change could affect human welfare. When included, the SCC increases to just over $280 per ton of CO2 emitted in 2020 -- more than double the average published in the academic literature. The study's estimate is also larger than the U.S. Environmental Protection Agency's central estimate of $190 per ton of CO2.

"When people worry about climate change, they worry about the risk and uncertainty it causes," said lead author Frances Moore, an associate professor in the Department of Environmental Science and Policy at UC Davis. "They worry about long-term, persistent accumulating effects, such as climate change acting as a drag on economic growth. They worry about impacts to very unique natural systems or cultural heritage that are just irreplaceable. Those are what keep people up at night about climate change, and those are not fully included in SCC estimates currently used for policymaking."

Climate change and the damage done

The social cost of carbon quantifies the damage a ton of carbon dioxide has on society and the economy, including food production, human health, property damage due to natural disasters, and impacts to natural systems. Estimates of the SCC are used widely in policy analysis, particularly to value the benefits of reducing greenhouse gas emissions. The United States, Germany, Canada and several states all have official SCC estimates used for policy making.

Most current government estimates, the study said, are incomplete and likely underestimate the benefits of reducing greenhouse gas emissions. This is because they omit some important ways climate change can affect human welfare, including via economic growth or effects on unique natural systems.

The study combines evidence from both the published literature and a survey of experts to fully integrate these elements into the SCC estimate, providing the most comprehensive assessment of SCC estimates to date.




Accounting for omissions

For the study, the authors synthesized 1,800 SCC estimates from the academic literature over the past 20 years and found a wide range of published values averaging $132 per ton of CO2.

The scientists also conducted an expert survey with the authors of the literature, who said they thought the true value of the SCC was likely twice as large as the average of published values. Experts attribute this to a range of omissions in the academic literature, including limited representation of climate tipping points, effects on scarce ecosystems, or climate impacts with long-lived effects on the economy such as impacts on economic growth.

The authors then used machine learning to re-weight the literature, partially correcting some of the omissions identified by experts and using more recent evidence on discount rates. This produced a distribution of the 2020 SCC with a mean of $283 per ton of CO2 and an interquartile range of $97 to $369.

The study states: "Incorporating climate costs into the prices of economic activities that emit greenhouse gases, either directly through carbon pricing or indirectly through emission regulation or subsidies of cleaner alternatives, is essential for averting the worst climate outcomes."

The study's coauthors are Moritz Drupp from the University of Hamburg, James Rising from the University of Delaware, Simon Dietz from the London School of Economics and Political Science, Ivan Rudik from Cornell University, and Gernot Wagner from Columbia Business School.
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More calories -- more consumption: Individuals with and without obesity both prefer high-calories food, study finds | ScienceDaily
Higher calorie foods were preferred among individuals with and without obesity despite similar taste and texture, according to a study published December 17 in the open-access journal PLOS Biology by Albino Oliveira-Maia from the Champalimaud Foundation, Portugal, and colleagues.


						
Eating sends signals to the brain with information about a food's energy content, which can influence food preferences irrespective of flavor. People with obesity often have impairments in areas of the brain where dopamine is released, which may drive reward-related eating and a preference for energy-dense foods rich in fat and sugars. Weight loss due to bariatric surgery has been associated to a normalization of reward-related eating with a shift of preferences toward healthier options, but the underlying mechanisms are not well understood.

In this study, after examining a large group of healthy volunteers, researchers compared food preferences in three groups: 11 individuals with obesity, 23 post-bariatric surgery patients, and 27 non-obese control subjects. They gave participants sweetened low-fat yogurt with and without maltodextrin (a carbohydrate that adds calories to the yogurt with no impact on taste or texture). Participants ate the yogurt at home, alternating between the maltodextrin-containing and -free yogurt. All three groups ate more of the maltodextrin-containing yogurt, despite rating both as equally pleasant. Somewhat unexpectedly, the effects of maltodextrin on yogurt consumption were similar in individuals with obesity relative to their non-obese counterparts.

The study also used radioactive iodine labeling and single photon emission computed tomography to visualize dopamine receptors in the brain. Consistent with previous studies, individuals with obesity had lower dopamine receptor availability than non-obese controls. Dopamine receptor availability was similar in the surgical and non-obese groups and was associated with more restrained eating. These results suggest that obesity-related brain changes can be reversed after bariatric surgery, potentially impacting the amount of food consumed but not necessarily the types of food preferred.

The authors add, "We were very intrigued that, while behavior was guided towards eating yoghurts with higher energy-content, this did not seem to be a result of explicit choices, since consistent changes in pleasantness of flavors enriched with carbohydrates were not found. Importantly, this behavior was maintained in patients with obesity and after weight-loss surgery, even though there were important differences in their brain dopaminergic system."
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Prehistoric rock in Japan reveals clues to major ocean anoxic event | ScienceDaily
By studying prehistoric rocks and fossils emerging from the side of Mount Ashibetsu in Japan, researchers have precisely refined the timing and duration of Ocean Anoxic Event 1a (OAE 1a), an extreme environmental disruption that choked oxygen from Earth's oceans to cause significant extinction, especially among plankton.


						
Researchers have long suspected that massive volcanic eruptions undersea caused carbon dioxide (CO2) increases, global warming and depleted oxygen (called anoxia) in the ocean during the Mesozoic Period. Now, an international team of researchers, including Northwestern University Earth scientists, determined the precise timing of the volcanic eruption and OAE1a, which started 119.5 million years ago. The work adds to a growing volume of evidence that volcanic CO2 emissions directly triggered the anoxic event.

The new study also determined that OAE 1a lasted for just over 1.1 million years. This new information helps scientists better understand how the Earth's climate and ocean system operates and responds to stress -- especially as it relates to current warming.

The study was published late last month in the journal Science Advances. It marks the most detailed and highly resolved dating of an ocean anoxic event ever achieved.

"Ocean anoxic events occur in part as a consequence of climatic warming in a greenhouse world," said Northwestern's Brad Sageman, a senior author of the study. "If we want to make accurate predictions about what we will see in the decades ahead with human-caused warming, this information is invaluable. The best way to understand the future is to look at data from the past."

An expert on ancient climates, Sageman is a professor of Earth, Environmental and Planetary Sciences at Northwestern's Weinberg College of Arts and Sciences and a co-director of the Paula M. Trienens Institute for Sustainability and Energy.

A Northwestern connection

The Cretaceous Period experienced two major and several minor ocean anoxic events, with OAE 1a as one of the two largest. The most likely cause: volcanic eruptions rapidly injected massive amounts of CO2 into the ocean and atmosphere. These aren't ordinary volcanoes but large igneous provinces that erupt up to a million cubic kilometers of basalt over several millions of years. When CO2 reacts with seawater, it forms a weak carbonic acid, which literally dissolves sea creatures' shells. The acid, combined with low oxygen levels, has significant consequences for sea life.




Researchers first began pondering ocean anoxic events in the mid-1970s, after a discovery by Northwestern geologist Seymour Schlanger and Oxford professor Hugh Jenkyns. When examining sediment samples from the Pacific Ocean floor, Schlanger and Jenkyns discovered black, organic carbon-rich shales that matched samples -- in composition and age -- from both the Atlantic Ocean and rock formations in Italy.

Widespread lack of oxygen was the most likely explanation for these deposits. Anoxia prevents the breakdown of organic matter from dead plants and animals, leading to a global pattern of organic enrichment. Instead of decomposing, the settling plankton and other fossils accumulated to form organic carbon-rich strata scattered around the globe.

"How were black shales forming at the same time in the deep oceans and up on land?" Sageman asked. "Schlanger and Jenkyns realized there must have been a massive global event that caused oxygen to decrease from the ocean surface all the way down to the seafloor."

History solidified in stone

In the new study, researchers looked not to the depths of the oceans but to ancient strata along the northwest edge of a mountain on Japan's Hokkaido Island. The rocks, or tuffs, formed from volcanic ash that settled and solidified over time. Tectonic activity lifted these layers above sea level during formation of the Japanese islands, leaving them exposed and accessible where streams carve through the temperate rainforest of Hokkaido. By collecting and analyzing the tuffs, Sageman, his Ph.D. student, Luca Podrecca, and their collaborators gained a glimpse into geologic history.

"Magma comes out of a volcano in liquid form and then begins to cool," Sageman said. "During this process, crystals start to form. By the time the tuff solidifies, the crystals become a tiny closed system. They lock in atoms, and some of those atoms, like uranium, start to decay, meaning they convert from one isotope to another. That provides a tool to date the eruption, and, thus, date a specific layer within a stack of sedimentary rock. While the expertise of team members from Tohuku University in Japan, Durham University in the U.K. and Northwestern focuses on the characterization and global correlation of the strata, our collaborators at the University of Wisconsin-Madison and Boise State University are experts in the geochronological analyses."

The researchers also used other types of isotopes, such as carbon, which tracks synchronous changes in the carbon cycle, and osmium, which tracks volcanic activity and changes in ocean chemistry.




"These isotope systems provide tools for correlating the OAE1a interval between sites in Hokkaido, southern France and other sites all around the globe," Sageman said. "They give us markers for instants in geologic time."

Pinpointing the exact timeline

According to this evidence, an abrupt shift in carbon isotope ratios -- caused first by the spike in volcanic CO2added to the carbon cycle (and later by the excess burial of organic matter) -- occurred in the early Cretaceous at the beginning of OAE 1a. A concurrent shift in the isotopic ratios of osmium reflects a massive input of volcanic material into ocean waters. The timing of these events corresponds to eruption of the Ontong Java Nui complex, an enormous igneous province about the size of Alaska located in the southwestern Pacific Ocean.

Now that researchers know it took the oceans 1.1 million years to recover from the sharp increase in CO2, they have more insight into how long the effects of CO2-driven warming events might last and what the associated effects, such as ocean anoxia, may be.

"We're already seeing zones with low oxygen levels in the Gulf of Mexico," Sageman said. "The main difference is that past events unfolded over tens of thousands to millions of years. We're driving roughly similar levels of warming (or more) but doing so in less than 200 years."
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Images of crucial cell receptors show promising new drug targets | ScienceDaily
Almost 35% of drugs approved by the Food and Drug Administration work by targeting G protein-coupled receptors (GPCRs), proteins embedded in cell membranes that allow cells to communicate with each other. Adhesion G protein-coupled receptors (aGPCRs) are the second largest family of these receptors in humans. As their name suggests, they help cells adhere, or stick to each other, and send signals inside the body.


						
These receptors are involved in many processes, such as how tissues grow, how the immune system works, and how organs form. Problems with aGPCRs can also lead to diseases like cancer, brain disorders, and growth issues. Despite the obviously important role they play in the body, however, there are no drugs approved to target aGPCRs because they are large, complex, and difficult to study.

New research from the University of Chicago combines two powerful imaging techniques to study the complete structure of a common aGPCR, including how its long and complex extracellular region interacts with the transmembrane region embedded in the cell surface. The different positions and movements of the extracellular region appear to be an important way to activate the receptor.

"This opens up new opportunities for drugging adhesion GPCRs, because now we are showing that the extracellular region is communicating with the transmembrane region," said Demet Arac, PhD, Associate Professor of Biochemistry and Molecular Biology at UChicago and senior author of the new study. The results were published this month in Nature Communications.

Capturing new images and new configurations

The extracellular region of an aGPCR extends from the cell membrane into space outside the cell, where it can bind to molecules and receptors from other cells. It consists of several domains, including the GPCR Autoproteolysis INducing (GAIN) domain, which can cleave itself into two pieces.

The common understanding of how to activate an aGPCR is that a ligand from outside the cell attaches to one of the extracellular domains and exerts force that separates the GAIN domain from its other piece, a peptide called the tethered agonist (TA) that remains attached to the transmembrane region. When the TA is separated, it can move and interact with the transmembrane region to initiate signaling, but a growing body of biochemistry research shows that many aGPCR functions don't rely on this cleavage-dependent mechanism. Separating the GAIN domain is also irreversible, leaving the receptor in a constant "on" state, which may be harmful for the cell. Sometimes a cell may need to toggle a receptor on and off, so there must be some other way of doing it.




Arac's lab has been working for 11 years to reveal the structure of full-length aGPCRs, hoping to learn how incoming signals are transmitted from outside to inside the cell. These receptors are notoriously difficult to fully understand because the extracellular regions have many complex and distinct configurations. Graduate student Szymon Kordon, PhD, led the new study, picking up the work of a previous student to capture images of the complete structure of Latrophilin3, an aGPCR involved in developing brain synapses that has also been linked to attention deficit hyperactivity disorder and several cancers.

Kordon and Arac optimized generation and purification of Latrophilin3 and captured initial electron microscopy images, but they faced numerous challenges to get a good picture of the receptor. They then worked with Antony Kossiakoff, PhD, the Otho S.A. Sprague Distinguished Service Professor of Biochemistry and Molecular Biology at UChicago, to create a synthetic antibody that could attach to the aGPCR. This antibody stabilized the extracellular region and lent it a distinctive shape that allowed Kordon to capture the full receptor structure using cryo-electron microscopy (cryo-EM), an imaging technique that freezes cells and molecules for a snapshot. The resulting images became the first known structure of a complete aGPCR.

The cryo-EM images showed that the GAIN domain of the receptor assumed several different positions in relation to the cell surface. Each different position of the GAIN domain created a different contact point between it and the transmembrane region. The researchers wondered if these different configurations could be a different means of communicating to the cell, without separating the GAIN domain completely. So, they partnered with Reza Vafabakhsh, PhD, Associate Professor of Molecular Biosciences at Northwestern University, and Kristina Cechova, PhD, a postdoctoral researcher at Northwestern, to run a second series of experiments that tracked the movements of the extracellular regions.

Cechova and the team used Forster resonance energy transfer (FRET) imaging, which can measure the energy transfer between molecules that are close to each other. After attaching fluorescent markers to different points on both the extracellular and transmembrane regions of the aGPCR, they could track its movements as it responded to adhesion forces pulling and pushing on it. What they saw confirmed their suspicion about the function of the different configurations.

"Different conformational states correlated to different signaling activity of the receptor," Kordon said. "That shows the functional relevance of these conformations on the downstream signaling in the cell." Kordon, who graduated in 2024, later received the Best Dissertation Award from the Department of Biochemistry and Molecular Biology at UChicago for his work on this project.

A new way of activating receptors

Arac said that now that they have a better understanding of the structure of aGPCRs and how they work, they can see potential for targeting them with drugs in the same way as other receptors. Researchers could engineer antibodies like the ones used in this study to stabilize them for imaging but designed to manipulate their activity instead. Since aGPCRs have distinct shapes and structures, these antibodies could be very precise as well. With 33 different aGPCRs already identified in humans, there are plenty of opportunities.

"This could be the future of drugging adhesion GPCRs," Arac said. "The advantage of this is that extracellular regions are very different from each other, so you can target them with a drug that doesn't bind to other receptors and cause unwanted side effects."
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Physicists 'bootstrap' validity of string theory | ScienceDaily
String theory, conceptualized more than 50 years ago as a framework to explain the formation of matter, remains elusive as a "provable" phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its "inevitability."


						
String theory posits that the most basic building blocks of nature are not particles, but, rather, one-dimensional vibrating strings that move at different frequencies in determining the type of particle that emerges -- akin to how vibrations of string instruments produce an array of musical notes.

In their work, reported in the journal Physical Review Letters, New York University and Caltech researchers posed the following question: "What is the math question to which string theory is the only answer?" This approach to understanding physics is known as the "bootstrap," which is reminiscent of the adage about "pulling yourself up by your bootstraps" -- producing results without additional assistance or, in this case, input.

The bootstrap has previously allowed physicists to understand why general relativity and various particle theories -- like the interactions of gluons inside of protons -- are mathematically inevitable: they are the only consistent mathematical structures, under certain criteria.

However, the same question had not previously been answered for string theory: What criteria uniquely determine it by mathematically picking it out from the set of all possible theories?

In the Physical Review Letters paper, the scientists discovered a way to bootstrap these string amplitudes -- specifically, constructing them through the creation of mathematical formulas. By implementing special mathematical conditions on their formulas for scattering amplitudes -- which describe how particles interact and ultimately form -- the group found that the amplitudes of string theory emerged as the only consistent answer.

"This paper provides an answer to this string-theory question for the first time," says Grant Remmen, a James Arthur Postdoctoral Fellow in NYU's Center for Cosmology and Particle Physics and one of the authors of the paper. "Now that these mathematical conditions are known, it brings us a step closer to understanding if and why string theory must describe our universe."

The paper's authors, who also included Clifford Cheung, a professor of theoretical physics at Caltech, and Aaron Hillman, a Caltech postdoctoral researcher, add that this breakthrough may be useful in better understanding quantum gravity -- it seeks to reconcile Einstein's theory of relativity, which explains large-scale gravity, with quantum mechanics, which describes particle activity at the smallest scales.

"This approach opens a new area of study in analyzing the uniqueness of string amplitudes," explains Remmen. "The development of tools outlined in our research can be used to investigate deformations of string theory, allowing us to map a space of possibilities for quantum gravity."

This research was supported by a grant from the US Department of Energy (DESC0011632).
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World Cup soccer is getting faster for men and women alike | ScienceDaily
If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study published in the International Journal of Performance Analysis in Sport.


						
Professor Kevin Norton from the School of Health Sciences at UNSW Sydney analysed broadcast footage of 12 FIFA World Cup finals -- 2014-2022 for men and 1991-2023 for women -- to assess trends in the game.

Prof. Norton reviewed historical video footage with the support of computer-based tracking technology to track and quantify patterns, using what is called a retrospective correlation design. The study built on Prof. Norton's previous analysis of men's World Cup soccer finals games from 1966-2010, so ultimately took in the broadcast footage of 15 men's FIFA World Cup finals (1966-2022) and 9 women's finals (1991-2023) to quantify changes over time in specific metrics of finals games.

"The study confirms what football fans are likely to have observed, and that is that football is evolving for both the men's and women's game," says Prof. Norton.

"You can see that successful approaches stick around and unsuccessful attributes tend to disappear," says Prof. Norton, who is an expert in the evolution of elite sports performance.

"Looking at the World Cup finals was a way to see what is bringing the most success in terms of the evolution of soccer. And both the men's and women's game are on a similar trajectory, at a very similar rate," he says.

Games were analysed as halves to determine trends within games, and extra time (played if the scores are tied at the end of World Cup finals) was not included in this analysis.




The study looked at three broad categories: 1) game 'structure' using indicators such as the number and duration of play and stop periods, 2) distances and speed of ball movement and 3) passing rates relative to play time and overall ball movement.

The study found that total stoppage time, ball speed and passing rates increased significantly for both men and women, with ball speed increasing faster for women than men as speeds have converged over the last decades.

Game structure

By measuring play and stop patterns within games, the study found that total play times for men and women have remained unchanged over time (at around 50 minutes per game). However, total game stoppage time -- during which the clock stops -- has shown progressive increases.

Women's play percentage decreased significantly across time from an average of 65% to 55% of total game time to match current men's finals games play percentages. And the duration of stoppages has increased for both men and women.

"The increased stoppage time is likely allowing for an elevated intensity of play due to the opportunity for physiological recovery during stoppages," explains Prof. Norton.




Ball movement

The distance the ball travels during a game showed no significant change over time for men, but it increased for women. The speed of ball movement, however, has increased significantly in both men's and women's games. The study noted that the ball speed in women's games increased at a greater rate than in men's games as the women's ball speed continues to converge with the men's.

Passing rates

Passing rates continue to increase for both men and women as skills and accuracy further advance. Higher passing rates require superior decision-making skills, stealth movements and rapid ball control.

Key findings

"Speed is increasingly an advantage in football, which means all teams are looking to sign up faster players, and in turn they need to be skilful while moving fast. Players need to be able to control the ball almost instantaneously in a dense environment now, which is a change you can see over time," says Prof. Norton.

"The increased speed also means players need the ability to make decisions quickly, along with being accurate and fast in passing," he says.

Observing that success in the World Cup is linked with increased speed, and skill at speed, means teams are likely to focus their talent development on players with these attributes.

"Similarly, training and development will evolve to look at how to support the higher physical demands on players, by ensuring energy supply, and strategies to prevent fatigue and injury," says Prof. Norton.

"If these trends continue, pace, power, rapid decision-making and the ability to pass the ball precisely at high speed will become even more important," he says.

The women's game

This is the first study that has measured Women's World Cup soccer finals, and the evolution of the game has not been documented across this period.

"There has been significant underrepresentation of female athletes in sports science and medicine publications in most sports," says Prof. Norton.

"One of the interesting findings of this study is that both games are on the same trajectory. The professionalisation of women's soccer has meant women are playing full-time, and the speed and style of the game is now resembling the speed and style of the men's game, showing that the model is successful, otherwise the teams wouldn't continue on that pathway," he says.

Study limitations

The study is based on 15 men's games played over a 56-year period and 9 women's games over a 32-year period. And although the World Cup finals represent competition at the pinnacle of soccer performance, it may not be representative of soccer evolution in general. Games can also vary depending on contexts such as weather conditions, team strategies such as time wasting, refereeing style, score-line, injury and substitution use.

"Despite these game-to-game influences, we can observe an evolution of the game, and measure it to confirm statistically significant trends," says Prof. Norton.

The future

"Modern games are all about playing in very close, high-density environments where players need to think quickly to skillfully move the ball through that traffic. That's the way it's going, but can the game ultimately get faster?" asks Prof. Norton.

As the game evolves, the skills of stars like Lionel Messi and Sam Kerr will become a benchmark rather than an exception.

Another consequence of increased intensity is the toll it takes on players' bodies.

"Playing at such intensity every game takes its toll on the body and is associated with higher injury incidence. Managing players through appropriate training loads, recovery strategies and rehabilitation programs will become even more critical," says Prof. Norton

And on a final practical note, says Prof. Norton: "Players who can succeed at the pinnacle of sport are rare and finding them will involve searching every corner of the world ... and they will be remunerated accordingly."
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How the body clock regulates inflammation | ScienceDaily
New research from RCSI University of Medicine and Health Sciences has explained how the body's internal clock influences the inflammatory process of the immune system. The findings describe how immune cells, called macrophages, work differently at various times of the day and could pave the way for time-targeted treatments for inflammatory diseases such as arthritis.


						
The researchers explored the link between the immune system and the body's circadian rhythms often referred to as the body clock. Macrophages, immune cells that detect and respond to harmful substances, are able to trigger inflammation as a defense mechanism by assembling large complexes known as inflammasomes. Inflammasomes could be compared to 'smoke detectors' that will then alert the immune system of danger.

Activation of an inflammasome called NLRP3 was not found to be constant throughout the day but was regulated by the body's 24-hour circadian clock. This daily rhythm determines when macrophages are most efficient at detecting threats and when their energy levels peak to mount a response. The research also highlights a key role for mitochondria, the cell's energy producers, in driving these daily changes in immune activity.

"When macrophages 'think' it's morning, their inflammasome activation is quicker and more robust," explained Professor Annie Curtis, Principal investigator for the study at RCSI School of Pharmacy and Biomolecular Sciences. "This means the immune response is heightened during the early part of the day, a time when we are awake and more likely to encounter environmental challenges, such as injuries or infections."

The study has significant implications for understanding and treating inflammatory diseases, such as arthritis, where overactive inflammasomes play a key role. Symptoms of such diseases often worsen in the morning, something this research may help explain.

"With these findings, there's potential to refine treatments for inflammatory conditions," said Dr James O'Siorain, lead author of the study. "For instance, new therapies targeting inflammasomes could be more effective if administered at specific times of the day when macrophage activity peaks."

'Time of day control of mitochondria regulates NLRP3 inflammasome activation in macrophages' is published in The FASEB Journal. The research was supported by funding from Taighde Eireann -- Research Ireland.
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Significant advancement made in engineering biology and clean energy | ScienceDaily
The University of Liverpool has reported a significant advancement in engineering biology and clean energy. A team of researchers has developed an innovative light-driven hybrid nanoreactor that merges natural efficiency with cutting-edge synthetic precision to produce hydrogen -- a clean and sustainable energy source.


						
Published in ACS Catalysis, the study demonstrates a pioneering approach to artificial photocatalysis, addressing a critical challenge in using solar energy for fuel production. While nature's photosynthetic systems have evolved for optimal sunlight utilisation, artificial systems have struggled to achieve comparable performance.

The hybrid nanoreactor is the product of a novel integration of biological and synthetic materials. It combines recombinant a-carboxysome shells -- natural microcompartments from bacteria -- with a microporous organic semiconductor. These carboxysome shells protect sensitive hydrogenase enzymes, which are highly effective at producing hydrogen but prone to deactivation by oxygen. Encapsulating these enzymes ensures sustained activity and efficiency.

Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering at the University of Liverpool has worked in collaboration with Professor Andy Cooper, from the Department of Chemistry and Director of the University's Materials Innovation Factory (MIF). Together, their teams synthesised a microporous organic semiconductor that acts as a light-harvesting antenna. This semiconductor absorbs visible light and transfers the resulting excitons to the biocatalyst, driving hydrogen production.

Professor Luning Liu said: "By mimicking the intricate structures and functions of natural photosynthesis, we've created a hybrid nanoreactor that combines the broad light absorption and exciton generation efficiency of synthetic materials with the catalytic power of biological enzymes. This synergy enables the production of hydrogen using light as the sole energy source."

This latest work has significant implications and has the potential to eliminate the reliance on expensive precious metals like platinum -- offering a cost-effective alternative to traditional synthetic photocatalysts while achieving comparable efficiency. This breakthrough not only paves the way for sustainable hydrogen production but also holds potential for broader biotechnological applications.

Professor Andy Cooper, Director of the Materials Innovation Factory concluded: "It's been fantastic to collaborate across University faculties to deliver these results. The study's exciting findings open doors to fabricating biomimetic nanoreactors with wide-ranging applications in clean energy and enzymatic engineering, contributing to a carbon-neutral future."
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Is fake meat good to eat? Processed plant-based meat alternatives linked to depression risk in vegetarians | ScienceDaily
There is mounting evidence suggesting that ultra processed foods (UPF) are bad for our health; but if you stick to a vegetarian diet, is that still the case? Plant-Based Meat Alternatives (PBMA) are considered to be ultra-processed foods and may be associated with similar harms.


						
In the first study of its kind, published in Food Frontiers, researchers from the University of Surrey found that vegetarians who consumed PBMAs had a 42% increased risk of depression compared to vegetarians who refrained from PBMAs.

The study, which was led by Hana Navratilova, analysed data from the UK Biobank and found no notable differences in intake of sodium, free sugar, total sugar, or saturated fatty acids between those vegetarians who ate PBMAs and those who did not. The researchers did find, however, that those who eat PBMAs had higher blood pressure and C-reactive protein (CRP) levels, a marker of inflammation, and lower levels of apolipoprotein A, a protein associated with HDL, a "good" cholesterol; PBMA consumption was, however, also linked to a reduced risk of irritable bowel syndrome (IBS) by 40%.

Professor Nophar Geifman, from the School of Health Sciences at the University of Surrey, and senior author of the study, said:

"The overall findings are reassuring, suggesting that plant-based meat alternatives may be a safe option when they are part of an overall balanced diet. However, the potential link between these types of food, inflammation and depression warrants further investigation."

The study presented some limitations due to the data collected, which was predominantly from a white population in the UK, and dietary information only being gathered at the beginning of the study, not accounting for potential changes over time.

Professor Anthony Whetton, co-author of the study from the School of Veterinary Medicine at the University of Surrey, said:

"Ultra-processed plant-based meat alternatives can be a useful way for people to transition to a vegetarian diet effectively, and that helps with sustainable agricultural practices. Further research, including longitudinal studies and trials with more diverse populations, is necessary to confirm these findings and the relationship between vegetarian foods and mood."
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String figures shed light on cultural connections and the roots of mathematical reasoning | ScienceDaily
New research suggests that the making of string figures, a globally documented practice, may point to shared cultural heritage stretching back millennia. The research offers a new way to investigate the evolution and distribution of cultural phenomena using mathematical methods.


						
A collaborative study between the University of Helsinki, Aarhus University, the National Museum of Denmark and Seattle University examined the cognitive, cultural and historical significance of traditional string figures. String figure games involve the manipulation of a loop of string with the fingers to create complex patterns. The study explored whether certain string figures evolved independently in different parts of the world or share a common ancestry.

The researchers analysed 826 string figures from 92 cultures around the world. They found 83 recurring designs. The results show that certain figures are globally prevalent. In certain cases, this suggests ancient cultural origins potentially extending back millennia.

"Strikingly similar string figuress appear in, for example, the North American Arctic cultures or in the Pacific region. These are examples of how people have transmitted traditional string figures through migration and contact over centuries or even millennia. We also noted that some figures appear only in restricted regions, which may indicate both isolation and local innovation," explains Postdoctoral Researcher Roope Kaaronen of the Faculty of Biological and Environmental Sciences.

Combinations of arts, crafts, play, storytelling and mathematical reasoning

String figures are a tangible example of cultural artifacts that combine art, crafts, play, storytelling and mathematical reasoning. Such traditions shared across humanity may help in understanding human creativity, cognitive evolution and the origins of mathematical thinking.

"String figures demonstrate the human drive to seek and develop cognitively challenging forms of entertainment, such as more recent games like chess or sudoku," says Kaaronen.




A 'family tree' of string figures

The researchers applied mathematical knot theory to develop a computational method to create a DNA-like symbolic representation of each string figure. This enables the cross-cultural comparison of string figures and the construction of their "family tree."

The method also enables the study of the evolution of numerous other early human technologies, which may help archaeologists and anthropologists investigate cultural heritage in a novel way.

"The analysis methods we developed can be extended to the quantitative study and cross-cultural comparison of other objects made of string, cord, thread or rope, such as knots, fishing nets and textiles. Digital methods and computational tools allow us to preserve and understand this cultural heritage better and to ensure its transmission to future generations," summarises Kaaronen.
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The longevity factor Foxo3 mediates 'unfit' cell elimination to ensure healthy body construction | ScienceDaily
From the very moment an egg is fertilized, life begins with a remarkable process: cells start dividing and replicating to make copies of themselves. Yet this process is not flawless. Errors can occur when genetic material is copied, creating "unfit" cells that don't work properly. To keep development on track, cells employ a fascinating quality control system called cell competition. However, much about this mechanism remains unclear.


						
Now, in a study recently published in Nature Communications, Japanese researchers have uncovered the key mechanisms behind physiological cell competition and developmental robustness using an elegant series of experiments in zebrafish.

The research team from Osaka University used zebrafish to visualize the specific cell patterns of spinal cord and muscle tissue. By blocking or inhibiting apoptosis -- a type of programmed cell death -- they discovered altered cell patterns in these tissues.

"As expected, when we blocked apoptosis during zebrafish development, we observed abnormal patterns in the spinal cord and muscle," says lead author of the study Kanako Matsumoto. "This finding emphasized the importance of apoptosis for eliminating unfit cells via cell competition, but it also raised a crucial question: how are these unfit cells sensed and removed?"

To uncover the answer, the team focused on a protein known as Sonic hedgehog (Shh), which has a clear activity gradient in developing zebrafish tissue. Through sophisticated imaging techniques, the researchers found that cells with abnormal Shh activity levels for their location displayed high levels of apoptotic markers. Furthermore, when apoptosis was blocked, these unfit cells became more abundant, disrupting the Shh gradient. Together, these results suggested that unfit cells with abnormal Shh activity undergo cell death. This begged another question: how do cells communicate their Shh activity levels to one another?

The team discovered that N-cadherin, a membrane protein, enables neighboring cells to sense and respond to cells with abnormal Shh activity, and that the removal of unfit cells occurs via a specific pathway -- the Smad/Foxo3/reactive oxygen species/Bcl2 pathway.

This discovery led to the identification of Foxo3, a protein previously linked to longevity, as a mediator of cell competition. Cell competition can eliminate various unfit cells, including those with abnormal Wnt, Shh, or oncogenic Ras signaling, or those with low pluripotency, abnormal ribosomes, or mitochondrial defects. However, the roles and mechanisms of endogenous cell competition during organogenesis remain unclear. Numerous factors drive cell competition. The researchers therefore wondered: are there any universal machineries regulating the diverse types of cell competition?

"Foxo3 is a common mediator of unfit cell elimination in various types of cell competition in zebrafish and mice, and Foxo3-mediated physiological cell competition is required to eliminate naturally generated unfit cells and for the consequent precise development of embryonic, spinal cord, and muscle tissues," says Tohru Ishitani, senior author of the study.

Genetic variations in Foxo3 are associated with longevity, whereas low Foxo3 activity is associated with age-related diseases. Foxo3 may also sustain the robustness of tissue homeostasis through cell competition, and reduced Foxo3 activity would thus lead to the accumulation of unfit cells. This poses significant risks not only in disorders of development but also in cancer initiation and aging. Conversely, understanding how cell competition eliminates unfit cells may offer exciting possibilities for new treatments that combat congenital disorders, cancer, age-related diseases, and aging, potentially improving health and longevity.

Interestingly, Foxo3 expression was detected in unfit cells in both zebrafish and mice, pointing to its potential role as a universal marker of cell competition. As co-lead author Yuki Akieda concludes, "This new marker would allow us to precisely detect naturally generated unfit cells, thereby helping us to understand the importance of physiological cell competition and elucidate the causes of 'abnormality' of unfit cells."
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Physics: Current generated by the quantum Hall effect has additional magnetic properties | ScienceDaily
The quantum Hall effect, a fundamental effect in quantum mechanics, not only generates an electric but also a magnetic current. It arises from the motion of electrons on an orbit around the nuclei of atoms. This has been demonstrated by the calculations of a team from Martin Luther University Halle-Wittenberg (MLU) which were published in the journal "Physical Review Letters."  These results can potentially be used to develop new types of inexpensive and energy-efficient devices.


						
Electricity flows through all types of electronic devices, be it mobile phones or computers. However, this generates heat, which means that energy is lost. It also means that conventional computer chips cannot be infinitely scaled down. In the field of spin-orbitronics, researchers are looking for alternatives for storing and processing information without the loss of energy. The basic idea is to utilise not only an electron's charge, but also its spin and orbital moment when processing information. Spin is the intrinsic angular momentum of an electron, and the orbital moment arises from the motion of the electrons around atomic nuclei. "Combining both effects would allow us to design new devices that are more powerful and efficient," says physicist Professor Ingrid Mertig at MLU.

The basis for the new study is the quantum Hall effect. Klaus von Klitzing received the Nobel Prize in Physics in 1985 for its detection. The effect is observed when electrons are subjected to a very strong magnetic field at extremely low temperatures. "The quantum Hall effect is special because the electric currents that are generated only flow at the edges of a sample. Furthermore, the associated electrical resistance can only take on specific values," explains Dr Borge Gobel. Even though scientists have been aware of the effect for several decades, the team's calculations have provided a new insight: the edge currents also have magnetic properties due to the orbital moment of the electrons. "In the future, they could be used to transport additional information and to operate electrical devices more efficiently," says Gobel. Remarkably, the new effect occurs in addition to the quantum Hall effect and is not tied to rare and expensive materials, as is often the case in spintronics.

Gobel and Mertig are already continuing their research as part of the international research project "Orbital Engineering for Innovative Electronics" (Obelix), which is funded by the European Innovation Council's "Pathfinder" programme. The goal is to find new, marketable technologies. To this end, Mertig and Gobel are collaborating with research institutions in Germany, France and Sweden.

Mertig and Gobel are also contributing their expertise in the field of spin-orbitronics by participating in the planned "Center for Chiral Electronics" for which MLU is applying for Excellence Strategy funding together with the Freie Universitat Berlin and the University of Regensburg. The Max Planck Institute of Microstructure Physics in Halle is also involved.
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The physics of random stacking: Perspectives on stability and chaos | ScienceDaily
Pile up blocks until the tower collapses. But why does the tower always end up collapsing? Is it possible that it can be built ad infinitum? A study published in the International Journal of Solids and Structures explores the fascinating and complex dynamics of the stacking of blocks subjected to hazards. Carried out by Vincent Denoel, an engineer at the University of Liege, this research looks at the stochastic stability of stacks, providing crucial insights for engineering, construction and materials science.


						
Imagine a tower of kaplas with each block slightly out of alignment. As the tower rises, the misalignment increases until an inevitable breaking point is reached, a situation familiar to all kapla fans. This simple phenomenon, which echoes the games of our childhood, raises a question of stability: how high can the blocks be stacked before the structure collapses? Vincent Denoel, an engineer in the SSD (Structural & Stochastic Dynamics) laboratory at the University of Liege, set out to gain a better understanding of these failures in order to develop a statistical model that could accurately predict the critical height and failure points by looking at a random stacking of blocks in a configuration where each block is slightly misaligned. So how do small positioning errors when stacking blocks influence the overall stability of the stack?

Modelled as Gaussian random variables, these errors lead to progressive misalignments that inevitably lead to collapse," explains the researcher. This problem goes beyond the simple child's game of stacking objects; it is a scientific challenge with major implications. From the construction of dry masonry walls to the optimisation of automated storage systems, understanding the probabilistic nature of these collapses can improve safety and efficiency in a variety of fields."

Vincent Denoel has modelled this as a 'first-pass problem', a probabilistic approach to analysing the conditions leading to system failure. "As blocks are added, random misalignments gradually modify the stack's centre of gravity. When this exceeds a critical limit, the stack collapses." This approach revealed two main areas of vulnerability: the base of the stack, where cumulative errors become unsustainable, and an intermediate zone, where hidden instabilities accumulate insidiously.

The maximum height of a pile before it collapses is inversely proportional to the square of the amplitude of the positioning errors. Thus, small errors allow much greater heights to be reached, while larger errors lead to rapid collapse. Monte Carlo simulations, used to validate the theoretical model, were used to visualise the behaviour of the piles. These simulations confirmed the bimodal nature of the failure points, for a given drop height, and highlighted the distribution of weak interfaces within the piles.

This research is not limited to abstract modelling. It has many practical applications. In construction, for example, the results may help to design more stable structures, even in the presence of small imperfections. In automated warehouses, where precise stacking of goods is essential, the probabilistic models resulting from this study could reduce the risk of collapse. Furthermore, in emerging fields such as nanotechnology, where precision is crucial, this study could inspire new strategies for optimising the arrangement of layers of material deposited on a microscopic scale.

Beyond its practical implications, this study illustrates how an apparently trivial question can lead to fundamental discoveries. By combining tools from mechanics, system dynamics and probability theory, the research opens up new perspectives on the interactions between randomness and stability. It also highlights a universal lesson: unpredictability, when properly understood, can be harnessed to produce more robust systems.

This study sheds new light on the stability of random structures. It not only provides tools to predict and prevent collapse, but also shows how imperfect systems can be optimised through a better understanding of their intrinsic dynamics. This work provides a bridge between scientific curiosity and practical application, demonstrating once again that even seemingly simple questions can lead to major breakthroughs.
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Event Horizon Telescope: Moving towards a close-up of a black hole and its jets | ScienceDaily
After taking the first images of black holes, the ground-breaking Event Horizon Telescope (EHT) is poised to reveal how black holes launch powerful jets into space. Now, a research team led by Anne-Kathrin Baczko from Chalmers University of Technology in Sweden has shown that the EHT will be able to make exciting images of a supermassive black hole and its jets in the galaxy NGC 1052. The measurements, made with interconnected radio telescopes, also confirm strong magnetic fields close to the black hole's edge.


						
The main research question for the project's scientists was how do supermassive black holes launch galaxy-size streams of high-energy particles -- known as jets -- into space at almost light-speed? Now, scientists have taken an important step towards being able to answer this question, with intricate measurements of the centre of the galaxy NGC 1052, at a distance of 60 million light years from Earth.

The scientists made coordinated measurements using several radio telescopes, providing new insights into the workings of a galaxy and its supermassive black hole. The results are reported in a paper published in the scientific journal Astronomy & Astrophysics on 17 December 2024.

A promising yet challenging target 

The work has been led by Anne-Kathrin Baczko, astronomer at Onsala Space Observatory, Chalmers University of Technology.

"The centre of this galaxy, NGC 1052, is a promising target for imaging with the Event Horizon Telescope, but it's faint, complex and more challenging than all other sources we've attempted so far," says Anne-Kathrin Baczko.

The galaxy has a supermassive black hole that is the source of two powerful jets which stretch thousands of light years outwards through space.




"We want to investigate not just the black hole itself, but also the origins of the jets which stream out from the east and west sides of the black hole as seen from Earth," says Eduardo Ros, team member and astronomer at the Max Planck Institute for Radio Astronomy in Bonn, Germany.

The team made measurements using just five of the telescopes in the EHT's global network -- including ALMA (the Atacama Large Millimeter/submillimeter Array) in Chile, in a configuration that would allow the best possible estimate of its potential for future observations, and supplemented with measurements from other telescopes.

"For such a faint and unknown target, we were not sure if we would get any data at all. But the strategy worked, thanks in particular to the sensitivity of ALMA and complementary data from many other telescopes," says Anne-Kathrin Baczko.

Measurements show successful imaging possible in the future 
    	The scientists are now convinced that successful imaging will be possible in the future, thanks to two new key pieces of information: The black hole's surroundings shine brightly at just the right frequency of radio waves to be sure that they can be measured by the EHT.

    	The size of the region where the jets are formed is similar in size to the ring of M 87* -- easily big enough to be imaged with the EHT at full strength.

From their measurements, the scientists have also estimated the strength of the magnetic field close to the black hole's event horizon. The field strength, 2.6 tesla, is about 40,000 times stronger than the Earth's magnetic field. That's consistent with previous estimates for this galaxy.

"This is such a powerful magnetic field that we think it can probably stop material from falling into the black hole. That in turn can help to launch the galaxy's two jets," says Matthias Kadler.




Even though the source is as challenging as this, the future looks bright as radio astronomers prepare for new generations of telescope networks, like the NRAO's ngVLA (next generation Very Large Array) and the ngEHT (The next generation Event Horizon Telescope).

"Our measurements give us a clearer idea of how the innermost centre of the galaxy shines at different wavelengths. Its spectrum is bright at wavelengths around one millimetre, where we can make the very sharpest images today. It's even brighter at slightly longer wavelengths, which makes it a prime target for the next generation of radio telescopes," says team member Matthias Kadler, astronomer at the University of Wurzburg in Germany.

More about the research 

The research paper, The putative center in NGC 1052, by Anne-Kathrin Baczko (Chalmers University of Technolgy, Sweden) and 286 co-authors, is published in the journal Astronomy & Astrophysics. The research team also includes Chalmers scientists John Conway and Michael Lindqvist (both Onsala Space Observatory) and Chiara Ceccobello (now at AI Sweden).

The measurements were made by five telescopes in the EHT network: ALMA (the Atacama Large Millimeter/submillimeter Array) in Chile, the IRAM 30-metre telescope in Spain; the James Clerk Maxwell Telescope (JCMT) and the Submillimeter Array (SMA) in Hawaii; and the South Pole Telescope (SPT) in Antarctica. These were supplemented with measurements from 14 other radio telescopes in the GMVA network (Global Millimetre VLBI Array), in Spain, Finland and Germany, including the 20-metre telescope at Onsala Space Observatory, Sweden, and the telescopes of the VLBA (Very Long Baseline Array) in the US.

The EHT Collaboration involves more than 400 researchers from Africa, Asia, Europe, North and South America. The international collaboration aims to capture the most detailed black hole images ever obtained by creating a virtual Earth-sized telescope.
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        Massive volcanic eruptions did not cause the extinction of dinosaurs
        While volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite, the ultimate cause of the dinosaur extinction event, impacted.

      

      
        New evidence on the relationship between moderate wine consumption and cardiovascular health
        Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicenter study. The study is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.

      

      
        Lost score revives sound of music and voices from centuries past
        A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago. Scholars have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century. Researchers say the tantalizing discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survi...

      

      
        Carnivorous squirrels documented in California
        California ground squirrels hunt, kill and eat voles, reveals a new study documenting evidence of widespread carnivorous behavior among squirrels.

      

      
        Supermassive black holes halt rapid construction in an ancient celestial city
        Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.

      

      
        Microplastics in the air may be leading to lung and colon cancers
        Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that researchers suspect may be causing respiratory and other illnesses.

      

      
        Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid
        Scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaurs. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

      

      
        Survey of 26,000 dead stars confirms key details of extreme stellar behavior
        A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.

      

      
        Massive black hole in the early universe spotted taking a 'nap' after overeating
        Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food. Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

      

      
        Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles
        Scientists have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size. The findings suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

      

      
        Syphilis had its roots in the Americas
        A research team has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.

      

      
        A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age
        Scientists propose a 'remelting' of the Moon's surface 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating.

      

      
        Thorium film could replace crystals in atomic clocks of the near future
        Atomic clocks that excite the nucleus of thorium-229 embedded in a transparent crystal when hit by a laser beam could yield the most accurate measurements ever of time and gravity, and even rewrite some of the fundamental laws of physics. Thorium-229-doped crystals are both scarce and radioactive. A thin film using a dry precursor of thorium-229 shows the same nuclear excitation as the crystal, but its low cost and radioactivity, and smaller size mean its production could be more easily scaled up...

      

      
        How to print a car: High-performance multi-material 3D printing techniques
        A future where lightweight car parts can be made with a 3D printer is here, thanks to multi-material additive manufacturing research.

      

      
        Prehistoric rock in Japan reveals clues to major ocean anoxic event
        Researchers analyzed radioisotopes in layers of fossilized volcanic ash. Decay of uranium to lead within tiny crystals enabled scientists to precisely pinpoint dates for certain events. They determined this event occurred 119.5 million years ago -- coincident with evidence for massive volcanic eruptions -- and lasted for 1.1 million years. Study results help scientists better understand links between atmospheric CO2 levels, climate changes and conditions in the oceans.

      

      
        Physicists 'bootstrap' validity of string theory
        String theory remains elusive as a 'provable' phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its 'inevitability.'

      

      
        New discovery by scientists redefines magnetism
        Step into a world so tiny, it defies imagination -- the nanoscale. Picture a single strand of hair, now shrink it a million times. You've arrived. Here, atoms and molecules are the architects of reality, building properties and phenomena that challenge everything we thought we knew -- until now. Researchers have now unlocked a stunning discovery on this invisible frontier: a brand-new type of quasiparticle in all magnetic materials, no matter their strength or temperature. This groundbreaking fin...

      

      
        Binary star found near our galaxy's supermassive black hole
        An international team of researchers has detected a binary star orbiting close to Sagittarius A*, the supermassive black hole at the centre of our galaxy. It is the first time a stellar pair has been found in the vicinity of a supermassive black hole. The discovery helps us understand how stars survive in environments with extreme gravity, and could pave the way for the detection of planets close to Sagittarius A*.

      

      
        Study finds lower rates of death from Alzheimer's disease among taxi and ambulance drivers
        A new study raises the possibility that jobs that require frequent spatial processing -- such as figuring out a taxi route or the best way to navigate to a hospital -- could lead to lower rates of death from Alzheimer's disease. Researchers investigated this possibility by using national data on the occupations of people who had died to evaluate risk of death from Alzheimer's disease across 443 professions. They found that taxi driving and ambulance driving were associated with a lower rate of de...

      

      
        Naughty or Nice? Many parents rely on threats to manage misbehavior -- from no dessert to no Santa
        When young children's behavior becomes challenging, many parents resort to threats -- from taking away toys to threatening that Santa will skip their house, a national poll suggests.

      

      
        Does the exoplanet Trappist-1 b have an atmosphere after all?
        Recent measurements with the James Webb Space Telescope (JWST) cast doubt on the current understanding of the exoplanet Trappist-1 b's nature. Until now, it was assumed to be a dark rocky planet without an atmosphere, shaped by a billion-year-long cosmic impact of radiation and meteorites. The opposite appears to be true. The surface shows no signs of weathering, which could indicate geological activity such as volcanism and plate tectonics. Alternatively, a planet with a hazy atmosphere composed...

      

      
        Butchered bones suggest violent 'othering' of enemies in Bronze Age Britain
        Analysis of the remains of at least 37 individuals from Early Bronze Age England finds they were killed, butchered, and probably consumed before being thrown down a 15m-deep shaft. It is the largest-scale example of interpersonal violence from British prehistory. The treatment of the remains was likely a means to dehumanize or 'other' the victims. This massacre was probably revenge for a perceived offense, implying a cycle of violence and questioning the idea that Early Bronze Age Britain was rel...

      

      
        Astrophysicists capture astonishing images of gamma-ray flare from supermassive black hole M87
        The galaxy M87, located in the Virgo constellation, provided the first-ever photo of a black hole in 2019, when the Event Horizon Telescope captured an image of the supermassive black hole at the galaxy's center. An international research team has now observed a teraelectronvolt gamma-ray flare seven orders of magnitude -- tens of millions of times -- larger than the event horizon, or surface of the black hole itself. A flare of this intensity -- which has not been observed in over a decade -- ca...

      

      
        New device produces critical fertilizer ingredient from thin air, cutting carbon emissions
        A new prototype device demonstrates an innovative approach to producing ammonia -- a key component of fertilizer -- that could transform an industry responsible for about one-third of global greenhouse gas emissions.

      

      
        Heart of Jovian moon's volcanic rage
        A new study points to why, and how, Io became the most volcanic body in the solar system.

      

      
        Planets form through domino effect
        New radio astronomy observations of a planetary system in the process of forming show that once the first planets form close to the central star, these planets can help shepherd the material to form new planets farther out. In this way each planet helps to form the next, like a line of falling dominos each triggering the next in turn.

      

      
        Study sheds light on the origin of the genetic code
        Nearly all living organisms use the same genetic code, a complicated mechanism by which genetic information is translated into proteins, the building blocks of life. A new study suggests conventional wisdom about how the code evolved is likely flawed.

      

      
        Overfishing has halved shark and ray populations since 1970
        A new analysis reveals that overfishing has caused populations of chondrichthyan fishes -- sharks, rays, and chimaeras -- to decline by more than 50 per cent since 1970. To determine the consequences, a team of researchers developed an aquatic Red List Index (RLI) which shows that the risk of extinction for chondrichthyan has increased by 19 per cent. The study also highlights that the overfishing of the largest species in nearshore and pelagic habitats could eliminate up to 22 per cent of ecolog...

      

      
        New chemical structures show vastly improved carbon capture ability
        Researchers have synthesized new molecules able to quickly capture significant amounts of carbon dioxide from the air, an important tactic in climate change mitigation.

      

      
        A dial for tuning the immune system: Discovery sheds light on why COVID makes some sicker than others
        Researchers have discovered a protein variant that serves as a knob for regulating the body's innate immune response. The findings could lead to new therapies for Long COVID, autoimmune disorders, and more.

      

      
        How the dirt under our feet could affect human health
        Researchers are linking human activity to increased gene transfer from soil bacteria to humans.

      

      
        Breakthrough brings body-heat powered wearable devices closer to reality
        A research team has developed an ultra-thin, flexible film that could power next-generation wearable devices using body heat, eliminating the need for batteries.

      

      
        Barn swallow research offers real-time insight on how new species form
        In a new study, scientists describe how different traits used to choose mates in barn swallow populations are driving the bird to diverge, which could eventually lead to the formation of new species.

      

      
        Superflares once per century
        Stars similar to the Sun produce a gigantic outburst of radiation on average about once every hundred years per star. Such superflares release more energy than a trillion hydrogen bombs and make all previously recorded solar flares pale in comparison. This estimate is based on an inventory of 56450 sun-like stars. It shows that previous studies have significantly underestimated the eruptive potential of these stars. In data from NASA's space telescope Kepler, superflaring, sun-like stars can be f...

      

      
        A new timeline for Neanderthal interbreeding with modern humans
        Neanderthal genes make up 1-2% of the genomes of non-Africans. Scientists analyzed the lengths of regions of Neanderthal DNA in 58 ancient Eurasian genomes of early modern humans and determined that the introgressed genes result from interbreeding between Homo sapiens and Neanderthals about 47,000 years ago, over a single, extended period of about 7,000 years. The findings help pin down dates for out-of-Africa migration and the dispersal of Homo sapiens.

      

      
        Oldest modern human genomes sequenced
        Few genomes have been sequenced from early modern humans, who first arrived in Europe when the region was already inhabited by Neanderthals. An international team has now sequenced the oldest modern human genomes to date. The genomes were recovered from seven individuals who lived between 42,000 and 49,000 years ago in Ranis, Germany and Zlaty kun, Czechia. These genomes belonged to individuals who were part of a small, closely related human group that first split off from the population that lef...

      

      
        Surveys show full scale of massive die-off of common murres following the 'warm blob' in the Pacific Ocean
        Colony surveys of common murres, an Alaskan seabird, show the full effects of the 2014-16 marine heat wave known as 'the blob.' Analysis of 13 colonies surveyed between 2008 and 2022 finds that colony size in the Gulf of Alaska dropped by half after the marine heat wave. In colonies along the eastern Bering Sea, west of the peninsula, the decline was even steeper, at 75% loss. No recovery has yet been seen, the authors write.

      

      
        Floods, insufficient water, sinking river deltas: Hydrologists map changing river landscapes across the globe
        A new study has mapped 35 years of river changes on a global scale. The work has revealed significant effects on both downstream (44% decrease in water flow) and upstream (17% flow increase) rivers, including flooding, ecosystem disruption, hydropower development interference and insufficient fresh water supplies.
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Massive volcanic eruptions did not cause the extinction of dinosaurs | ScienceDaily
Massive volcanic eruptions on the Indian peninsula have long been proposed as an alternative cause for the demise of the dinosaurs. This phase of active volcanism took place in a period just before the Earth was struck by a meteorite, 66 million years ago. The effect of these volcanic eruptions on the Earth's climate has been topic of fierce scientific debates for decades. Now, climate scientists from Utrecht University and the University of Manchester show that, while the volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite impacted. The scientists therefore conclude that the meteorite impact was the ultimate cause of the dinosaur extinction event.


						
What killed off the dinosaurs -- was it the Chicxulub meteorite or did the effects of massive volcanism also play a role? Many modern children's books on the history of dinosaurs include speculation on these two competing ideas.

The meteorite impact in the Gulf of Mexico roughly 66 million years ago is well researched and widely known as the defining end of the dinosaur age. But earth scientists have fiercely debated for decades whether a massive outpouring of lava on the Indian continent, which occurred both prior to and after the meteorite impact, also contributed to the demise of dinosaur populations roaming the Earth. These volcanic eruptions released vast amounts of CO2, dust, and sulphur, thereby significantly altering the climate on earth -- but in different ways and on different timescales to a meteorite impact.

Ancient peats

A new publication in the scientific journal Science Advances by climate scientists from Utrecht University and the University of Manchester now provides compelling evidence that while the volcanic eruptions in India had a clear impact on global climate, they likely had little to no effect on the mass extinction of the dinosaurs.

By analysing fossil molecules in ancient peats from the United States of America, the scientific team reconstructed air temperatures for the time period covering both the volcanic eruptions and the meteorite impact. Using this method, the researchers show that a major volcanic eruption occurred about 30,000 years before the meteor impact, coinciding with at least a 5deg Celsius cooling of the climate. They also conclude that this cooling was likely the result of volcanic sulphur emissions blocking sunlight from reaching the Earth's surface.

Importantly, the scientists discovered that by around 20,000 years before the meteorite impact, temperatures on Earth had already stabilised and had climbed back to similar temperatures before the volcanic eruptions started. This period of global warming was likely aided by volcanic CO2 emissions, says Lauren O'Connor at Utrecht University: "These volcanic eruptions and associated CO2 and sulphur release would have had drastic consequences for life on earth. But these events happened millennia before the meteorite impact and probably played only a small part in the extinction of dinosaurs."

Impact winter




With the effects of volcanism practically ruled out, this would leave the Chicxulub meteorite impact as the primary cause of the dinosaur mass extinction. "By comparison, the impact from the asteroid unleashed a chain of disasters, including wildfires, earthquakes, tsunamis, and an 'impact winter' that blocked sunlight and devastated ecosystems. We believe the asteroid that ultimately delivered the fatal blow," says Rhodri Jerrett at the University of Manchester.

The fossil peats that the researchers analysed contain specific membrane-spanning molecules produced by bacteria. The structure of these molecules changes depending on the temperature of their environment. By analysing the composition of these molecules preserved in ancient sediments, scientists are able to calculate past temperatures. O'Connor adds: "This way, we were able to create a detailed 'temperature timeline' for the years leading up to the dinosaur extinction, which we can compare to the fossil record to understand the relative timing of events.."

The researchers from Utrecht University, the University of Manchester, Plymouth University, and the Denver Museum of Nature & Science, are now applying the same approach to reconstruct past climate at other critical periods in Earth's history.
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New evidence on the relationship between moderate wine consumption and cardiovascular health | ScienceDaily
Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicentre study led by researchers from the University of Barcelona, the Hospital Clinic and the August Pi i Sunyer Biomedical Research Institute (IDIBAPS), the Physiopathology of Obesity and Nutrition Networking Biomedical Research Centre (CIBEROBN) and the University of Navarra (UNAV). The study, published in the European Heart Journal, is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.


						
According to the researchers, "there is no doubt that excessive alcohol consumption has serious health consequences. However, the effects of moderate and responsible wine consumption are still the subject of debate in the scientific community. The results of this study and others should help to place moderate wine consumption in its rightful place as an element of the Mediterranean diet, considered to be the healthiest in the world."        

The principal authors of the study are the researcher Ines Dominguez, from the UB's Faculty of Pharmacy and Food Sciences and the Nutrition and Food Safety Research Institute (INSA); Professor Ramon Estruch, from the UB's Faculty of Medicine and Health Sciences and IDIBAPS; Rosa Maria Lamuela, professor and ICREA Academia, and member of INSA, and Professor Miguel Angel Martinez, from the University of Navarra (UNAV); all members of CIBEROBN.

       Controversy over the effects of wine

Today, there is much controversy about the health effects of moderate consumption of alcoholic beverages in general and wine in particular. Ramon Estruch stresses that "part of this debate is due to conflicting results of studies that have pointed to a protective effect of wine, while others have found no such effect." These differences could be explained by possible errors in wine consumption records. "Epidemiological studies assessing the role of wine in the rate of cardiovascular events are often based on self-reported information on wine consumption. These are reliable data, but subject to measurement errors due to inaccurate recall or biased perceptions about the social desirability of drinking alcoholic beverages," he explains. In response to this problem, the researchers in this study measured wine consumption by means of food intake frequency surveys, which they confirmed with an objective biomarker: the concentration found in urine of tartaric acid, a molecule produced mainly in grapes and rarely synthesized by other plant species.

While excessive alcohol consumption has serious health consequences, a new multicentre study provides new evidence that drinking between half a glass of wine and a full glass of wine a day could help reduce the risk of heart problems.

A reduction from 38% to 50%

Using this methodology, the study analysed wine consumption and cardiovascular outcomes in a cohort of PREDIMED patients. In total, 1,232 participants were evaluated, including 685 who had a cardiovascular event (cardiovascular death, myocardial infarction, stroke or heart failure) and 625 who were randomly selected.




Analysis of the data shows that light wine consumption (between one glass per week and less than half a glass per day) reduces the risk of having a cardiovascular complication by 38%, but this reduction reaches 50% when consumption is moderate (between half a glass and one glass per day). However, when consumption exceeds one drink per day, the protective effect disappears. The researchers also warn that "when we talk about moderate wine consumption, it is always with meals, never between meals."

More studies to confirm the results        

Despite these conclusions, Ines Dominguez points out that "the observational design of the study limits the ability to establish causality," and the experts point out that more research is needed: "The results of cohort studies should always be confirmed for greater certainty." In this regard, they point to two potential avenues for action. The first would involve the design of randomized nutritional intervention studies, by randomly assigning participants to groups with different wine consumption. "These are very expensive studies to conduct. There is one underway now, but the results will still take four to five years," they add. The second would be to study the mechanisms of these protective effects of wine on the cardiovascular system, such as research on the anti-inflammatory power of wine polyphenols -- such as resveratrol and other phenolic compounds. "Knowing the mechanisms gives a lot of plausibility to the results of epidemiological cohort studies," they conclude.    




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241218132207.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Lost score revives sound of music and voices from centuries past | ScienceDaily
A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago.


						
Scholars from Edinburgh College of Art and KU Leuven in Belgium have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century.

Researchers say the tantalising discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survives from the northeast of Scotland from this period.

The scholars made the discovery in a copy of The Aberdeen Breviary of 1510, a collection of prayers, hymns, psalms and readings used for daily worship in Scotland, including detailed writings on the lives of Scottish saints. Known as the 'Glamis copy' as it was formerly held in Glamis Castle in Angus, it is now in the National Library of Scotland in Edinburgh.

Despite the musical score having no text, title or attribution, researchers have identified it as a unique musical harmonisation of Cultor Dei, a night-time hymn sung during the season of Lent.

The Aberdeen Breviary came from an initiative by King James IV who issued a Royal Patent to print books containing orders of service in accordance with Scottish religious practices, rather than needing to rely on importing texts from England or Europe.

The researchers say the composition is from the Aberdeenshire region, with probable links to St Mary's Chapel, Rattray -- in Scotland's far northeastern corner -- and to Aberdeen Cathedral.




The discovery was made as researchers examined numerous handwritten annotations in the margins of the Glamis copy.

Of primary interest to the scholars was a fragment of music -- spread over two lines, the second of which is approximately half the length of the first -- on a blank page in a section of the book dedicated to Matins, an early morning service.

The presence of the music was a puzzle for the team. It was not part of the original printed book, yet it was written on a page bound into structure of the book, not slipped in at a later date, which suggests that the writer wanted to keep the music and the book together.

In the absence of any textual annotations on the page it was not clear whether the music was sacred, secular or even for voices at all, the researchers say.

After investigation they deduced it was polyphonic -- when two or more lines of independent melody are sung or played at the same time. Sources from the time say this technique was common in Scottish religious institutions, however very few examples have survived to the present day.

Looking closer, one of the team members realised that the music was a perfect fit with a Gregorian chant melody, specifically that it was the tenor part from a faburden, a three- or four-voice musical harmonization, on the hymn Cultor Dei.




David Coney, of Edinburgh College of Art, who discovered the identity of the music, said: "Identifying a piece of music is a real 'Eureka' moment for musicologists. Better still, the fact that our tenor part is a harmony to a well-known melody means we can reconstruct the other missing parts. As a result, from just one line of music scrawled on a blank page, we can hear a hymn that had lain silent for nearly five centuries, a small but precious artefact of Scotland's musical and religious traditions."

As well as uncovering lost sounds within its pages, researchers have also traced how the Aberdeen Breviary may have been used, and by whom, over its long history. At one time used as the private service-book of the illegitimate son of a high-ranking chaplain at Aberdeen Cathedral, himself a rural priest, it would later become a treasured family heirloom of a Scottish Catholic whose travels led him from post-Reformation Scotland to the capitals of the Habsburg and Ottoman Empires.

Lead author, Dr Paul Newton-Jackson, of KU Leuven, said: "The conclusions we have been able to draw from this fragment underscore the crucial role of marginalia as a source of new insights into musical culture where little notated material survived. It may well be that further discoveries, musical or otherwise, still lie in wait in the blank pages and margins of other sixteenth century printed books held in Scotland's libraries and archives."

In 2023, Dr Newton-Jackson was also a post-doctoral fellow at the University of Edinburgh's Institute for Advanced Studies in the Humanities.

Dr James Cook, of Edinburgh College of Art, said: "For a long time, it was thought that pre-Reformation Scotland was a barren wasteland when it comes to sacred music. Our work demonstrates that, despite the upheavals of the Reformation which destroyed much of the more obvious evidence of it, there was a strong tradition of high-quality music-making in Scotland's cathedrals, churches and chapels, just as anywhere else in Europe."

The study is published in the Journal Music and Letters.
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Carnivorous squirrels documented in California | ScienceDaily
A ground squirrel with cheeks stuffed with nuts, seeds or grains, is a common sight. But a new study provides the first evidence that California ground squirrels also hunt, kill and eat voles. The study, led by the University of Wisconsin-Eau Claire and University of California, Davis, is the first to chronicle widespread carnivorous behavior among squirrels.


						
Published in the Journal of Ethology, the study fundamentally changes our understanding of ground squirrels. It suggests that what was considered a granivorous species actually is an opportunistic omnivore and more flexible in its diet than was assumed.

The observations occurred in 2024 -- the 12th year of the Long-term Behavioral Ecology of California Ground Squirrels Project conducted at Briones Regional Park in Contra Costa County. Out of 74 observed interactions with voles between June and July, 42% involved active hunting of these small rodents by ground squirrels.

"This was shocking," said lead author Jennifer E. Smith, an associate professor of biology at UW-Eau Claire who leads the long-term ground squirrels project with Sonja Wild of UC Davis. "We had never seen this behavior before. Squirrels are one of the most familiar animals to people. We see them right outside our windows; we interact with them regularly. Yet here's this never-before-encountered-in-science behavior that sheds light on the fact that there's so much more to learn about the natural history of the world around us."

Wild has observed hundreds of squirrels in nature and yet, even for her, when the undergraduate students came in from field work and told her what they had witnessed, she said, "No, I'm not sure what you're referring to." Then she watched the video.

"I could barely believe my eyes," said Wild, a postdoctoral research fellow in the UC Davis Environmental Science and Policy department. "From then, we saw that behavior almost every day. Once we started looking, we saw it everywhere."

Opportunists amid rapid change

Through videos, photos and direct observations at the regional park, the authors documented California ground squirrels of all ages and genders hunting, eating and competing over vole prey between June 10 and July 30. The squirrels' carnivorous summer behavior peaked during the first two weeks of July, coinciding with an explosion of vole numbers at the park reported by citizen scientists on iNaturalist. This suggests the squirrels' hunting behavior emerged alongside a temporary increase in the availability of prey, the study said. The scientists didn't observe the squirrels hunting other mammals.




"The fact that California ground squirrels are behaviorally flexible and can respond to changes in food availability might help them persist in environments rapidly changing due to the presence of humans," Wild said.

Smith added that many species, including the California ground squirrel, are "incredible opportunists." From raccoons and coyotes to spotted hyenas and humans, the flexibility these mammals apply to their hunting strategies help them change and adapt with the human landscape.

"Through this collaboration and the data coming in, we're able to document this widespread behavior that we had no idea was going on," Smith said. "Digital technology can inform the science, but there's no replacement for going out there and witnessing the behavior because what animals are doing always surprises us."

The researchers said many questions remain unanswered, including how widespread hunting behavior is among squirrels, whether and how it is passed down from parent to pup, and how it effects ecological processes. The authors are also excited to return to the field next summer to see what impact, if any, this year's vole hunting may have on squirrel reproduction compared to the past decade.

Coauthors include Joey Ingbretson, Mackenzie Miner, Ella Oestreicher, Mari Podas, Tia Ravara, Lupin Teles and Jada Wahl of UW-Eau Claire and Lucy Todd of UC Davis.

Several coauthors conducted field work during their undergraduate studies. Their work was partly funded by the Ronald E. McNair Postbaccalaureate Achievement Program, Diversity Mentoring Program and Summer Research Experience for Undergraduates. Additional funding sources include the Swiss National Science Foundation and the Vicki Lord Larson and James Larson Tenure-track Time Reassignment Collaborative Research Program.
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Supermassive black holes halt rapid construction in an ancient celestial city | ScienceDaily
Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.


						
Understanding how galaxies form and complete their growth is an area of fundamental focus in astrophysics. The dense regions of the universe, like galaxy clusters, are dominated by giant elliptical galaxies -- massive, ancient galaxies that consist of old stars. Although the mechanism by which these giant elliptical galaxies halt star formation remains debated, one theory predicts that supermassive black holes (SMBHs) could play a key role. Their intense energy can suppress the gas supply to galaxies, which may lead to the formation of the giant elliptical galaxies seen today.

Against this backdrop, an international team of researchers investigated massive galaxies in an ancient galaxy cluster known as the Spiderweb protocluster, located 11 billion light years away, using data from the James Webb Space Telescope (JWST). The research was led by Associate Professor Rhythm Shimakawa from Waseda University, Japan; Dr. Yusei Koyama from the National Astronomical Observatory of Japan; Prof. Tadayuki Kodama from Tohoku University, Japan; Dr. Helmut Dannerbauer and Dr. J. M. Perez-Martinez from the Instituto de Astrofisica de Canarias and Universidad de La Laguna, Spain; along with others who were a part of the team. Their findings were published in the Monthly Notices of the Royal Astronomical Society: Letters on December 18, 2024.

The team succeeded in obtaining high-resolution maps of the recombination lines of hydrogen, which indicate the activity of star formation and SMBHs, through the Near-Infrared Camera mounted on JWST. Detailed analysis showed that massive galaxies with active SMBHs exhibit no sign of star formation, meaning that their growth is severely hampered by SMBHs. The results support the theoretical prediction that the formation of giant elliptical galaxies is linked with SMBH activity in the past.

"The Spiderweb protocluster has been studied by our team for more than 10 years using the Subaru Telescope and other facilities. With the new JWST data, we are now able to 'answer the questions' of understanding and predicting galaxy formation that we have accumulated," remarks Dr. Shimakawa. He adds further, "This study marks a significant step forward in expanding our understanding of the co-evolution of SMBHs and galaxies in celestial cities."
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Microplastics in the air may be leading to lung and colon cancers | ScienceDaily
Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that UC San Francisco researchers suspect may be causing respiratory and other illnesses.


						
A review of some 3,000 studies implicates these particles in a variety of serious health problems. These include male and female infertility, colon cancer and poor lung function. The particles also may contribute to chronic pulmonary inflammation, which can increase the risk of lung cancer.

"These microplastics are basically particulate matter air pollution, and we know this type of air pollution is harmful," said Tracey J. Woodruff, PhD, MPH, a professor of obstetrics, gynecology and reproductive sciences at UCSF.

Woodruff directs the Program on Reproductive Health & the Environment (PRHE) and is the senior author of the study, which appears Dec. 18 in the journal Environmental Science & Technology.

Small particles, big problem

Microplastics are less than 5 millimeters -- smaller than a grain of rice -- and they are ubiquitous in the environment. Each year, companies around the world produce nearly 460 million metric tons of plastic. That is projected to reach 1.1 billion by 2050.

A major source of plastic in the air is driving. Friction wears down tires along with the road surface, sending plastic fragments into the air.




The paper is the first systematic review of microplastics using gold standard methods approved by the National Academy of Sciences.

Most of the studies in the review were based on animals. But the researchers said the conclusions likely also apply to humans since they share many of the same exposures.

The study expands on a report the researchers worked on last year with the California State Policy Evidence Consortium (CalSPEC). The Consortium includes experts across the UC system and provides evidence for policymakers in the California State Legislature.

"We urge regulatory agencies and policy leaders to consider the growing evidence of health harms from microplastics, including colon and lung cancer," said Nicholas Chartres, PhD.

Chartres, the study's first author, led the science and policy team at PRHE and is now at the University of Sydney. "We hope state leaders will take immediate action to prevent further exposures."
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Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid | ScienceDaily
Although our Solar System is billions of years old, we've only recently become better acquainted with one of its more dynamic and captivating inhabitants known as (2060) Chiron.


						
Chiron belongs to the class of objects that astronomers call "Centaurs." Centaurs are space objects that orbit the Sun between Jupiter and Neptune. They are akin to the mythological creature they borrow their name from in that they are hybrid, possessing characteristics of both asteroids and comets.

Using the James Webb Space Telescope, UCF Florida Space Institute (FSI) scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaur. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

The researchers' results were recently published in the journal Astronomy & Astrophysics.

UCF FSI Associate Scientist Noemi Pinilla-Alonso, who now works at the University of Oviedo in Spain, and Assistant Scientist Charles Schambeau led the research. The new findings build upon prior discoveries from Pinilla-Alonso and colleagues that detected carbon monoxide and carbon dioxide ice on trans-Neptunian objects (TNOs) for the first time earlier this year.

Those observations, paired with ones of Chiron, are creating foundational knowledge for understanding the creation of our Solar System, as these objects have largely remained unchanged since the Solar System was formed, Pinilla-Alonso says.

"All the small bodies in the Solar System talk to us about how it was back in time, which is a period of time we can't really observe anymore," she says. "But active centaurs tell us much more. They are undergoing transformation driven by solar heating and they provide a unique opportunity to learn about the surface and subsurface layers."

Since Chiron possesses characteristics of both an asteroid and a comet, it makes it rich for studying many processes that could assist in understanding them, she says.




"What is unique about Chiron is that we can observe both the surface, where most of the ices can be found, and the coma, where we see gases that are originating from the surface or just below it," Pinilla-Alonso says. "TNOs don't have this kind of activity because they're too far and too cold. Asteroids don't have this kind of activity because they don't have ice on them. Comets, on the other hand, show activity like centaurs, but they are typically observed closer to the Sun, and their comas are so thick that they complicate the interpretations of observations of the ices on the surface. Discovering which gases are part of the coma and their different relationships with the ices on the surface help us learn the physical and chemical properties, such as the thickness and the porosity of the ice layer, its composition, and how irradiation is affecting it."

The discovery of these ices and gases on an object as distant as Chiron -- observed near its farthest point from the Sun -- is exciting because it could help contextualize other centaurs and provide insight into the earliest era of our Solar System, Schambeau says.

"These results are like nothing we've seen before," he says. "Detecting gas comae around objects as far away from the Sun as Chiron is very challenging, but JWST has made it accessible. These detections enhance our understanding of Chiron's interior composition and how that material produces the unique behaviors as we observe Chiron."

Schambeau specializes in studying centaurs, comets and other space objects. He analyzed the methane gas coma and determined that the outflowing gas detected was consistent with it being sourced from a surface area that was exposed to the most heating from the Sun.

Chiron, first discovered in 1977, is characterized much better than most centaurs and comparatively is unique, Schambeau says. The newly analyzed information helps scientists better understand the thermophysical process going on in Chiron that produces methane gas, he says.

"It's an oddball when compared to the majority of other Centaurs," Schambeau says. "It has periods where it behaves like a comet, it has rings of material around it, and potentially a debris field of small dust or rocky material orbiting around it. So, many questions arise about Chiron's properties that allow these unique behaviors."

The researchers concluded that the coexistence of the molecules in various states adds another layer of intrigue for studying comets and centaurs. The study also highlighted the presence of irradiated byproducts of methane, carbon monoxide and carbon dioxide that will require further research and could help scientists further reveal the unique processes producing Chiron's surface composition.




Chiron originated from the TNO region and has traveled around our Solar System since its creation, says Pinilla-Alonso. The orbits of Chiron and many other large non-planetary objects occasionally experience close encounters with one of the giant planets where the gravitational pull from the planet changes the smaller object's orbit, taking them all over our Solar System and exposing them to many different environments, she says.

"We know it has been ejected from the TNO population and is only now transiting through the region of the giant planets, where it will not stay for too long," Pinilla-Alonso says. "After about 1 million years, centaurs like Chiron typically are ejected from the giant planets region, where they may end their lives as Jupiter Family comets or they may return to the TNOs region."

Pinilla-Alonso notes that the JWST's spectra showed for the first time Chiron's plethora of ices with different volatilities and their formation processes, she says.

Some of these ices, such as methane, carbon dioxide, and water ice, may be primordial components of Chiron inherited from the pre-solar nebula. Others, such as acetylene, propane, ethane, and carbon oxide, could have formed on the surface because of reduction and oxidation processes, she says.

"Based on our new JWST data, I'm not so sure we have a standard centaur," Pinilla-Alonso says. "Every active centaur that we are observing with JWST shows some peculiarity. But they cannot be all outliers. There must be something that explains why they appear to all behave differently or something that is common between them all that we cannot yet see."

The analysis of Chiron's gases and ices opens new frontiers and opportunities for exciting research, she says.

"We're going to follow up with Chiron," Pinilla-Alonso says. "It will come closer to us, and if we can study it at nearer distances and get better reads on the quantities and nature of the ices, silicates, and organics, we will be able to better understand how seasonal insolation variations and different illumination patterns can affect its behavior and its ice reservoir."

The JWST is the world's premier space science observatory, and it 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. The JWST is an international collaboration led by NASA with its partners the European Space Agency and the Canadian Space Agency.

Researchers' Credentials

Pinilla-Alonso was a professor at FSI who joined UCF in 2015. Most of her work on this project was conducted while she was at UCF. Pinilla-Alonso also holds a joint appointment as a research professor in UCF's Department of Physics and has led numerous international observational campaigns in support of NASA missions, such as New Horizons, OSIRIS-REx and Lucy. Pinilla-Alonso is a distinguished professor at the Institute for Space Sciences and Technologies in Asturias, within the Universidad de Oviedo. She received her doctoral degree in astrophysics and planetary sciences from the Universidad de La Laguna in Spain.

Schambeau is an assistant scientist who received his doctoral degree in physics with a concentration in planetary sciences in 2018 from UCF. He subsequently joined FSI where he expanded upon his work examining comets and centaurs as part of UCF's Preeminent Postdoctoral Program.
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Survey of 26,000 dead stars confirms key details of extreme stellar behavior | ScienceDaily
A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.


						
The findings bring scientists one step closer to using these stellar objects as natural laboratories to probe the effects of extreme gravity and hunt for exotic dark matter particles. Details about the research, led by Johns Hopkins University, are published in The Astrophysical Journal.

"White dwarfs are one of the best characterized stars that we can work with to test these underlying theories of run-of-the-mill physics in hopes that maybe we can find something wacky pointing to new fundamental physics," said Nicole Crumpler, a Johns Hopkins University astrophysicist who led the work. "If you want to look for dark matter, quantum gravity, or other exotic things, you better understand normal physics. Otherwise, something that seems novel might be just a new manifestation of an effect that we already know."

White dwarfs are cores of stars that were once like our sun but that have exhausted all the hydrogen once used as nuclear fuel. These stripped-down stars are so dense that a teaspoon of their material weighs upward of a ton, far heavier than ordinary matter. With that mass packed so tightly, their gravitational pull can be hundreds of times stronger than Earth's.

The research relied on measurements of how those extreme conditions influenced light waves emitted by white dwarfs. Light traveling away from such massive objects loses energy in the process of escaping its gravity, gradually turning redder. This "redshift" effect stretches light waves like rubber in ways telescopes can measure. It results from the warping of spacetime caused by extreme gravity, as predicted by Einstein's theory of general relativity.

By averaging measurements of the white dwarfs' motions relative to Earth and grouping them according to their gravity and size, the team isolated gravitational redshift to measure how higher temperatures influence the volume of their gaseous outer layers.

The research continues efforts by the same Johns Hopkins group. Their 2020 survey of 3,000 white dwarfs confirmed the stars shrink as they gain mass because of "electron degeneracy pressure," a quantum mechanical process that keeps their dense cores stable over billions of years without the need for nuclear fusion, which typically supports our sun and other types of stars. Until now, the team did not have enough data to confidently confirm the subtler -- but important -- effect of higher temperatures on that mass-size relationship, Crumpler said.




The study combines observations from the Sloan Digital Sky Survey, which uses telescopes in Chile and New Mexico, and the European Space Agency's Gaia mission. Both projects are continuously mapping and tracking millions of stars, galaxies, and other cosmic objects.

"The next frontier could be detecting the extremely subtle differences in the chemical composition of the cores of white dwarfs of different masses," said Nadia Zakamska, a Johns Hopkins astrophysics professor who directed the research. "We don't fully understand the maximum mass a star can have to form a white dwarf, as opposed to a neutron star or a black hole. These increasingly high-precision measurements can help us test and refine theories about this and other poorly understood processes in massive star evolution."

The observations could also help attempts to spot signs of dark matter, such as axions or other hypothetical particles, Crumpler said. By providing a more detailed picture of white dwarf structures, the team could use this data to uncover the signal of a particular model of dark matter that results in an interference pattern in our galaxy. If two white dwarfs are within the same dark matter interference patch, then dark matter would change the structure of these stars in the same way, Crumpler said.

Even though dark matter has gravity, it does not emit light or energy that telescopes can see. Scientists know it makes up most of the matter in space because its gravity affects stars, galaxies, and other cosmic objects in ways similar to how the sun affects our planet's orbit.

"We've banged our heads against the wall trying to figure out what dark matter is, but I'd say we have jack diddly squat," Crumpler said. "We know a whole lot of what dark matter is not, and we have constraints on what it can and can't do, but we still don't know what it is. That's why understanding simpler astrophysical objects like white dwarf stars is so important, because they give hope of discovering what dark matter might be."

Other authors include Vedant Chandra and Priyanka Chakraborty of Center for Astrophysics | Harvard & Smithsonian; Gautham Adamane Pallathadka, Stefan Arseneau, and Stephen P. Schmidt of Johns Hopkins University; Nicola Gentile Fusillo of Universita degli Studi di Trieste; J.J. Hermes of Boston University; Carles Badenes of University of Pittsburgh; and Boris T. Gansicke of University of Warwick

This research was supported by the National Science Foundation Graduate Research Fellowship Program under Grant No. 679DGE2139757, a Peirce Fellowship from Harvard University, the Johns Hopkins President's Frontier Award, a seed grant from the JHU Institute for Data Intensive Engineering and Science, the Johns Hopkins Provost's Undergraduate Research Award, the Alfred P. Sloan Foundation, and the Heising-Simons Foundation.

Sloan Digital Sky Survey telescopes are located at Apache Point Observatory, funded by the Astrophysical Research Consortium and operated by New Mexico State University, and at Las Campanas Observatory, operated by the Carnegie Institution for Science. Funding for the European Space Agency's Gaia Data Processing Analysis Consortium has been provided by national institutions participating in the Gaia Multilateral Agreement.
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Massive black hole in the early universe spotted taking a 'nap' after overeating | ScienceDaily
Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food.


						
Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

An international team of astronomers, led by the University of Cambridge, used the NASA/ESA/CSA James Webb Space Telescope to detect this black hole in the early universe, just 800 million years after the Big Bang.

The black hole is huge -- 400 million times the mass of our Sun -- making it one of the most massive black holes discovered by Webb at this point in the universe's development. The black hole is so enormous that it makes up roughly 40% of the total mass of its host galaxy: in comparison, most black holes in the local universe are roughly 0.1% of their host galaxy mass.

However, despite its gigantic size, this black hole is eating, or accreting, the gas it needs to grow at a very low rate -- about 100 times below its theoretical maximum limit -- making it essentially dormant.

Such an over-massive black hole so early in the universe, but one that isn't growing, challenges existing models of how black holes develop. However, the researchers say that the most likely scenario is that black holes go through short periods of ultra-fast growth, followed by long periods of dormancy. Their results are reported in the journal Nature.

When black holes are 'napping', they are far less luminous, making them more difficult to spot, even with highly-sensitive telescopes such as Webb. Black holes cannot be directly observed, but instead they are detected by the tell-tale glow of a swirling accretion disc, which forms near the black hole's edges. The gas in the accretion disc becomes extremely hot and starts to glow and radiate energy in the ultraviolet range.




"Even though this black hole is dormant, its enormous size made it possible for us to detect," said lead author Ignas Juodzbalis from Cambridge's Kavli Institute for Cosmology. "Its dormant state allowed us to learn about the mass of the host galaxy as well. The early universe managed to produce some absolute monsters, even in relatively tiny galaxies."

According to standard models, black holes form from the collapsed remnants of dead stars and accrete matter up to a predicted limit, known as the Eddington limit, where the pressure of radiation on matter overcomes the gravitational pull of the black hole. However, the sheer size of this black hole suggests that standard models may not adequately explain how these monsters form and grow.

"It's possible that black holes are 'born big', which could explain why Webb has spotted huge black holes in the early universe," said co-author Professor Roberto Maiolino, from the Kavli Institute and Cambridge's Cavendish Laboratory. "But another possibility is they go through periods of hyperactivity, followed by long periods of dormancy."

Working with colleagues from Italy, the Cambridge researchers conducted a range of computer simulations to model how this dormant black hole could have grown to such a massive size so early in the universe. They found that the most likely scenario is that black holes can exceed the Eddington limit for short periods, during which they grow very rapidly, followed by long periods of inactivity: the researchers say that black holes such as this one likely eat for five to ten million years, and sleep for about 100 million years.

"It sounds counterintuitive to explain a dormant black hole with periods of hyperactivity, but these short bursts allow it to grow quickly while spending most of its time napping," said Maiolino.

Because the periods of dormancy are much longer than the periods of ultra-fast growth, it is in these periods that astronomers are most likely to detect black holes. "This was the first result I had as part of my PhD, and it took me a little while to appreciate just how remarkable it was," said Juodzbalis. "It wasn't until I started speaking with my colleagues on the theoretical side of astronomy that I was able to see the true significance of this black hole."

Due to their low luminosities, dormant black holes are more challenging for astronomers to detect, but the researchers say this black hole is almost certainly the tip of a much larger iceberg, if black holes in the early universe spend most of their time in a dormant state.

"It's likely that the vast majority of black holes out there are in this dormant state -- I'm surprised we found this one, but I'm excited to think that there are so many more we could find," said Maiolino.

The observations were obtained as part of the JWST Advanced Deep Extragalactic Survey (JADES). The research was supported in part by the European Research Council and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles | ScienceDaily
Scientists in South Korea have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size.


						
The findings, published Wednesday, December 18 in the Cell Press journal Device, suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

"The high adaptability of microrobot swarms to their surroundings and high autonomy level in swarm control were surprising," says author Jeong Jae Wie of the Department of Organic and Nano Engineering at Hanyang University in Seoul, South Korea.

Wie and colleagues tested how well microrobot swarms with different assembly configurations performed at a variety of tasks. They found that swarms with high aspect ratio assembly could climb an obstacle five times higher than the body length of a single microrobot and hurl themselves, one by one, over an obstacle.

A large swarm of 1,000 microrobots with high packing density formed a raft that floated on water and wrapped itself around a pill that weighed 2,000 times more than each individual robot, enabling the swarm to transport the drug through the liquid.

On dry land, a robot swarm managed to transport cargo 350 times heavier than each individual, while another microrobot swarm was able to unclog tubes that resembled blocked blood vessels. Finally, through spinning and orbital dragging motions, Wie's team developed a system through which robot swarms could guide the motions of small organisms.

Scientists have become increasingly interested in studying how swarms of robots can collectively achieve goals, inspired by the way ants band together to bridge a gap in a path or huddle in the shape of a raft to survive floods. Similarly, working together makes robots more resistant to failure -- even if some members of the group fall short of the goal, the rest keep performing their programmed motions until enough of them eventually succeed.




"Previous swarm robotics research has focused on spherical robots, which come together through point-to-point contact," says Wie. In this study, the researchers designed a swarm made up of cube-shaped microrobots, which share stronger magnetic

attractions since larger surface areas -- entire faces of each cube -- can come into contact.

Each microrobot stands 600 micrometers tall and consists of an epoxy body embedded with particles of ferromagnetic neodymium-iron-boron (NdFeB), which enables it to respond to magnetic fields and interact with other microrobots. By powering the robots with a magnetic field generated by rotating two connected magnets, the swarm can self-assemble. The researchers programmed the robots to come together in different configurations by varying the angle at which the robots were magnetized.

"We developed a cost-effective mass production method using onsite replica molding and magnetization, ensuring uniform geometry and magnetization profiles for consistent performance," says Wie.

"While the study's results are promising, the swarms will need higher levels of autonomy before they will be ready for real-world applications," says Wie.

"The magnetic microrobot swarms require external magnetic control and lack the ability to autonomously navigate complex or confined spaces like real arteries," he says. "Future research will focus on enhancing the autonomy level of the microrobot swarms, such as real-time feedback control of their motions and trajectories."
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Syphilis had its roots in the Americas | ScienceDaily
A research team led by members of the Max Planck Institute for Evolutionary Anthropology has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.


						
In spring 1495, the Italian campaign of Charles VIII of France was interrupted by an intense outbreak of an apparently unknown illness -- a disease of high mortality that quickly engulfed the whole of Europe and left its survivors with life changing impairments to their bodies and minds. This documented epidemic is now interpreted to be the first historical account of syphilis.

The origin of syphilis is the subject of a decades-long debate. The late 15th century outbreak occurred shortly after the return of Columbus and his crew from their early expeditions to the Americas, which led some to believe that contact with new lands and people may have had something to do with the sudden disease onset. Though many communicable diseases made a westward journey from Europe to the Americas during the early colonial period where they imparted devastating consequences on indigenous groups, syphilis is one of the few that possibly made the reverse journey. This "Columbian theory" for syphilis has gained popularity over the years, but still has its critics. Its simple narrative starts to unravel when experts turn their attention to lesions seen in bones from Medieval Europe. Both long-term sufferers and those born with an infection can develop changes in their bones or teeth, and over the past several decades, a number of such skeletons have been found in Europe that predate 1492. Many now believe the history of syphilis in Europe began long before Columbus, and the late 15th century pandemic happened for reasons independent of new contacts. But neither theory has been confirmed.

Analyzing five ancient pathogen genomes

Pathogen DNA retrieved from archaeological bone has the potential to tip the scales in support of one theory over another. It has already told us volumes about the deep history of plague, tuberculosis, leprosy, and smallpox, though unthreading the history of syphilis has proven more challenging. "Several genomes from the syphilis family have been reconstructed from archaeological bone, but these haven't been able to address core questions related to the pre- or post-Columbian theories surrounding syphilis," says Kirsten Bos, group leader for molecular paleopathology at the Max Planck Institute for Evolutionary Anthropology.

A new study led by Bos and Johannes Krause, director of the Department of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology in Leipzig, has taken a critical step toward resolving this debate. Working with scientists and archaeologists from several countries in the Americas, the study focused on archaeological bone from these regions, where infections that left lesion patterns similar to syphilis are apparent from deep time periods. "We've known for some time that syphilis-like infections occurred in the Americas for millennia, but from the lesions alone it's impossible to fully characterize the disease," comments Casey Kirkpatrick, a postdoctoral researcher and paleopathologist who contributed to the current study. Bone pathology also cannot tell us whether the disease originated in the Americas, or if it came from Asia deep in our past and merely accompanied groups during the early peopling events of the Americas some 15,000 years ago.

Using state of the art techniques, the team was able to recover and analyze five ancient genomes of the syphilis disease family from Mexico, Chile, Peru, and Argentina. Computational microbiologist and postdoctoral researcher Lesley Sitter undertook the task of putting together the ancient molecular puzzles and adds "while preservation posed some analytical challenges, we were able to confidently determine the relationships between these extinct forms and the strains that impact global health today."

Syphilis family of diseases in the Americas pre-dates "Columbus"




Syphilis is part of a small family of diseases that also includes yaws and bejel, both classified as neglected tropical diseases that are found in equatorial regions across the globe. Postdoctoral researcher Rodrigo Barquera has worked previously with archaeological bone from colonial Mexico, and has confirmed the presence of both syphilis and yaws in Mexico City by the 17th century. Drawing upon the latest ancient genomic data, it is now clear that the Americas were a hub for ancient diversity within this disease group before the arrival of Columbus. "We see extinct sister lineages for all known forms of this disease family, which means syphilis, yaws, and bejel are the modern legacies of pathogens that once circulated in the Americas," asserts Barquera.

"The data clearly support a root in the Americas for syphilis and its known relatives, and their introduction to Europe starting in the late 15th century is most consistent with the data," adds Bos. Subsequent to this, an explosion in cases of syphilis and yaws seems to have occurred around AD 1,500. This is likely behind the breadth and intensity of the 16th century outbreak in Europe, whose global spread was facilitated by human trafficking networks and European expansions across the Americas and Africa in the decades and centuries that followed. "While indigenous American groups harboured early forms of these diseases, Europeans were instrumental in spreading them around the world," she concludes.

With support for an American origin of syphilis, how does the current narrative square up with the evidence of syphilis-like bone lesions that many claim to have identified in pre-1492 Europe? "The search will continue to define these earlier forms, and ancient DNA will surely be a valuable resource," comments Krause. "Who knows what older related diseases made it around the world in humans or other animals before the syphilis family appeared."
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A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age | ScienceDaily
Much about the Moon remains shrouded in mystery, including its age. Analyses of samples brought back from the lunar surface indicate our celestial sidekick could be about 4.35 billion years old, which means it came to be at about 200 million years after the formation of our solar system.


						
But that immense lag doesn't sit well with some scientists. During the solar system's early days, debris and planetary bodies collided and coalesced to form planets. By 200 million years, most of this chaotic debris had been swept up into larger bodies. Thus, many scientists who simulate the solar system's evolution see the idea of a massive collision forming the Moon this late as improbable.

In an "idea paper" published on December 18 in Nature, UC Santa Cruz Professor Francis Nimmo and his co-authors propose a possible explanation for this discrepancy: that the Moon underwent a "remelting" 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating. They say this remelting would have "reset" the age of the lunar rocks -- masking the Moon's true age with what could be likened to a volcanic facelift.

"We predict that there shouldn't be any lunar rocks that are older than 4.35 billion years because they should have experienced the same resetting," said Nimmo, a professor of Earth and planetary sciences. "Because this heating event was global, you shouldn't find rocks anywhere on the Moon that are significantly older than that."

Moon as microcosm for the cosmos

The Moon has fascinated humanity for millenia, and in the last few centuries, people started to wonder how -- and when -- the Moon formed. One of the reasons for sending astronauts to the Moon was to answer this question. The Moon also serves as a luminous stepping stone to comprehending more distant objects. But, if we can't nail down the age of the Moon, how can we be confident about the precise age of anything beyond it?

The Moon is thought to have been born from a collision between the early Earth and a Mars-sized protoplanet -- the last giant impact in our planet's history. The timing of this event has been estimated by dating lunar-rock samples presumed to have crystallized from the lunar magma ocean that existed post-impact, placing the Moon's age at about 4.35 billion years old.




However, this age fails to account for several discrepancies with thermal models and other pieces of evidence, such as the ages of some zircon minerals on the lunar surface, which suggest that the Moon could be up to 4.51 billion years old.

Nimmo and his colleagues hypothesize that a remelting event driven by the Moon's orbital evolution could account for the frequent occurrence of approximately 4.35-billion-year-old rocks -- such as those collected by the U.S. Apollo mission and others -- rather than the first solidification of the lunar magma ocean.

For their paper, the authors used modelling to show that the Moon may have experienced sufficient tidal heating to cause this remelting approximately 4.35 billion years ago, which could "reset" the apparent formation age of these lunar samples.

A misleading magma mask

Tidal heating is a process where the gravitational forces between two celestial bodies cause internal friction that leads to intense heating. For the Moon, this effect was likely more pronounced in its early history when it was closer to Earth. According to the latest models, during certain periods in its early years, the Moon's orbit would have been unstable, causing it to experience intense tidal forces from Earth that could have led to significant heating events, dramatically altering the Moon's geology.

The research team draws parallels between this hypothetical heating event on the Moon and the current volcanic activity observed on the Jupiter moon Io, which is known as the most volcanically active body in the solar system. Volcanic activity on Io is driven by tidal forces similar to what may have marked the Moon's early history, with widespread volcanic activity and the surface being constantly reshaped by eruptions.




The researchers also say the remelting of the Moon would explain why there are fewer lunar impact basins from early bombardments than might be expected, as they would have been erased during a heating event. The authors posit that this explanation would suggest the formation of the Moon occurred between 4.43 and 4.53 billion years ago, at the upper limit of previous age estimates.

Nimmo said the next stage of research will involve more complex simulations that refine our understanding of how tidal heating might have reset the Moon's geological clock. This, along with additional lunar samples from future missions, should shed more light on the Moon's true age.

That's why excitement surrounds the recent return of lunar samples by China's Chang'e 6 mission. These samples, collected from the far side of the Moon, will provide invaluable data for understanding the processes that shaped its history. Researchers are particularly eager to see whether these new samples support the idea of a global resetting event caused by tidal heating.

Nimmo's team also envisions more detailed modeling to further explore the effects of tidal heating on the Moon's geology. Although the initial models are promising, more complex and realistic simulations will be necessary to fully understand the scope of these heating events.

A New Era of Lunar Research

This paper not only offers a fresh perspective on the Moon's past, but also opens the door for more nuanced investigations into its formation and evolution. The interplay between geochemistry and simulation modeling is helping scientists to fill in the gaps of lunar history, with tidal heating emerging as a crucial mechanism for understanding the Moon's geological features.

"As more data becomes available -- particularly from ongoing and future lunar missions -- the understanding of the Moon's past will continue to evolve," Nimmo said. "We hope that our findings will spark further discussion and exploration, ultimately leading to a clearer picture of the Moon's place in the broader history of our solar system."
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Thorium film could replace crystals in atomic clocks of the near future | ScienceDaily
Atomic clocks that excite the nucleus of thorium-229 embedded in a transparent crystal when hit by a laser beam could yield the most accurate measurements ever of time and gravity, and even rewrite some of the fundamental laws of physics. Thorium-229-doped crystals are both scarce and radioactive. A thin film using a dry precursor of thorium-229 shows the same nuclear excitation as the crystal, but its low cost and radioactivity, and smaller size mean its production could be more easily scaled up to make smaller, less expensive, more portable atomic clocks.


						
This summer, UCLA physicists succeeded in getting the nucleus of a thorium-229 atom embedded in a transparent crystal to absorb and emit photons like the electrons in an atom do, ending decades of speculation about whether such a feat was possible. Raising the energy state of an atom's nucleus using a laser, or exciting it, would permit the development of the most accurate atomic clocks ever to exist and allow the most accurate measurements of time and gravity. Such an atomic clock could even rewrite some of the fundamental laws of physics.

But there's a catch: The thorium-229-doped crystals are both scarce and radioactive. In a new paper published in Nature, a team of UCLA chemists and physicists may have also solved that problem with the development of thin films made from a thorium-229 precursor that requires much less thorium-229 and is about as radioactive as a banana. Using these films, they showed the same laser-driven nuclear excitation necessary for a nuclear clock. Production of the film could be scaled up for use not only in nuclear clocks but other quantum optics applications.

Instead of embedding a pure thorium atom in a fluorine-based crystal, the new method uses a dry nitrate parent material of thorium-229 dissolved in ultrapure water and pipetted into a crucible. The addition of hydrogen fluoride yields a few micrograms of thorium-229 precipitate that is separated from the water and heated until it evaporates and condenses unevenly on transparent sapphire and magnesium fluoride surfaces.

Light from a vacuum ultraviolet laser system was directed at the targets, where it excited the nuclear state as reported in earlier UCLA research, and the subsequent photons emitted by the nucleus were collected.

"A key advantage to using a parent material -- thorium fluoride -- is that all the thorium nuclei are in the same local atomic environments and experience the same electric field at the nuclei," said co-author and Charles W. Clifford Jr. professor ofchemistry and biochemistry, and professor of materials science and engineering at UCLA, Anastassia Alexandrova. "This makes all thorium exhibit the same excitation energies, making for a stable and more accurate clock. In this way, the material is unique."

At the heart of every clock is an oscillator. The clock operates by defining time as how long it takes for the oscillator to undergo a certain number of oscillations. In a grandfather clock, a second may be defined as the time for the pendulum to go back and forth once; in the quartz oscillator of a wristwatch, it is typically about 32,0000 vibrations of the crystal.

In a thorium nuclear clock, a second is about 2,020,407,300,000,000 excitation and relaxation cycles of the nucleus. This higher tick rate can make the clock more precise, provided the tick rate is stable; if the tick rate changes, the clock will mismeasure time. The thin films described in this work provide a stable environment for the nucleus that is both easily constructed and has the potential to be harnessed to produce microfabricated devices. This could allow widespread use of nuclear clocks as it makes them cheaper and easier to produce.

Existing atomic clocks based on electrons are room-sized contraptions with vacuum chambers to trap atoms and equipment associated with cooling. A thorium-based nuclear clock would be much smaller, more robust, more portable and more accurate.

Above and beyond commercial applications, the new nuclear spectroscopy could pull back the curtain on some of the universe's biggest mysteries. Sensitive measurement of an atom's nucleus opens up a new way to learn about its properties and interactions with energy and the environment. This, in turn, will let scientists test some of their most fundamental ideas about matter, energy and the laws of space and time.
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How to print a car: High-performance multi-material 3D printing techniques | ScienceDaily
Researchers at Tohoku University's Institute for Materials Research and New Industry Creation Hatchery Center have made a breakthrough in a multi-material 3D printing technique, demonstrating the process for creating a lightweight yet durable automobile part.


						
The process of metal 3D printing involves building objects by depositing metals layer by layer, using heat to bind them together. The precision of 3D printing allows for the production of unique, highly customizable shapes that often create less wasteful byproducts than traditional manufacturing methods. "Multi-material structures" which strategically combine different materials for optimal performance of a component can also be created via 3D printing. For example, steel automobile parts can be made more lightweight by combining them with aluminum. Due to these benefits, mastering such 3D printing techniques is garnering considerable attention from researchers.

However, this technique does come with some challenges.

"Multi-materials are a hot topic in the field of additive manufacturing due to its process flexibility," explains Associate Professor Kenta Yamanaka (Tohoku University), "However, a major challenge in practical implementation is that for certain metal combinations, such as steel and aluminum, brittle intermetallic compounds can be formed at the dissimilar metal interfaces. So, while the material is now lighter, it ends up being more brittle."

The goal of this study was to produce a steel-aluminum alloy that was lightweight but did not compromise on strength. To do so, the research team used Laser Powder Bed Fusion (L-PBF), one of the primary metal 3D printing technologies that employs a laser to selectively melt metal powders. They discovered that increasing the scan speed of the laser significantly suppresses the formation of brittle intermetallic compounds (such as Al5Fe2 and Al13Fe4). They proposed that this higher scanning speed leads to something called non-equilibrium solidification, which minimizes solute partitioning that result in weak points in the material. The resulting product they created consequently demonstrated strong bonding interfaces.

"In other words, you can't just slap two metals together and expect them to stick without a plan," says Specially Appointed Assistant Professor Seungkyun Yim (Tohoku University),"We had to fully understand the in-situ alloying mechanism first."

Based on this achievement, they successfully prototyped the world's first full-scale automotive multi-material component (suspension tower) with a tailored geometry. The research group intends to apply these findings to other metal combinations where similar issues with bonding need improvement, which will allow for more broad applications.

The results were published in Additive Manufacturing on November 19, 2024.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241217201520.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Prehistoric rock in Japan reveals clues to major ocean anoxic event | ScienceDaily
By studying prehistoric rocks and fossils emerging from the side of Mount Ashibetsu in Japan, researchers have precisely refined the timing and duration of Ocean Anoxic Event 1a (OAE 1a), an extreme environmental disruption that choked oxygen from Earth's oceans to cause significant extinction, especially among plankton.


						
Researchers have long suspected that massive volcanic eruptions undersea caused carbon dioxide (CO2) increases, global warming and depleted oxygen (called anoxia) in the ocean during the Mesozoic Period. Now, an international team of researchers, including Northwestern University Earth scientists, determined the precise timing of the volcanic eruption and OAE1a, which started 119.5 million years ago. The work adds to a growing volume of evidence that volcanic CO2 emissions directly triggered the anoxic event.

The new study also determined that OAE 1a lasted for just over 1.1 million years. This new information helps scientists better understand how the Earth's climate and ocean system operates and responds to stress -- especially as it relates to current warming.

The study was published late last month in the journal Science Advances. It marks the most detailed and highly resolved dating of an ocean anoxic event ever achieved.

"Ocean anoxic events occur in part as a consequence of climatic warming in a greenhouse world," said Northwestern's Brad Sageman, a senior author of the study. "If we want to make accurate predictions about what we will see in the decades ahead with human-caused warming, this information is invaluable. The best way to understand the future is to look at data from the past."

An expert on ancient climates, Sageman is a professor of Earth, Environmental and Planetary Sciences at Northwestern's Weinberg College of Arts and Sciences and a co-director of the Paula M. Trienens Institute for Sustainability and Energy.

A Northwestern connection

The Cretaceous Period experienced two major and several minor ocean anoxic events, with OAE 1a as one of the two largest. The most likely cause: volcanic eruptions rapidly injected massive amounts of CO2 into the ocean and atmosphere. These aren't ordinary volcanoes but large igneous provinces that erupt up to a million cubic kilometers of basalt over several millions of years. When CO2 reacts with seawater, it forms a weak carbonic acid, which literally dissolves sea creatures' shells. The acid, combined with low oxygen levels, has significant consequences for sea life.




Researchers first began pondering ocean anoxic events in the mid-1970s, after a discovery by Northwestern geologist Seymour Schlanger and Oxford professor Hugh Jenkyns. When examining sediment samples from the Pacific Ocean floor, Schlanger and Jenkyns discovered black, organic carbon-rich shales that matched samples -- in composition and age -- from both the Atlantic Ocean and rock formations in Italy.

Widespread lack of oxygen was the most likely explanation for these deposits. Anoxia prevents the breakdown of organic matter from dead plants and animals, leading to a global pattern of organic enrichment. Instead of decomposing, the settling plankton and other fossils accumulated to form organic carbon-rich strata scattered around the globe.

"How were black shales forming at the same time in the deep oceans and up on land?" Sageman asked. "Schlanger and Jenkyns realized there must have been a massive global event that caused oxygen to decrease from the ocean surface all the way down to the seafloor."

History solidified in stone

In the new study, researchers looked not to the depths of the oceans but to ancient strata along the northwest edge of a mountain on Japan's Hokkaido Island. The rocks, or tuffs, formed from volcanic ash that settled and solidified over time. Tectonic activity lifted these layers above sea level during formation of the Japanese islands, leaving them exposed and accessible where streams carve through the temperate rainforest of Hokkaido. By collecting and analyzing the tuffs, Sageman, his Ph.D. student, Luca Podrecca, and their collaborators gained a glimpse into geologic history.

"Magma comes out of a volcano in liquid form and then begins to cool," Sageman said. "During this process, crystals start to form. By the time the tuff solidifies, the crystals become a tiny closed system. They lock in atoms, and some of those atoms, like uranium, start to decay, meaning they convert from one isotope to another. That provides a tool to date the eruption, and, thus, date a specific layer within a stack of sedimentary rock. While the expertise of team members from Tohuku University in Japan, Durham University in the U.K. and Northwestern focuses on the characterization and global correlation of the strata, our collaborators at the University of Wisconsin-Madison and Boise State University are experts in the geochronological analyses."

The researchers also used other types of isotopes, such as carbon, which tracks synchronous changes in the carbon cycle, and osmium, which tracks volcanic activity and changes in ocean chemistry.




"These isotope systems provide tools for correlating the OAE1a interval between sites in Hokkaido, southern France and other sites all around the globe," Sageman said. "They give us markers for instants in geologic time."

Pinpointing the exact timeline

According to this evidence, an abrupt shift in carbon isotope ratios -- caused first by the spike in volcanic CO2added to the carbon cycle (and later by the excess burial of organic matter) -- occurred in the early Cretaceous at the beginning of OAE 1a. A concurrent shift in the isotopic ratios of osmium reflects a massive input of volcanic material into ocean waters. The timing of these events corresponds to eruption of the Ontong Java Nui complex, an enormous igneous province about the size of Alaska located in the southwestern Pacific Ocean.

Now that researchers know it took the oceans 1.1 million years to recover from the sharp increase in CO2, they have more insight into how long the effects of CO2-driven warming events might last and what the associated effects, such as ocean anoxia, may be.

"We're already seeing zones with low oxygen levels in the Gulf of Mexico," Sageman said. "The main difference is that past events unfolded over tens of thousands to millions of years. We're driving roughly similar levels of warming (or more) but doing so in less than 200 years."
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Physicists 'bootstrap' validity of string theory | ScienceDaily
String theory, conceptualized more than 50 years ago as a framework to explain the formation of matter, remains elusive as a "provable" phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its "inevitability."


						
String theory posits that the most basic building blocks of nature are not particles, but, rather, one-dimensional vibrating strings that move at different frequencies in determining the type of particle that emerges -- akin to how vibrations of string instruments produce an array of musical notes.

In their work, reported in the journal Physical Review Letters, New York University and Caltech researchers posed the following question: "What is the math question to which string theory is the only answer?" This approach to understanding physics is known as the "bootstrap," which is reminiscent of the adage about "pulling yourself up by your bootstraps" -- producing results without additional assistance or, in this case, input.

The bootstrap has previously allowed physicists to understand why general relativity and various particle theories -- like the interactions of gluons inside of protons -- are mathematically inevitable: they are the only consistent mathematical structures, under certain criteria.

However, the same question had not previously been answered for string theory: What criteria uniquely determine it by mathematically picking it out from the set of all possible theories?

In the Physical Review Letters paper, the scientists discovered a way to bootstrap these string amplitudes -- specifically, constructing them through the creation of mathematical formulas. By implementing special mathematical conditions on their formulas for scattering amplitudes -- which describe how particles interact and ultimately form -- the group found that the amplitudes of string theory emerged as the only consistent answer.

"This paper provides an answer to this string-theory question for the first time," says Grant Remmen, a James Arthur Postdoctoral Fellow in NYU's Center for Cosmology and Particle Physics and one of the authors of the paper. "Now that these mathematical conditions are known, it brings us a step closer to understanding if and why string theory must describe our universe."

The paper's authors, who also included Clifford Cheung, a professor of theoretical physics at Caltech, and Aaron Hillman, a Caltech postdoctoral researcher, add that this breakthrough may be useful in better understanding quantum gravity -- it seeks to reconcile Einstein's theory of relativity, which explains large-scale gravity, with quantum mechanics, which describes particle activity at the smallest scales.

"This approach opens a new area of study in analyzing the uniqueness of string amplitudes," explains Remmen. "The development of tools outlined in our research can be used to investigate deformations of string theory, allowing us to map a space of possibilities for quantum gravity."

This research was supported by a grant from the US Department of Energy (DESC0011632).
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New discovery by scientists redefines magnetism | ScienceDaily
Step into a hidden world so small it's almost unimaginable -- the nanoscale. Imagine a single strand of hair and shrink it a million times, and you're there. Here, atoms and molecules are master builders, creating new properties yet to be discovered -- until now.


						
Researchers Deepak Singh and Carsten Ullrich from the University of Missouri's College of Arts and Science, along with their teams of students and postdoctoral fellows, recently made a groundbreaking discovery on the nanoscale: a new type of quasiparticle found in all magnetic materials, no matter their strength or temperature.

These new properties shake up what researchers previously knew about magnetism, showing it's not as static as once believed.

"We've all seen the bubbles that form in sparkling water or other carbonated drink products," said Ullrich, Curators' Distinguished Professor of Physics and Astronomy. "The quasiparticles are like those bubbles, and we found they can freely move around at remarkably fast speeds."

This discovery could help the development of a new generation of electronics that are faster, smarter and more energy efficient. But first, scientists need to determine how this finding could work into those processes.

One scientific field that could directly benefit from the researchers' discovery is spintronics, or "spin electronics." While traditional electronics use the electrical charge of electrons to store and process information, spintronics uses the natural spin of electrons -- a property that is intrinsically linked to the quantum nature of electrons, Ullrich said.

For instance, a cell phone battery could last for hundreds of hours on one charge when powered by spintronics, said Singh, an associate professor of physics and astronomy who specializes in spintronics.




"The spin nature of these electrons is responsible for the magnetic phenomena," Singh said. "Electrons have two properties: a charge and a spin. So, instead of using the conventional charge, we use the rotational, or spinning, property. It's more efficient because the spin dissipates much less energy than the charge."

Singh's team, including former graduate student Jiason Guo, handled the experiments, using Singh's years of expertise with magnetic materials to refine their properties. Ullrich's team, with postdoctoral researcher Daniel Hill, analyzed Singh's results and created models to explain the unique behavior they were observing under powerful spectrometers located at Oak Ridge National Laboratory.

The current study builds on the team's earlier study, published in Nature Communications, where they first reported this dynamic behavior on the nanoscale level.

"Emergent topological quasiparticle kinetics in constricted nanomagnets," was published in Physical Review Research, a journal of the American Physical Society. This work was supported by grants from the U.S. Department of Energy Office of Science, Basic Energy Sciences (DE-SC0014461 and DE-SC0019109). The content is solely the responsibility of the authors and does not necessarily represent the official views of the funding agency.

Guo, who is now a postdoctoral fellow at Oak Ridge National Laboratory, and Hill are the first and second authors on the study. The Mizzou researchers were joined by Valeria Lauter, Laura Stingaciu and Piotr Zolnierczuk, scientists at Oak Ridge.
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Binary star found near our galaxy's supermassive black hole | ScienceDaily
An international team of researchers has detected a binary star orbiting close to Sagittarius A*, the supermassive black hole at the centre of our galaxy. It is the first time a stellar pair has been found in the vicinity of a supermassive black hole. The discovery, based on data collected by the European Southern Observatory's Very Large Telescope (ESO's VLT), helps us understand how stars survive in environments with extreme gravity, and could pave the way for the detection of planets close to Sagittarius A*.


						
"Black holes are not as destructive as we thought," says Florian Peissker, a researcher at the University of Cologne, Germany, and lead author of the study published today in Nature Communications. Binary stars, pairs of stars orbiting each other, are very common in the Universe, but they had never before been found near a supermassive black hole, where the intense gravity can make stellar systems unstable.

This new discovery shows that some binaries can briefly thrive, even under destructive conditions. D9, as the newly discovered binary star is called, was detected just in time: it is estimated to be only 2.7 million years old, and the strong gravitational force of the nearby black hole will probably cause it to merge into a single star within just one million years, a very narrow timespan for such a young system.

"This provides only a brief window on cosmic timescales to observe such a binary system -- and we succeeded!" explains co-author Emma Bordier, a researcher also at the University of Cologne and a former student at ESO.

For many years, scientists also thought that the extreme environment near a supermassive black hole prevented new stars from forming there. Several young stars found in close proximity to Sagittarius A* have disproved this assumption. The discovery of the young binary star now shows that even stellar pairs have the potential to form in these harsh conditions. "The D9 system shows clear signs of the presence of gas and dust around the stars, which suggests that it could be a very young stellar system that must have formed in the vicinity of the supermassive black hole," explains co-author Michal Zajacek, a researcher at Masaryk University, Czechia, and the University of Cologne.

The newly discovered binary was found in a dense cluster of stars and other objects orbiting Sagittarius A*, called the S cluster. Most enigmatic in this cluster are the G objects, which behave like stars but look like clouds of gas and dust.

It was during their observations of these mysterious objects that the team found a surprising pattern in D9. The data obtained with the VLT's ERIS instrument, combined with archival data from the SINFONI instrument, revealed recurring variations in the velocity of the star, indicating D9 was actually two stars orbiting each other. "I thought that my analysis was wrong," Peissker says, "but the spectroscopic pattern covered about 15 years, and it was clear this detection is indeed the first binary observed in the S cluster."

The results shed new light on what the mysterious G objects could be. The team proposes that they might actually be a combination of binary stars that have not yet merged and the leftover material from already merged stars.

The precise nature of many of the objects orbiting Sagittarius A*, as well as how they could have formed so close to the supermassive black hole, remain a mystery. But soon, the GRAVITY+ upgrade to the VLT Interferometer and the METIS instrument on ESO's Extremely Large Telescope (ELT), under construction in Chile, could change this. Both facilities will allow the team to carry out even more detailed observations of the Galactic centre, revealing the nature of known objects and undoubtedly uncovering more binary stars and young systems. "Our discovery lets us speculate about the presence of planets, since these are often formed around young stars. It seems plausible that the detection of planets in the Galactic centre is just a matter of time," concludes Peissker.
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Study finds lower rates of death from Alzheimer's disease among taxi and ambulance drivers | ScienceDaily
A new study raises the possibility that jobs that require frequent spatial processing -- such as figuring out a taxi route or the best way to navigate to a hospital -- could lead to lower rates of death from Alzheimer's disease. Researchers from Mass General Brigham investigated this possibility by using national data on the occupations of people who had died to evaluate risk of death from Alzheimer's disease across 443 professions. They found that taxi driving and ambulance driving were associated with a lower rate of death from Alzheimer's disease compared to other professions. Results are published in BMJ. 


						
"The same part of the brain that's involved in creating cognitive spatial maps -- which we use to navigate the world around us -- is also involved in the development of Alzheimer's disease," said lead author Vishal Patel, MD, MPH, a resident physician in the Department of Surgery at Brigham and Women's Hospital. "We hypothesized that occupations such as taxi driving and ambulance driving, which demand real-time spatial and navigational processing, might be associated with a reduced burden of Alzheimer's disease mortality compared with other occupations."

Patel and colleagues at Brigham and Women's Hospital and Massachusetts General Hospital, the founding members of the Mass General Brigham healthcare system, analyzed death from the National Vital Statistics System for adults from 443 different occupations between January 1, 2020 and December 31, 2022. The team looked at sociodemographic information, including age, sex, race, ethnicity, and educational attainment, in addition to the occupation that the person engaged in for most of their working life.

Of nearly 9 million people included in the study from across all occupations, 3.88% (348,328) died from Alzheimer's disease. Among taxi drivers, 1.03% (171/16,658) died from Alzheimer's disease, while among ambulance drivers, the rate was 0.74% (10/1348). After adjustment, ambulance drivers (0.91%) and taxi drivers (1.03%) had the lowest proportion of deaths due to Alzheimer's disease of all occupations examined. This trend was not observed in other transportation related jobs that use predetermined routes, such as bus drivers (3.11%) or aircraft pilots (4.57%), that are less reliant on real time spatial and navigational processing. The trend was not seen for other types of dementia.

"Our results highlight the possibility that neurological changes in the hippocampus or elsewhere among taxi and ambulance drivers may account for the lower rates of Alzheimer's disease," said senior author Anupam B. Jena, MD, PhD, a physician in the Department of Medicine at Massachusetts General Hospital.

The authors note that this is an observational study, so no firm conclusions can be drawn about cause and effect. And the authors acknowledge limitations, including that individuals who are at higher risk of developing Alzheimer's disease may be less likely to enter or remain in memory intensive driving occupations such as taxi and ambulance driving. However, they say this is unlikely given that Alzheimer's disease symptoms typically develop after working age.

"We view these findings not as conclusive, but as hypothesis-generating," said Jena. "But they suggest that it's important to consider how occupations may affect risk of death from Alzheimer's disease and whether any cognitive activities can be potentially preventive."
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Naughty or Nice? Many parents rely on threats to manage misbehavior -- from no dessert to no Santa | ScienceDaily
When young children's behavior becomes challenging, many parents resort to threats -- from taking away toys to threatening that Santa will skip their house, a national poll suggests.


						
Parents of children ages three to five were most likely to say they use threats to address misbehavior -- with a fourth threatening their child with no Santa or gifts -- according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

Many parents have also threatened to leave an activity or place, take away toys or not get dessert while nearly half of parents polled have used bribes.

"Discipline helps young children learn what behaviors are safe and appropriate and can play a crucial role in helping them learn the difference between right and wrong," said Mott pediatrician and Mott Poll co-director Susan Woolford, M.D.

"Empty threats, however, undermine trust and credibility and aren't usually effective. Positive reinforcement and consistent discipline are more likely to shape long term behavior."

Consistency is key

While half of parents rate themselves as very consistent in disciplining their child, many admit struggling with consistency, according to the nationally representative report based on 725 responses from parents with at least one child ages one to five surveyed in August.




Top challenges include a child being too young to understand, strategies not always working and parents trying to prevent a public tantrum.

Nearly a fourth of parents also say they get too irritated when their child misbehaves, react before remembering their strategies or are too tired to be consistent.

"It can be difficult to have a consistent approach to discipline without consideration and planning -- and even then, consistency can be difficult, especially when parents are tired, distracted, or feeling overwhelmed," Woolford said.

"It's important for parents to plan ahead and be on the same page with discipline strategies to provide a foundation for understanding expectations and prevent sending mixed signals about boundaries."

Parents may need guidance finding the best discipline strategies

Parents weren't always sure whether their discipline strategies worked, with about two fifths saying they're very effective and three in five believing they're somewhat effective.




Most parents polled also reported getting input about discipline strategies from several sources, with many turning to the child's other parent, talking with family and friends or using parenting books, articles and social media.

Meanwhile, less than a fifth of parents have discussed discipline with a healthcare provider and one in eight parents say they haven't thought about their discipline strategies.

Some parents polled also admitted using discipline strategies that aren't recommended by experts, with two in five sometimes spanking -- which evidence suggests may lead to defiance and be linked to increased aggression in preschoolers and school aged children.

"Parents should avoid the temptation to rely on tactics that might yield short-term compliance but have negative effects later on," Woolford said.

"Discipline strategies should be appropriate for the child's age and developmental level."

For children ages one to two, for example, distraction and redirection are often most effective, Woolford says, noting that children this young are exploring their environment and willful misbehavior is rare. Parents of children in this age group polled were also more likely to redirect behavior as a strategy.

But after age two, children understand their actions can cause a reaction from others and may increasingly test that out. Parents of children ages three to five polled were more likely to use warnings, speak firmly, and give timeouts.

During these preschool ages, Woolford says, strategies should emphasize logical consequences to misbehavior. For instance, if a child spills a drink out of anger, an appropriate punishment would be to have them clean up the mess while an unrelated punishment will be less effective.

"Consequences should be immediate, so the child understands the connection with their misbehavior," she said.

She adds that since children respond differently to various discipline methods, parents should try to be flexible.

"As children grow, their responses to discipline will also change, so parents should adapt their strategies and stay open to new approaches," she said.

"Balancing correction with positive reinforcement -- like praise and rewards -- helps children build self-esteem while learning from their mistakes."
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Does the exoplanet Trappist-1 b have an atmosphere after all? | ScienceDaily
Recent measurements with the James Webb Space Telescope (JWST) cast doubt on the current understanding of the exoplanet Trappist-1 b's nature. Until now, it was assumed to be a dark rocky planet without an atmosphere, shaped by a billion-year-long cosmic impact of radiation and meteorites. The opposite appears to be true. The surface shows no signs of weathering, which could indicate geological activity such as volcanism and plate tectonics. Alternatively, a planet with a hazy atmosphere composed of carbon dioxide is also viable. The results demonstrate the challenges of determining the properties of exoplanets with thin atmospheres.


						
Trappist-1 b is one of seven rocky planets orbiting the star Trappist-1, located 40 light-years away. The planetary system is unique because it allows astronomers to study seven Earth-like planets from relatively close range, with three of them in the so-called habitable zone. This is the area in a planetary system where a planet could have liquid water on the surface. To date, ten research programmes have targeted this system with the James Webb Space Telescope (JWST) for 290 hours.

The current study, in which researchers from the Max Planck Institute for Astronomy (MPIA) in Heidelberg are significantly involved, was led by Elsa Ducrot from the Commissariat aux Energies Atomiques (CEA) in Paris, France. This study uses measurements of the thermal infrared radiation -- essentially heat radiation -- of the planet Trappist-1 b with MIRI (Mid-Infrared Imager) at the JWST and has now been published in the journal Nature Astronomy. It includes the results from last year, on which the previous conclusions were based, which describe Trappist-1 b as a dark rocky planet without an atmosphere.

The crust of Trappist-1 b could be geologically active

'However, the idea of a rocky planet with a heavily weathered surface without an atmosphere is inconsistent with the current measurement,' says MPIA astronomer Jeroen Bouwman, who was jointly responsible for the observation programme. 'Therefore, we think the planet is covered with relatively unchanged material.' Usually, the surface is weathered by the radiation of the central star and impacts from meteorites. However, the results suggest that the rock on the surface is at most about 1000 years old, significantly less than the planet itself, which is estimated to date back several billion years.

This could indicate that the planet's crust is subject to dramatic changes, which could be explained by extreme volcanism or plate tectonics. Even if such a scenario is currently still hypothetical, it is nevertheless plausible. The planet is large enough that its interior may have retained residual heat from its formation -- as with Earth. The tidal effect of the central star and the other planets may also deform Trappist-1 b so that the resulting internal friction generates heat -- similar to what we see in Jupiter's moon Io. In addition, inductive heating by the magnetic field of the nearby star would be conceivable.

Could Trappist-1 b possibly have an atmosphere after all?

'The data also allow for an entirely different solution,' says Thomas Henning, emeritus director of the MPIA. He was one of the principal architects of the MIRI instrument. 'Contrary to previous ideas, there are conditions under which the planet could have a thick atmosphere rich in carbon dioxide (CO2),' he adds. A key role in this scenario is haze from hydrocarbon compounds, i.e. smog, in the upper atmosphere.




The two observational programmes, which complement each other in the current study, were designed to measure the brightness of Trappist-1 b at different wavelengths in the thermal infrared range (12.8 and 15 micrometres). The first observation was sensitive to the absorption of the planet's infrared radiation by a layer of CO2. However, no dimming was measured, leading the researchers to conclude that the planet has no atmosphere.

The research team performed model calculations that show that haze can reverse the temperature stratification of a CO2-rich atmosphere. Typically, the lower, ground-level layers are warmer than the upper ones because of the higher pressure. As the haze absorbs the starlight and warms up, it would instead heat the upper atmospheric layers, supported by a greenhouse effect. As a result, the carbon dioxide there emits infrared radiation itself.

We see something similar happening on Saturn's moon Titan. Its haze layer most likely forms there under the influence of the sun's ultraviolet (UV) radiation from the carbon-rich gases in the atmosphere. A similar process may occur on Trappist-1 b due to its star emitting substantial UV radiation.

It's complicated.

Even if the data fit this scenario, the astronomers still consider it less likely by comparison. On the one hand, it is more difficult, though not impossible, to produce hydrocarbon compounds that form a haze from an atmosphere rich in CO2. Titan's atmosphere, however, consists mainly of methane. On the other hand, the problem remains that the active red dwarf stars, which include Trappist-1, produce radiation and winds that can easily erode the atmospheres of nearby planets over billions of years.

Trappist-1 b is a vivid example of how difficult it currently is to detect and determine the atmospheres of rocky planets -- even for the JWST. They are thin compared to gas planets and produce only weak measurable signatures. The two observations to study Trappist-1 b, which provided brightness values at two wavelengths, lasted almost 48 hours, which was not enough to determine beyond doubt whether the planet has an atmosphere.




Eclipses and occultations as a tool

The observations took advantage of the slight inclination of the planet's plane to our line of sight to Trappist-1. This orientation causes the seven planets to pass before the star and dim it slightly during each orbit. Consequently, this results in learning about the planets' nature and atmospheres in several ways.

So-called transit spectroscopy has proven to be a reliable method. This involves measuring the dimming of a star by its planet, depending on the wavelength. In addition to the occultation by the opaque planetary body, from which astronomers determine the planet's size, the atmospheric gases absorb the starlight at specific wavelengths. From this, they can deduce whether a planet has an atmosphere and what it consists of. Unfortunately, this method has disadvantages, especially for planetary systems like Trappist-1. Cool, red dwarf stars often exhibit large starspots and strong eruptions, significantly affecting the measurement.

Astronomers largely circumvent this problem by instead observing the side of an exoplanet heated by the star in the thermal infrared light, as in the current study with Trappist-1 b. The bright dayside is particularly easy to see just before and after the planet vanishes behind the star. The infrared radiation the planet releases contains information about its surface and atmosphere. However, such observations are more time-consuming than transit spectroscopy.

Given the potential of these so-called secondary eclipse measurements, NASA has recently approved an extensive observation programme to study the atmospheres of rocky planets around nearby, low-mass stars. This extraordinary programme, ' Rocky Worlds', includes 500 hours of observation with the JWST.

Certainty about Trappist-1 b

The research team expects to be able to obtain definitive confirmation using another observation variant. It records the planet's complete orbit around the star, including all illumination phases from the dark night side when passing in front of the star to the bright dayside shortly before and after being covered by the star. This approach will allow the team to create a so-called phase curve indicating the planet's brightness variation along its orbit. As a result, the astronomers can deduce the planet's surface temperature distribution.

The team has already carried out this measurement with Trappist-1 b. By analysing how the heat is distributed on the planet, they can deduce the presence of an atmosphere. This is because an atmosphere helps to transport heat from the day side to the night side. If the temperature changes abruptly at the transition between the two sides, this indicates the absence of an atmosphere.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241216130034.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Butchered bones suggest violent 'othering' of enemies in Bronze Age Britain | ScienceDaily
Archaeologists have analysed over 3000 human bones and bone fragments from the Early Bronze Age site of Charterhouse Warren, England, concluding that the people were massacred, butchered, and likely partly consumed by enemies as a means to dehumanise them.


						
There have been hundreds of human skeletons found in Britain dating between c.2500-1500 cal. BC, however direct evidence for violent conflict is rare.

"We actually find more evidence for injuries to skeletons dating to the Neolithic period in Britain than the Early Bronze Age, so Charterhouse Warren stands out as something very unusual," states lead author of the research, Professor Rick Schulting from the University of Oxford. "It paints a considerably darker picture of the period than many would have expected."

In the 1970s, the scattered bones of at least 37 individuals were discovered in a 15m-deep shaft at Charterhouse Warren, Somerset. They were a mix of men, women, and children, suggesting the assemblage was representative of a community.

Unlike most contemporary burials, the skulls display evidence of violent death from blunt force trauma. To uncover the mystery of what happened to these people, researchers from several European institutions analysed the bones. Their results are published in the journal Antiquity.

The researchers found numerous cutmarks and perimortem fractures (made around the time of death) on the bones, suggesting that they were intentionally butchered and may have been partly consumed. But why would people in Early Bronze Age Britain cannibalise the dead?

At the nearby Palaeolithic site of Gough's Cave in Cheddar Gorge, cannibalism was likely a form of funerary ritual. Charterhouse Warren is different, however. Evidence for violent death, with no indication of a fight, implies the victims were taken by surprise. It is probable they were all massacred, and the butchery was carried out by their enemies.




Were they killed for food? This is unlikely. There were abundant cattle bones found mixed in with the human ones, suggesting the people at Charterhouse Warren had plenty to eat without needing to resort to cannibalism.

Instead, cannibalism may have been a way to 'other' the deceased. By eating their flesh and mixing the bones in with faunal remains, the killers were likening their enemies to animals, thereby dehumanising them.

What events led to this dramatic act of violence? Resource competition and climate change don't seem to have exacerbated conflict in Britain at this time, and there is currently no genetic evidence to suggest the co-existence of communities with different ancestries that could have resulted in ethnic conflict.

This suggests that the conflict was caused by social factors. Perhaps theft or insults led to tensions, which escalated out of proportion. Evidence for infection with plague in the teeth of two children indicates disease may have also exacerbated tensions.

"The finding of evidence of the plague in previous research by colleagues from The Francis Crick Institute was completely unexpected," says Professor Schulting. "We're still unsure whether, and if so how, this is related to the violence at the site."

Ultimately, the findings paint a picture of a prehistoric people for whom perceived slights and cycles of revenge could result in disproportionally violent actions. This situation is, unfortunately, familiar from more recent times.

"Charterhouse Warren is one of those rare archaeological sites that challenges the way we think about the past," Professor Schulting concludes. "It is a stark reminder that people in prehistory could match more recent atrocities and shines a light on a dark side of human behaviour. That it is unlikely to have been a one-off event makes it even more important that its story is told."
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Astrophysicists capture astonishing images of gamma-ray flare from supermassive black hole M87 | ScienceDaily
The first-ever photo of a black hole rocked the world in 2019, when the Event Horizon Telescope, or EHT, published an image of the supermassive black hole at the center of the galaxy M87, also known as Virgo A or NGC 4486, located in the constellation of Virgo. This black hole is surprising scientists again with a teraelectronvolt gamma-ray flare -- emitting photons billions of times more energetic than visible light. Such an intense flare has not been observed in over a decade, offering crucial insights into how particles, such as electrons and positrons, are accelerated in the extreme environments near black holes.


						
The jet coming out of the center of M87 is seven orders of magnitude -- tens of millions of times -- larger than the event horizon, or surface of the black hole itself. The bright burst of high-energy emission was well above the energies typically detected by radio telescopes from the black hole region. The flare lasted about three days and probably emerged from a region less than three light-days in size, or a little under 15 billion miles.

A gamma ray is a packet of electromagnetic energy, also known as a photon. Gamma rays have the most energy of any wavelength in the electromagnetic spectrum and are produced by the hottest and most energetic environments in the universe, such as regions around black holes. The photons in M87's gamma ray flare have energy levels up to a few teraelectronvolts. Teraelectronvolts are used to measure the energy in subatomic particles and are equivalent to the energy of a mosquito in motion. This is a huge amount of energy for particles that are many trillion times smaller than a mosquito. Photons with several teraelectronvolts of energy are vastly more energetic than the photons that make up visible light.

As matter falls toward a black hole, it forms an accretion disk where particles are accelerated due to the loss of gravitational potential energy. Some are even redirected away from the black hole's poles as a powerful outflow, called "jets," driven by intense magnetic fields. This process is irregular, which often causes a rapid energy outburst called a "flare." However, gamma rays cannot penetrate Earth's atmosphere. Nearly 70 years ago, physicists discovered that gamma rays can be detected from the ground by observing the secondary radiation generated when they strike the atmosphere.

"We still don't fully understand how particles are accelerated near the black hole or within the jet," said Weidong Jin, a postdoctoral researcher at UCLA and a corresponding author of a paper describing the findings published by an international team of authors in Astronomy & Astrophysics. "These particles are so energetic, they're traveling near the speed of light, and we want to understand where and how they gain such energy. Our study presents the most comprehensive spectral data ever collected for this galaxy, along with modeling to shed light on these processes."

Jin contributed to analysis of the highest energy part of the dataset, called the very-high-energy gamma rays, which was collected by VERITAS -- a ground-based gamma-ray instrument operating at the Fred Lawrence Whipple Observatory in southern Arizona. UCLA played a major role in the construction of VERITAS -- short for Very Energetic Radiation Imaging Telescope Array System -- participating in the development of the electronics to read out the telescope sensors and in the development of computer software to analyze the telescope data and to simulate the telescope performance. This analysis helped detect the flare, as indicated by large luminosity changes that are a significant departure from the baseline variability.

More than two dozen high-profile ground- and space-based observational facilities, including NASA's Fermi-LAT, Hubble Space Telescope, NuSTAR, Chandra and Swift telescopes, together with the world's three largest imaging atmospheric Cherenkov telescope arrays (VERITAS, H.E.S.S. and MAGIC) joined this second EHT and multi-wavelength campaign in 2018. These observatories are sensitive to X-ray photons as well as high-energy and very-high-energy gamma-rays, respectively.




One of the key datasets used in this study is called spectral energy distribution.

"The spectrum describes how energy from astronomical sources, like M87, is distributed across different wavelengths of light," Jin said. "It's like breaking the light into a rainbow and measuring how much energy is present in each color. This analysis helps us uncover the different processes that drive the acceleration of high-energy particles in the jet of the supermassive black hole."

Further analysis by the paper's authors found a significant variation in the position and angle of the ring, also called the event horizon, and the jet position. This suggests a physical relationship between the particles and the event horizon, at different size scales, influences the jet's position.

"One of the most striking features of M87's black hole is a bipolar jet extending thousands of light years from the core," Jin said. "This study provided a unique opportunity to investigate the origin of the very-high-energy gamma-ray emission during the flare, and to identify the location where the particles causing the flare are being accelerated. Our findings could help resolve a long-standing debate about the origins of cosmic rays detected on Earth."
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New device produces critical fertilizer ingredient from thin air, cutting carbon emissions | ScienceDaily
A new prototype device demonstrates an innovative approach to producing ammonia -- a key component of fertilizer -- that could transform an industry responsible for about one-third of global greenhouse gas emissions.


						
The air around us contains a powerful solution for making agriculture more sustainable. Researchers at Stanford University and King Fahd University of Petroleum and Minerals in Saudi Arabia have developed a prototype device that can produce ammonia -- a key fertilizer ingredient -- using wind energy to draw air through a mesh. The approach they developed, if perfected, might eliminate the need for a century-old method that produces ammonia by combining nitrogen and hydrogen at high pressures and temperatures. The older method consumes 2% of global energy and contributes 1% of annual carbon dioxide emissions from its reliance on natural gas.

The study, published Dec. 13 in Science Advances, involved the first on-site -- rather than in a lab -- demonstration of the technology. The researchers envision someday integrating the device into irrigation systems, enabling farmers to generate fertilizer directly from the air.

"This breakthrough allows us to harness the nitrogen in our air and produce ammonia sustainably," said study senior author Richard Zare, the Marguerite Blake Wilbur Professor in Natural Science in the Stanford School of Humanities and Sciences. "It's a significant step toward a decentralized and eco-friendly approach to agriculture."

A cleaner alternative

In preparation for designing their device, the researchers studied how different environmental factors -- like humidity, wind speed, salt levels, and acidity -- affect ammonia production. They also looked at how the size of water droplets, the concentration of the solution, and the contact of water with materials that do not dissolve in water impact the process. Lastly, they tested the best mix of iron oxide and an acid polymer with fluorine and sulfur to determine the ideal conditions for producing ammonia and understand how these catalyst materials interact with water droplets.

The Stanford team's process makes ammonia cleanly and inexpensively and utilizes the surrounding air to get nitrogen and hydrogen from water vapor. By passing air through a mesh coated with catalysts to facilitate the necessary reaction, the researchers produced enough ammonia with a sufficiently high concentration to serve as a hydroponic fertilizer in greenhouse settings. Unlike traditional methods, the new technique operates at room temperature and standard atmospheric pressure, requiring no external voltage source to be attached to the mesh. Farmers could run the portable device onsite, eliminating the need to purchase and ship fertilizer from a manufacturer.




"This approach significantly reduces the carbon footprint of ammonia production," said study lead author Xiaowei Song, a chemistry research scientist at Stanford.

In laboratory experiments, the team demonstrated further potential by recycling water through a spraying system, achieving ammonia concentrations sufficient to fertilize plants grown in a greenhouse after just two hours. By incorporating a filter made from a microporous stone material, this approach could produce enough ammonia to support broader agricultural applications.

A future without fossil fuels

The device is two to three years away from being market-ready, according to study co-author Chanbasha Basheer of King Fahd University of Petroleum and Minerals. In the meantime, the researchers plan to use increasingly large mesh systems to produce more ammonia. "There is a lot of room to develop this," Basheer said.

Ammonia's importance extends beyond fertilizers. As a clean energy carrier, it can store and transport renewable energy more efficiently than hydrogen gas due to its higher energy density. The innovation positions ammonia as a linchpin in decarbonizing industries like shipping and power generation.

"Green ammonia represents a new frontier in sustainability," Zare said. "This method, if it can be scaled up economically, could drastically reduce our reliance on fossil fuels across multiple sectors."

 The study was funded by the U.S. Air Force Office of Scientific Research and King Fahd University of Petroleum and Minerals.
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Heart of Jovian moon's volcanic rage | ScienceDaily
Scientists with NASA's Juno mission to Jupiter have discovered that the volcanoes on Jupiter's moon Io are each likely powered by their own chamber of roiling hot magma rather than an ocean of magma. The finding solves a 44-year-old mystery about the subsurface origins of the moon's most demonstrative geologic features.


						
A paper on the source of Io's volcanism was published on Thursday, Dec. 12, in the journal Nature, and the findings, as well as other Io science results, were discussed during a media briefing in Washington at the American Geophysical Union's annual meeting, the country's largest gathering of Earth and space scientists.

About the size of Earth's Moon, Io is known as the most volcanically active body in our solar system. The moon is home to an estimated 400 volcanoes, which blast lava and plumes in seemingly continuous eruptions that contribute to the coating on its surface.

Although the moon was discovered by Galileo Galilei on Jan. 8, 1610, volcanic activity there wasn't discovered until 1979, when imaging scientist Linda Morabito of NASA's Jet Propulsion Laboratory in Southern California first identified a volcanic plume in an image from the agency's Voyager 1 spacecraft.

"Since Morabito's discovery, planetary scientists have wondered how the volcanoes were fed from the lava underneath the surface," said Scott Bolton, Juno principal investigator from the Southwest Research Institute in San Antonio. "Was there a shallow ocean of white-hot magma fueling the volcanoes, or was their source more localized? We knew data from Juno's two very close flybys could give us some insights on how this tortured moon actually worked."

The Juno spacecraft made extremely close flybys of Io in December 2023 and February 2024, getting within about 930 miles (1,500 kilometers) of its pizza-faced surface. During the close approaches, Juno communicated with NASA's Deep Space Network, acquiring high-precision, dual-frequency Doppler data, which was used to measure Io's gravity by tracking how it affected the spacecraft's acceleration. What the mission learned about the moon's gravity from those flybys led to the new paper by revealing more details about the effects of a phenomenon called tidal flexing.

Prince of Jovian Tides

Io is extremely close to mammoth Jupiter, and its elliptical orbit whips it around the gas giant once every 42.5 hours. As the distance varies, so does Jupiter's gravitational pull, which leads to the moon being relentlessly squeezed. The result: an extreme case of tidal flexing -- friction from tidal forces that generates internal heat.




"This constant flexing creates immense energy, which literally melts portions of Io's interior," said Bolton. "If Io has a global magma ocean, we knew the signature of its tidal deformation would be much larger than a more rigid, mostly solid interior. Thus, depending on the results from Juno's probing of Io's gravity field, we would be able to tell if a global magma ocean was hiding beneath its surface."

The Juno team compared Doppler data from their two flybys with observations from the agency's previous missions to the Jovian system and from ground telescopes. They found tidal deformation consistent with Io not having a shallow global magma ocean.

"Juno's discovery that tidal forces do not always create global magma oceans does more than prompt us to rethink what we know about Io's interior," said lead author Ryan Park, a Juno co-investigator and supervisor of the Solar System Dynamics Group at JPL. "It has implications for our understanding of other moons, such as Enceladus and Europa, and even exoplanets and super-Earths. Our new findings provide an opportunity to rethink what we know about planetary formation and evolution."

There's more science on the horizon. The spacecraft made its 66th science flyby over Jupiter's mysterious cloud tops on Nov. 24. Its next close approach to the gas giant will occur 12:22 a.m. EST, Dec. 27. At the time of perijove, when Juno's orbit is closest to the planet's center, the spacecraft will be about 2,175 miles (3,500 kilometers) above Jupiter's cloud tops and will have logged 645.7 million miles (1.039 billion kilometers) since entering the gas giant's orbit in 2016.
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Planets form through domino effect | ScienceDaily
New radio astronomy observations of a planetary system in the process of forming show that once the first planets form close to the central star, these planets can help shepherd the material to form new planets farther out. In this way each planet helps to form the next, like a line of falling dominos each triggering the next in turn.


						
To date over 5000 planetary systems have been identified. More than 1000 of those systems have been confirmed to host multiple planets. Planets form in clouds of gas and dust known as protoplanetary disks around young stars. But the formation process of multi-planet systems, like our own Solar System, is still poorly understood.

The best example object to study multi-planet system formation is a young star known as PDS 70, located 367 light years away in the direction of the constellation Centaurus. This is the only celestial object where already-formed planets have been confirmed within a protoplanetary disk by optical and infrared observations (First Confirmed Image of Newborn Planet Caught with ESO's VLT (ESO) ). Previous radio wave observations with the Atacama Large Millimeter/submillimeter Array (ALMA) revealed a ring of dust grains outside the orbits of the two known planets. But those observations could not see into the ring to observe the details.

In this research, an international team led by Kiyoaki Doi, formerly a Ph.D. student at the National Astronomical Observatory of Japan (NAOJ)/the Graduate University for Advanced Studies, SOKENDAI and currently a postdoctoral fellow at the Max Planck Institute for Astronomy, performed high-resolution observations of the protoplanetary disk around PDS 70. The team again used ALMA, but observed at a longer wavelength of radio waves. This is because longer wavelengths are better for peering into the dusty cloud of the protoplanetary disk.

The new ALMA observations clearly show a concentration of dust grains to the north-west (upper right) in the ring outside the orbits of the two existing planets. The location of this dust clump suggests that the already-formed planets interact with the surrounding disk, concentrating dust grains into a narrow region at the outer edge of their orbits. These clumped dust grains are thought to grow into a new planet. This work observationally shows that the formation of planetary systems, like the Solar System, can be explained by the sequential formation of the planets from inside to outside by the repetition of this process; like a line of falling dominos, each one triggering the next.

New radio astronomy observations of a planetary system in the process of forming show that once the first planets form close to the central star, these planets can help shepherd the material to form new planets farther out. In this way each planet helps to form the next, like a line of falling dominos each triggering the next in turn.

To date over 5000 planetary systems have been identified. More than 1000 of those systems have been confirmed to host multiple planets. Planets form in clouds of gas and dust known as protoplanetary disks around young stars. But the formation process of multi-planet systems, like our own Solar System, is still poorly understood.

The best example object to study multi-planet system formation is a young star known as PDS 70, located 367 light years away in the direction of the constellation Centaurus. This is the only celestial object where already-formed planets have been confirmed within a protoplanetary disk by optical and infrared observations (First Confirmed Image of Newborn Planet Caught with ESO's VLT (ESO) ). Previous radio wave observations with the Atacama Large Millimeter/submillimeter Array (ALMA) revealed a ring of dust grains outside the orbits of the two known planets. But those observations could not see into the ring to observe the details.

In this research, an international team led by Kiyoaki Doi, formerly a Ph.D. student at the National Astronomical Observatory of Japan (NAOJ)/the Graduate University for Advanced Studies, SOKENDAI and currently a postdoctoral fellow at the Max Planck Institute for Astronomy, performed high-resolution observations of the protoplanetary disk around PDS 70. The team again used ALMA, but observed at a longer wavelength of radio waves. This is because longer wavelengths are better for peering into the dusty cloud of the protoplanetary disk.

The new ALMA observations clearly show a concentration of dust grains to the north-west (upper right) in the ring outside the orbits of the two existing planets. The location of this dust clump suggests that the already-formed planets interact with the surrounding disk, concentrating dust grains into a narrow region at the outer edge of their orbits. These clumped dust grains are thought to grow into a new planet. This work observationally shows that the formation of planetary systems, like the Solar System, can be explained by the sequential formation of the planets from inside to outside by the repetition of this process; like a line of falling dominos, each one triggering the next.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241213125457.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study sheds light on the origin of the genetic code | ScienceDaily
Despite awe-inspiring diversity, nearly every lifeform -- from bacteria to blue whales -- shares the same genetic code. How and when this code came about has been the subject of much scientific controversy.


						
Taking a fresh approach at an old problem, Sawsan Wehbi, a doctoral student in the Genetics Graduate Interdisciplinary Program at the University of Arizona, discovered strong evidence that the textbook version of how the universal genetic code evolved needs revision. Wehbi is the first author of a study published in the journal PNAS suggesting the order with which amino acids -- the code's building blocks -

were recruited is at odds with what is widely considered the "consensus" of genetic code evolution.

"The genetic code is this amazing thing in which a string of DNA or RNA containing sequences of four nucleotides is translated into protein sequences using 20 different amino acids," said Joanna Masel, the paper's senior author and aprofessor of ecology and evolutionary biology at the U of A. "It's a mind-bogglingly complicated process, and our code is surprisingly good. It's nearly optimal for a whole bunch of things, and it must have evolved in stages."

The study revealed that early life preferred smaller amino acid molecules over larger and more complex ones, which were added later, while amino acids that bind to metals joined in much earlier than previously thought. Finally, the team discovered that today's genetic code likely came after other codes that have since gone extinct.

The authors argue that the current understanding of how the code evolved is flawed because it relies on misleading laboratory experiments rather than evolutionary evidence. For example, one of the cornerstones of conventional views of genetic code evolution rests on the famous Urey-Miller experiment of 1952, which attempted to simulate the conditions on early Earth that likely witnessed the origin of life.

While valuable in demonstrating that nonliving matter could give rise to life's building blocks, including amino acids, through simple chemical reactions, the experiment's implications have been called into question. For example, it did not yield any amino acids containing sulfur, despite the element being abundant on early Earth. As a result, sulfuric amino acids are believed to have joined the code much later. However, the result is hardly surprising, considering that sulfur was omitted from the experiment's ingredients.




According to co-author Dante Lauretta, Regents Professor of Planetary Science and Cosmochemistry at the U of A Lunar and Planetary Laboratory, early life's sulfur-rich nature offers insights for astrobiology, particularly in understanding the potential habitability and biosignatures of extraterrestrial environments.

"On worlds like Mars, Enceladus and Europa, where sulfur compounds are prevalent, this could inform our search for life by highlighting analogous biogeochemical cycles or microbial metabolisms," he said. "Such insights might refine what we look for in biosignatures, aiding the detection of lifeforms that thrive in sulfur-rich or analogous chemistries beyond Earth."

The team used a new method to analyze sequences of amino across the tree of life, all the way back to the last universal common ancestor, or LUCA, a hypothesized population of organisms that lived around 4 billion years ago and represents the shared ancestor of all life on Earth today. Unlike previous studies, which used full-length protein sequences, Wehbi and her group focused on protein domains, shorter stretches of amino acids.

"If you think about the protein being a car, a domain is like a wheel," Wehbi said. "It's a part that can be used in many different cars, and wheels have been around much longer than cars."

To get a handle on when a specific amino acid likely was recruited into the genetic code, the researchers used statistical data analysis tools to compare the enrichment of each individual amino acid in protein sequences dating back to LUCA, and even farther back in time. An amino acid that shows up preferentially in ancient sequences was likely incorporated early on. Conversely, LUCA's sequences are depleted for amino acids that were recruited later but became available by the time less ancient protein sequences emerged.

The team identified more than 400 families of sequences dating back to LUCA. More than 100 of them originated even earlier and had already diversified prior to LUCA. These turned out to contain more amino acids with aromatic ring structures, like tryptophan and tyrosine, despite these amino acids being late additions to our code.

"This gives hints about other genetic codes that came before ours, and which have since disappeared in the abyss of geologic time," Masel said. "Early life seems to have liked rings."
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Overfishing has halved shark and ray populations since 1970 | ScienceDaily

Chondrichthyans are an ancient and ecologically diverse group of over 1,199 fishes that are increasingly threatened by human activities. Overexploitation by target fisheries and incidental capture (bycatch), compounded by habitat degradation, climate change and pollution, has resulted in over one-third of chondrichthyans facing extinction. Here, the RLI was used to track the status of these species over the past 50-years.

"The shark and ray RLI shows how declines first occurred in rivers, estuaries, and nearshore coastal waters before spreading across the oceans and then down into the deep sea," said Professor Nicholas K. Dulvy at Simon Fraser University. "The sequential depletion of the largest and most functionally important species -- such as sawfishes and rhino rays -- was followed by the decline of large stingrays, eagle rays, angel sharks, hammerheads and requiem sharks. Eventually, fisheries turned to deepwater sharks and skates for the liver oil and meat trade."

These widespread documented declines are expected to have significant consequences on other species and aquatic ecosystems.

"Sharks and rays are important predators, and their decline disrupts food webs throughout the Ocean. Larger wide-ranging species connect ecosystems, for example, reef sharks are vital in transferring nutrients from deeper waters to coral reefs, helping to sustain those ecosystems," said Dr. Nathan Pacoureau at the European Institute for Marine Studies, Brest University, France. "Rays, meanwhile, are important foraging animals that mix and oxygenate sediments, influencing marine productivity and carbon storage."

Despite these alarming trends, the team emphasizes the positive development in the appreciation and conservation of sharks and rays.

"This analysis points to solutions" said Professor Colin Simpfendorfer, James Cook University, Australia. "Nations can reduce the extinction risk by lowering fishing pressure to sustainable levels, strengthening fisheries governance, and eliminating harmful subsidies. Progress has already created bright spots of hope for chondrichthyans, including in Australia, Canada, New Zealand, United States, and parts of Europe and South Africa"

"The Red List Index has been a tool used by governments for monitoring conservation progress on land, yet no equivalent existed for the Ocean." said Dr Rima Jabado, Deputy Chair of the IUCN Species Survival Commission (SSC) and Chair of the IUCN SSC Shark Specialist Group. "This new shark and ray RLI will help track progress toward ocean biodiversity and sustainability targets, identify the species and places most at risk and guide future conservation efforts."




The study was completed as part of the Global Shark Trends Project (GSTP), a collaboration of the IUCN Species Survival Commission Shark Specialist Group, Simon Fraser University, James Cook University, and the Georgia Aquarium established with support from the Shark Conservation Fund to assess the extinction risk for chondrichthyan fishes (sharks, rays, and chimaeras). The analysis is based upon the first global reassessment of IUCN Red List Status published in 2021. The team engaged 322 experts through 17 workshops from around the world to complete the 8-year long reassessment.

The Red List Index (RLI) shows trends in overall extinction risk for species, and is used by governments to track their progress towards targets for reducing biodiversity loss. Up to now, the RLI is available for five taxonomic groups only (those in which all species have been assessed at least twice): birds, mammals, amphibians, cycads and warm-water reef-forming corals. The RLI can be disaggregated in various ways: thematic RLIs show trends for subsets of species of particular policy relevance. The RLI can be calculated for individual countries and regions, with each species contributing to the index weighted by the proportion of its global range within the country or region.

Class Chondrichthyes comprises three main lineages: sharks, and rays, and chimaeras (a relatively small group of mainly deepwater species). Chondrichthyans makeup the oldest and largest evolutionary radiation of vertebrates and one of the three taxonomic Classes of fishes. Here we consider 1,199 species from the comprehensive global reassessment, which is the most accurate assessment of the decade.

Starting in the 1990s, the conservation of sharks and rays has been increasingly considered within Regional Fisheries Bodies (including Regional Fisheries Management Organizations) and international wildlife treaties, particularly the Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES). Through various associated actions aimed primarily at ending overexploitation of threatened species, member governments are required to restrict fishing and/or exports to sustainable levels, but the record for fulfilling these commitments has to date been generally poor. To date, deepwater sharks and rays have largely been ignored from these efforts.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241212190115.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New chemical structures show vastly improved carbon capture ability | ScienceDaily
Oregon State University researchers have synthesized new molecules able to quickly capture significant amounts of carbon dioxide from the air, an important tactic in climate change mitigation.


						
The study, which focused on titanium peroxides, builds on their earlier research into vanadium peroxides. The research is part of large-scale federal effort to innovate new methods and materials for direct air capture, or DAC, of carbon dioxide, produced by the burning of fossil fuels.

Findings of the research, led by May Nyman and Karlie Bach of the OSU College of Science, were published today in Chemistry of Materials.

In 2021 Nyman, the Terence Bradshaw Chemistry Professor in the College of Science, was chosen as the leader of one of nine direct air capture projects funded by the Department of Energy through an initial investment of $24 million. Her team is exploring how some transition metal complexes can react with air to remove carbon dioxide and convert it to a metal carbonate, similar to what is found in many naturally occurring minerals.

Transition metals are located near the center of the periodic table and their name arises from the transition of electrons from low energy to high energy states and back again, giving rise to distinctive colors.

Facilities that filter carbon dioxide from the air are still in their infancy. Technologies for mitigating carbon dioxide at the point of entry into the atmosphere, such as at power plants, are more mature. Both types of carbon capture will likely be needed if the Earth is to avoid the worst outcomes of climate change, the scientists say.

At present there are a combined 18 active direct air capture plants operating in the United States, Canada and Europe, with plans for an additional 130 around the globe. Challenges to direct air capture include big costs and high energy requirements compared to working with industrial exhausts. Additionally, the atmosphere's concentration of carbon dioxide, four parts per million, is low, challenging the performance of carbon capture materials.




"We opted to look into titanium as it's 100 times cheaper than vanadium, more abundant, more environmentally friendly and already well established in industrial uses," said Bach, a graduate student in Nyman's lab. "It also is right next to vanadium on the periodic table, so we hypothesized that the carbon capture behavior could be similar enough to vanadium to be effective."

Bach, Nyman and the rest of the research team made several new tetraperoxo titanate structures -- a titanium atom coordinated with four peroxide groups -- that showed varying abilities to scrub carbon dioxide from the air. Tetraperoxo structures tend to be highly reactive because of the peroxide groups, which are potent oxidizing agents.

Related peroxotitanates have been studied for their potential uses in catalysis, environmental chemistry and materials science. However, the tetraperoxotitanates in this study had never been definitively synthesized; Bach was able to use inexpensive materials for high-yield chemical reactions.

"Our favorite carbon capture structure we discovered is potassium tetraperoxo titanate, which is extra unique because it turns out it is also a peroxosolvate," Bach said. "That means that in addition to having the peroxide bonds to titanium, it also has hydrogen peroxide in the structure, which is what we believe makes it so reactive."

The measured carbon capture capacity was about 8.5 millimoles carbon dioxide per gram of potassium tetraperoxo titanate -- roughly double that of vanadium peroxide.

"Titanium is a cheaper, safer material with a significantly higher capacity," Bach said.

Named for the titans of Greek mythology, titanium is as strong as steel but much lighter. It's non-toxic, does not easily corrode and is the ninth most abundant element in the Earth's crust -- found in rocks, soil, plants and even the human body in trace amounts.

Other Oregon State authors on the paper included assistant professors Tim Zuehlsdorff and Konstantinos Goulas, postdoctoral researcher Eduard Garrido Ribo, graduate students Jacob Hirschi, Zhiwei Mao and Makenzie Nord and crystallographer Lev Zakharov, interim manager of OSU's X-Ray Diffraction Facility.

The Murdock Charitable Trust also supported this research through an instrument grant.
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A dial for tuning the immune system: Discovery sheds light on why COVID makes some sicker than others | ScienceDaily

For years, scientists have looked to a critical piece of immune system machinery -- known as the interferon pathway -- for answers. There, when our cells sense an infection, they release a protein known as interferon, which warns other cells to fight the virus.

Studies show that when this signaling goes awry and leads the body to under or overreact, people are more likely to develop severe or Long COVID. Glitches in this pathway have also been implicated in autoimmune diseases and cancer.

But little is known about what, precisely, drives these immunological misfires.

A new CU Boulder study, published Dec. 12 in the journal Cell, sheds light on the subject by identifying what the authors describe as an "immune system tuning dial," which originated as a bug in the genetic code tens of millions of years ago.

"We've discovered that there is an entire class of under-appreciated protein variants that can have an immense impact on our immune function," said senior author Ed Chuong, an assistant professor in the Department of Molecular, Cellular and Developmental Biology and the BioFrontiers Institute.

His lab demonstrated that one particular variant of a protein called IFNAR2 acts like a tuning dial to regulate interferon signaling.




"If we can manipulate this dial to turn the immune system up or down it could have broad therapeutic applications, from infection to autoimmune disorders to cancer."

How evolution turned a bug into a feature

Chuong studies transposons, bits of DNA that infiltrated primate cells as many as 70 million years ago and now make up more than half of the human genome.

Some transposons, known as endogenous retroviruses, got there via ancient viruses. When reawakened, these genetic parasites can help cancer survive and thrive. Others, like the ones explored in the new paper, emerged from the genome itself, like random bugs popping up in a computer program's source code.

"If you think of a gene as a sentence, a transposon is like a word that jumps into the sentence, making the instructions for the cell slightly different," explained first author Giulia Pasquesi, a postdoctoral researcher in Chuong's lab.

Cells normally suppress these bugs, ensuring only the correct version of the gene is spurred into action, so scientists have long viewed them as inert 'junk DNA'.




Pasquesi set out to challenge this assumption, looking for gene variants formed by transposons that were actually important for human immune function.

When she analyzed state-of-the-art genetic sequencing data from human tissues and cells, she found 125 instances across 99 genes.

A break in the antenna

Pasquesi and Chuong focused on a variant of interferon receptor 2 (IFNAR2) -- a critical protein which acts like a cellular antenna for interferon, turning on other genes that fight off infection and cancer. They found that the new "short" variant could sense interferon, but it was missing parts required to transmit the signal.

Surprisingly, it was present in all cells, and often more abundant than the normal protein suggesting it played an important role in immunity.

They followed up with laboratory studies using cells with different combinations of the two IFNAR2 varieties. They exposed them to immune challenges, including viral infections, finding that the short variant acted as a "decoy" that interferes with normal IFNAR2 signaling. When they removed the short variant from the genome, cells became much more sensitive to interferon, with stronger immune responses against viruses including SARS-CoV-2 and dengue virus.

The findings suggest that the balance between IFNAR2 variants acts as a "tuning dial" for controlling the strength of immune signaling, and this can vary from person to person. Individuals who express abnormally high levels of the variant might be more susceptible to severe infections, while people expressing low levels may have chronic inflammation, autoimmune issues like psoriasis or irritable bowel syndrome, or Long COVID.

"Different individuals are well known to exhibit differences in their immune responses, but the reasons why are still poorly understood. We've uncovered a new control dial that could be behind some of this variation," said Chuong.

The team has filed for a provisional patent and begun developing and testing compounds to therapeutically target the dial.

Bigger picture, they believe that the story of IFNAR2 is the tip of the iceberg, and many other immune functions may be regulated by these long-ignored genomic hitchhikers.

"Our findings suggest that looking into the dark corners of the genome is key to making new discoveries to improve human health," said Chuong.
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How the dirt under our feet could affect human health | ScienceDaily
Soil plays a much bigger role in the spread of antibiotic resistance than one might imagine.


						
Surprisingly, the ground beneath us is packed with antibiotic resistance genes (ARGs) -- tiny codes that allow bacteria to resist antibiotics. Human activities, such as pollution and changing land use, can disturb soil ecosystems and make it easier for resistance genes to transfer from soil bacteria and infect humans.

Jingqiu Liao, assistant professor in civil and environmental engineering, is on a mission to understand how soil bacteria contribute to the growing global issue of antibiotic resistance through a study recently published in Nature Communications. Her team's findings show that once bacteria acquire these resistant genes, they can be rapidly transmitted to other species as well, making this such a pressing public health threat.

Understanding these patterns can help scientists find ways to control the spread of antibiotic resistance, protecting human health and preserving the effectiveness of antibiotics for future generations.

Why antibiotic resistance in soil matters

Soil isn't just dirt -- it's a bustling ecosystem filled with bacteria. Some of these bacteria naturally carry ARGs, which help them fight off antibiotics. While this might not seem like a big deal at first, it becomes dangerous when these ARGs end up in harmful bacteria that infect humans.

One such bacterium is Listeria monocytogenes. This soil dweller can make its way into the food chain and cause a serious illness called listeriosis. For people with weakened immune systems, listeriosis can be deadly, with fatality rates as high as 20 to 30 percent. Because of its ability to spread ARGs and infect humans, listeria is an important model for studying how antibiotic resistance develops in soil and spreads to other environments.




"Soil is an important reservoir of resistant bacteria and ARGs," Liao said. "Environmental factors can amplify ARGs by creating conditions that promote the survival, spread, and exchange of these genes among bacteria. The ecological and evolutionary mechanisms underlying the dynamics of ARGs in soils remain inadequately explored. In this project, we use listeriaas a key model to understand the emergence and development of ARGs in soils."

Using listeria to study resistance

Liao's team includes several students along with:
    	Ying-Xian Goh, doctoral student and lead author
    	Amy Pruden, University Distinguished Professor, civil and environmental engineering
    	Leigh-Anne Krometis, professor, biological systems engineering
    	Hailong Zhang, assistant professor, business information technology
    	Monica Ponder, professor, food science and technology

The researchers will continue to work together to perform comprehensive population genetics and ecological analyses on this nationwide set of data. The project, which builds on the group's former research, is funded by aCenter for Emerging, Zoonotic, and Arthropod-borne Pathogens Interdisciplinary Team-building Pilot Grant at Virginia Tech.

"Virginia Tech has played a pivotal role in supporting and enabling this research," said Goh. "The university's commitment to interdisciplinary research creates an environment that inspires innovation and promotes impactful research like this."

For the findings published in Nature Communications team members analyzed close to 600 listeria genomes from soil samples that Liao collected in a previous study, published in Nature Microbiology. They identified five main ARGs from across the United States.




The study also revealed how ARGs spread between bacteria. A process called transformation allows bacteria to pick up loose pieces of DNA containing ARGs from their surroundings. Once a bacterium acquires these genes, it can pass them along to others -- even to different species. This rapid sharing of resistance genes is a major reason why antibiotic resistance is such a challenging problem.

The team focuses on listeria because it isn't just another soil bacterium -- it's a key player in understanding antibiotic resistance. Studying how ARGs spread in soil bacteria like listeria gives scientists valuable insights into how resistance develops and moves through ecosystems.

"Although resistance in clinical listeria cases is currently low, these bacteria naturally resist several antibiotics and are showing increased resistance to others," Liao said. "This makes listeriaa good model for tracking ARG development before it becomes a widespread clinical issue."

How soil properties and land use shape ARG spread

The study also highlighted how the soil's properties and land use can affect ARG spread. For example:
    	Aluminum-rich soil encourages more ARG diversity, possibly because it stresses bacteria, making them more likely to keep resistance genes.
    	Magnesium-rich soil lowers ARG diversity, potentially by reducing competition among bacteria.
    	Forested areas tend to have more ARGs likely because wildlife naturally introduce these genes to the environment.
    	On the other hand, agricultural fields can change the soil's makeup and microbial communities, influencing ARG diversity in bacteria like listeria.

For households, it is important for people to avoid activities that may disturb soil conditions, such as improperly disposing of waste that may cause metal contamination. Liao said it is also important to maintain good sanitation practices after contact with soils, such as after gardening, given the possible presence of ARGs and resistant bacteria.

By revealing how ARGs spread and how environmental factors influence this process, Liao's study highlights the importance of protecting natural ecosystems. Preserving soil health isn't just good for the environment -- it's vital for our future medical care.

Building off of this research, Liao hopes to find new strategies to control antibiotic resistance, ensuring antibiotics remain effective in treating infections for years to come.

"Establishing a fundamental understanding of the ecological drivers of these bacteria in the soil could help us better understand the emergence, evolution, and spread of antibiotic resistance," said Liao. "This is an urgent, global public health threat."
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Breakthrough brings body-heat powered wearable devices closer to reality | ScienceDaily
A QUT-led research team has developed an ultra-thin, flexible film that could power next-generation wearable devices using body heat, eliminating the need for batteries. This technology could also be used to cool electronic chips, helping smartphones and computers run more efficiently.


						
Professor Zhi-Gang Chen, whose team's new research was published in the journal Science, said the breakthrough tackled a major challenge in creating flexible thermoelectric devices that converted body heat into power. This approach offers the potential of a sustainable energy source for wearable electronics, as well as an efficient cooling method for chips.

Alongside Professor Chen, QUT researchers contributing to the study include first author Mr Wenyi Chen, Dr Xiao-Lei Shi, Dr Meng Li, Mr Yuanqing Mao, and Miss Qingyi Liu, all from the ARC Research Hub in Zero-emission Power Generation for Carbon Neutrality, the QUT School of Chemistry and Physics, and the QUT Centre for Materials Science.

Other members of the research team are Mr Ting Liu, Professor Matthew Dargusch and Professor Jin Zou from the University of Queensland and Professor Gao Qing (Max) Lu from the University of Surrey. "Flexible thermoelectric devices can be worn comfortably on the skin where they effectively turn the temperature difference between the human body and surrounding air into electricity," Professor Chen said.

"They could also be applied in a tight space, such as inside a computer or mobile phone, to help cool chips and improve performance.

"Other potential applications range from personal thermal management -- where body heat could power a wearable heating, ventilating and air conditioning system.

"However, challenges like limited flexibility, complex manufacturing, high costs and insufficient performance have hindered these devices from reaching commercial scale."

Most research in this area has focused on bismuth telluride-based thermoelectrics, valued for its high properties that convert heat into electricity which makes it ideal for low-power applications like heart rate, temperature or movement monitors.




In this study, the team introduced a cost-effective technology for making flexible thermoelectric films by using tiny crystals, or "nanobinders," that form a consistent layer of bismuth telluride sheets, boosting both efficiency and flexibility.

"We created a printable A4-sized film with record-high thermoelectric performance, exceptional flexibility, scalability and low cost, making it one of the best flexible thermoelectrics available," Professor Chen said. The team used "solvothermal synthesis," a technique that forms nanocrystals in a solvent under high temperature and pressure, combined with "screen-printing" and "sintering." The screen-printing method allows for the large-scale film production, while sintering heats the films to near-melting point, bonding the particles together.

Mr Wenyi Chen said their technique could also work with other systems, such as silver selenide-based thermoelectrics, which were potentially cheaper and more sustainable than traditional materials. "This flexibility in materials shows the wide-ranging possibilities our approach offers for advancing flexible thermoelectric technology," he said.
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Barn swallow research offers real-time insight on how new species form | ScienceDaily

Depending on where the birds live, some of them may favor mates with a paler chest color while others find a redder chest more attractive. The difference in what these birds prefer when it comes to choosing a mate is helping scientists unlock one of biology's greatest mysteries: How do new species originate?

In a new study led by the University of Colorado Boulder, biologists used genetic sequencing from barn swallows around the globe to provide real-time evidence that sexual selection, in which organisms choose mates based on traits they find attractive, drives the emergence of new species.

The study was published Dec 12 in the journal Science.

"This is one of the very first papers to comprehensively show the role of mate selection decisions in the evolution of new species," said Rebecca Safran, the paper's senior author and professor in the Department of Ecology and Evolutionary Biology. The new findings shed light on how new species form, a fundamental but elusive process for all life on Earth.

Proving Darwin right

Charles Darwin proposed the theory of sexual selection in 1875. It suggests that organisms evolve showy traits, like extravagant plumage or eye-catching dance moves, to attract mates. When organisms of the same species develop preferences for different traits and no longer breed with each other, new species could emerge over time, a process known as speciation.




For the past 150 years, researchers of sexual selection have primarily studied organisms that already diverged into distinct species. For example, orchids, which now encompass more than 25,000 species, originated from a common ancestor. Their remarkable diversity often leads to the assumption that they evolved different looks to attract different pollinators, said Drew Schield, the paper's first author and assistant professor at the University of Virginia.

"It's logical to think this way and it could totally be the case," said Schield, who did the research while a postdoctoral researcher at CU Boulder. "But with speciation already having occurred, it's impossible to know for certain." As a result, it has been difficult to find direct evidence that sexual selection drives the emergence of new species.

Barn swallows provide a unique opportunity to explore the speciation process as it unfolds.

These birds are one of the most common and widespread species on our planet. Currently, there are six subspecies of barn swallow each looking slightly different in some traits critical to the mate choice decisions depending on where they are.

For example, the East Asian group, Hirundorustica gutturalis, has a pale chest and shorter tail streamers -- the elongated outer tail feathers. Hirundo rustica tytleri, found in Siberia, has long tail streamers and red chest feathers. The subspecies in Europe and western Asia, Hirundo rustica rustica, has a pale chest and long tail streamers.

Reuniting after isolation

Evidence suggests that the bird's ancestors left the Nile River valley in northern Africa about 11,000 years ago and spread out across the Northern Hemisphere. For thousands of years, different populations barely interacted and developed diverse traits, forming subspecies.




Some 800 to 2000 years ago, certain subspecies expanded their territories, and habitats began to overlap. In some parts of the world, subspecies now interact with each other, producing hybrid offspring.

Safran and her team set out to investigate whether sexual selection in these birds was driving the speciation process.

The team, including Elizabeth Scordato, associate professor at the California State Polytechnic University, sequenced the genomes of 336 barn swallows from around the globe, encompassing all subspecies and three hybrid zones, where subspecies interbreed, in Eurasia.

The researchers found a dozen regions in the barn swallow genome associated with the birds' two sexually selected traits: Ventral coloration -- the plumage color of their chest and belly -- and tail streamer length.

When individuals reproduce, the genes from both parents reshuffle and combine to form the genes of their offspring. When two populations encounter one another, the flow of genetic material from one to another is a marker of how similar the populations are. If the rate of gene flow is low, it means the two populations are breeding with each other at a lower rate than they would if they are the same species.

The study found that in barn swallow hybrid zones much of their genes flows freely across groups. But the genetic regions coding for ventral coloration and tail streamer length hardly transfer to other populations.

It suggests that among the hybrid individuals with parents from different subspecies, a small number of lucky birds that inherit a favorable combination of tail streamer and ventral color genes are able to attract mates. Hybrids that receive less favorable combinations tend to be less successful in reproduction.

"These genes are hitting a boundary due to divergent sexual selection, and they stop moving from one population to the other," Schield said.

The different preferences for tail feather length and chest color across subspecies make barn swallows more likely to mate within their own group, Schield added. If the trend continues, these groups could no longer interbreed or produce offspring, markers for the formation of separate species.

Next, the team plans to sample more birds and study whether being a hybrid affects reproductive success.

"It's very cool that we could capture a real-time evolutionary portrait of this common animal and understand how and why the populations are diverging," Safran said. "Our understanding of the process is fundamentally important for addressing a wide range of questions related to biodiversity, evolution and conservation."
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Superflares once per century | ScienceDaily
Stars similar to the Sun produce a gigantic outburst of radiation on average about once every hundred years per star. Such superflares release more energy than a trillion hydrogen bombs and make all previously recorded solar flares pale in comparison. This estimate is based on an inventory of 56450 sun-like stars, which an international team of researchers led by the Max Planck Institute for Solar System Research (MPS) in Germany presents on Friday, December 13th, 2024, in the journal Science. It shows that previous studies have significantly underestimated the eruptive potential of these stars. In data from NASA's space telescope Kepler, superflaring, sun-like stars can be found ten to a hundred times more frequently than previously assumed. The Sun, too, is likely capable of similarly violent eruptions.


						
There is no question that the Sun is a temperamental star, as alone this year's unusually strong solar storms prove. Some of them led to remarkable auroras even at low latitudes. But can our star become even more furious? Evidence of the most violent solar "tantrums" can be found in prehistoric tree trunks and in samples of millennia-old glacial ice. However, from these indirect sources, the frequency of superflares cannot be determined. And direct measurements of the amount of radiation reaching the Earth from the Sun have only been available since the beginning of the space age.

Another way to learn about our Sun's long-term behavior is to turn to the stars, as is the approach of the new study. Modern space telescopes observe thousands and thousands of stars and record their brightness fluctuations in visible light. Superflares, which release amounts of energy of more than one octillion joules within a short period of time, show themselves in the observational data as short, pronounced peaks in brightness. "We cannot observe the Sun over thousands of years," Prof. Dr. Sami Solanki, Director at the MPS and coauthor, explained the basic idea behind the investigation. "Instead, however, we can monitor the behavior of thousands of stars very similar to the Sun over short periods of time. This helps us to estimate how frequently superflares occur," he adds.

Looking for close relatives of the Sun

In the current study, the team including researchers from the University of Graz (Austria), the University of Oulu (Finland), the National Astronomical Observatory of Japan, the University of Colorado Boulder (USA) and the Commissariat of Atomic and Alternative Energies of Paris-Saclay and the University of Paris-Cite, analyzed the data from 56450 sun-like stars as seen by NASA's space telescope Kepler between 2009 and 2013. "In their entirety, the Kepler data provide us with evidence of 220000 years of stellar activity," said Prof. Dr. Alexander Shapiro from the University of Graz.

Crucial for the study was the careful selection of the stars to be taken into account. After all, the chosen stars should be particularly close "relatives" of the Sun. The scientists therefore only admitted stars whose surface temperature and brightness were similar to the Sun's. The researchers also ruled out numerous sources of error, such as cosmic radiation, passing asteroids or comets, as well as non-sun-like stars that in Kepler images may by chance flare up in the vicinity of a sun-like star. To do this, the team carefully analyzed the images of each potential superflare -- only a few pixels in size -- and only counted those events that could reliably be assigned to one of the selected stars.

In this way, the researchers identified 2889 superflares on 2527 of the 56450 observed stars. This means that on average, one sun-like star produces a superflare approximately once per century.




"High performance dynamo computations of these solar-type stars easily explain the magnetic origins of the intense release of energy during such superflares," said coauthor Dr. Allan Sacha Brun of the Commissariat of Atomic and Alternative Energies of Paris-Saclay and the University of Paris-Cite.

Surprisingly frequent

"We were very surprised that sun-like stars are prone to such frequent superflares," said first author Dr. Valeriy Vasilyev from the MPS. Earlier surveys by other research groups had found average intervals of a thousand or even ten thousand years. However, earlier studies were unable to determine the exact source of the observed flare and therefore had to limit themselves to stars that did not have any too close neighbors in the telescope images. The current study is the most precise and sensitive to date.

Longer average time intervals between extreme solar events have also been suggested by studies looking for evidence of violent solar storms impacting Earth. When a particularly high flux of energetic particles from the Sun reaches the Earth's atmosphere, they produce a detectable amount of radioactive atoms such as the radioactive carbon isotope 14C. These atoms are then deposited in natural archives such as tree rings and glacial ice. Even thousands of years later, the sudden influx of high-energy solar particles can thus be deduced by measuring the amount of 14C using modern technologies.

In this way, researchers were able to identify five extreme solar particle events and three candidates within the past twelve thousand years of the Holocene, leading to an average occurrence rate of once per 1500 years. The most violent is believed to have occurred in the year 775 AD. However, it is quite possible that more such violent particle events and also more superflares occurred on the Sun in the past. "It is unclear whether gigantic flares are always accompanied by coronal mass ejections and what is the relationship between superflares and extreme solar particle events. This requires further investigation," co-author Prof. Dr. Ilya Usoskin from the University of Oulu in Finland pointed out. Looking at the terrestrial evidence of past extreme solar events could therefore underestimate the frequency of superflares.

Forecasting dangerous space weather

The new study does not reveal when the Sun will throw its next fit. However, the results urge caution. "The new data are a stark reminder that even the most extreme solar events are part of the Sun's natural repertoire," said coauthor Dr. Natalie Krivova from the MPS. During the Carrington event of 1859, one of the most violent solar storms of the past 200 years, the telegraph network collapsed in large parts of northern Europe and North America. According to estimates, the associated flare released only a hundredth of the energy of a superflare. Today, in addition to the infrastructure on the Earth's surface, especially satellites would be at risk.

The most important preparation for strong solar storms is therefore reliable and timely forecasting. As a precaution, satellites, for example, could be switched off. From 2031, ESA's space probe Vigil will help in the endeavor of forecasting. From its observation position in space, it will look at the Sun from the side and notice sooner than Earth-bound probes when processes that might drive dangerous space weather are brewing up on our star. The MPS is currently developing the Polarimetric and Magnetic Imager for this mission.
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A new timeline for Neanderthal interbreeding with modern humans | ScienceDaily

That interbreeding left Eurasians with many genes inherited from our Neanderthal ancestors, which in total make up between 1% and 2% of our genomes today.

The genome-based estimate is consistent with archeological evidence that modern humans and Neanderthals lived side-by-side in Eurasia for between 6,000 and 7,000 years. The analysis, which involved present-day human genomes as well as 58 ancient genomes sequenced from DNA found in modern human bones from around Eurasia, found an average date for Neanderthal-Homo sapiens interbreeding of about 47,000 years ago. Previous estimates for the time of interbreeding ranged from 54,000 to 41,000 years ago.

The new dates also imply that the initial migration of modern humans from Africa into Eurasia was basically over by 43,500 years ago.

"The timing is really important because it has direct implications on our understanding of the timing of the out-of-Africa migration as most non-Africans today inherit 1-2% ancestry from Neanderthals," said Priya Moorjani, an assistant professor of molecular and cell biology at the University of California, Berkeley, and one of two senior authors of the study. "It also has implications for understanding the settlement of the regions outside Africa, which is typically done by looking at archeological materials or fossils in different regions of the world."

The genome analysis, also led by Benjamin Peter of the University of Rochester in New York and the Max Planck Institute for Evolutionary Anthropology (MPI-EVA) in Leipzig, Germany, will be published in the Dec. 13 print issue of the journal Science. The two lead authors are Leonardo Iasi, a graduate student at MPI-EVA, and Manjusha Chintalapati, a former UC Berkeley postdoctoral fellow now at the company Ancestry DNA.

The longer duration of gene flow may help explain, for example, why East Asians have about 20% more Neanderthal genes than Europeans and West Asians. If modern humans moved eastward about 47,000 years ago, as archeological sites suggest, they would already have had intermixed Neanderthal genes.




"We show that the period of mixing was quite complex and may have taken a long time. Different groups could have separated during the 6,000- to 7,000-year period and some groups may have continued mixing for a longer period of time," Peter said. "But a single shared period of gene flow fits the data best."

"One of the main findings is the precise estimate of the timing of Neanderthal admixture, which was previously estimated using single ancient samples or in present-day individuals. Nobody had tried to model all of the ancient samples together," Chintalapati said. " This allowed us to build a more complete picture of the past"

Neanderthal deserts in the genome

In 2016, Moorjani pioneered a method for inferring the timing of Neanderthal gene flow using often incomplete genomes of ancient individuals. At that time, only five archaic Homo sapiens genomes were available. For the new study, Iasi, Chintalapati and their colleagues employed this technique with 58 previously sequenced genomes of ancient Homo sapiens who lived in Europe, Western and Central Asia over the past 45,000 years and the genomes of 275 worldwide contemporary humans to provide a more precise date -- 47,000 years ago. Rather than assuming the gene flow occurred in a single generation, they tried more complex models developed by Iasi and Peter to establish that the interbreeding extended over about 7,000 years, rather than being intermittent.

The timing of the interbreeding between Neanderthals and modern humans was corroborated by another, independent study conducted by MPI-EVA researchers and scheduled to be published Dec. 12 in the journal Nature. That study, an analysis of two newly sequenced genomes of Homo sapiens that lived about 45,000 years ago, also found a date of 47,000 years ago.

"Although the ancient genomes were published in previous studies, they had not been analyzed to look at Neanderthal ancestry in this detailed way. We created a catalog of Neanderthal ancestry segments in modern humans. By jointly analyzing all these samples together, we inferred the period of gene flow was around 7,000 years," Chintalapati said. "The Max Planck group actually sequenced new ancient DNA samples that allowed them to date the Neanderthal gene flow directly. And they came up with a similar timing as us."

The UC Berkeley/MPI-EVA team also analyzed regions of the modern human genome that contain genes inherited from Neanderthals and some areas that are totally devoid of Neanderthal genes. They found that areas lacking any Neanderthal genes, so-called archaic or Neanderthal deserts, developed quickly after the two groups interbred, suggesting that some Neanderthal gene variants in those areas of the genome must have been lethal to modern humans.




Early modern human samples that are older than 40,000 years -- samples from Oase cave in Romania, Ust'-Ishim in Russia, Zlaty k?? in the Czech Republic, Tianyuan in China and Bacho Kiro in Bulgaria -- already contained these deserts in their genomes.

"We find that very early modern humans from 40,000 years ago don't have any ancestry in the deserts, so these deserts may have formed very rapidly after the gene flow," said Iasi. "We also looked at the changes in Neanderthal ancestry frequency over time and across the genome and found regions that are present at high frequency, possibly because they carry beneficial variants that were introgressed from Neanderthals."

Most of the high-frequency Neanderthal genes are related to immune function, skin pigmentation and metabolism, as reported in some previous studies. One immune gene variant inherited from Neanderthals confers protective effects to coronavirus that causes COVID-19, for example. Some of the Neanderthal genes involved in the immune system and skin pigmentation actually increased in frequency in Homo sapiens over time, implying that they may have been advantageous to human survival.

"Neanderthals were living outside Africa in harsh, Ice Age climates and were adapted to the climate and to the pathogens in these environments. When modern humans left Africa and interbred with Neanderthals, some individuals inherited Neanderthal genes that presumably allowed them to adapt and thrive better in the environment," Iasi said.

"The fact that we find some of these regions already in 30,000-year-old samples shows that some of these regions were actually adapted immediately after the introgression," Chintalapati added.

Other genes, such as the gene conferring resistance to coronaviruses, may not have been immediately useful but became useful later on.

"The environment changes and then some genes become beneficial," Peter said.

Moorjani is currently looking at Neanderthal sequences in people of East Asian descent, who not only have a greater percentage of Neanderthal genes, but also somegenes -- up to 0.1% of their genome -- from another early hominin group, the Denisovans.

"It's really cool that we can actually peer into the past and see how variants inherited from our evolutionary cousins, Neanderthals and Denisovans, changed over time," Moorjani said. "This allows us to understand the dynamics of the mixture of Neanderthals and modern humans."

Other co-authors of the Science paper were postdoctoral fellow Laurits Skov of UC Berkeley and Alba Bossoms Mesa and Mateja Hajdinjak of MPI-EVA. Moorjani's research was supported by the Burroughs Wellcome Fund and the National Institutes of Health (R35GM142978).
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Oldest modern human genomes sequenced | ScienceDaily
Few genomes have been sequenced from early modern humans, who first arrived in Europe when the region was already inhabited by Neanderthals. An international team led by researchers at the Max Planck Institute for Evolutionary Anthropology has now sequenced the oldest modern human genomes to date. The genomes were recovered from seven individuals who lived between 42,000 and 49,000 years ago in Ranis, Germany and Zlaty kun, Czechia. These genomes belonged to individuals who were part of a small, closely related human group that first split off from the population that left Africa around 50,000 years ago and later settled the rest of the world. Although they separated early, the Neanderthal DNA in their genomes traces back to an admixture event common to all people outside Africa, that the researchers date to around 45,000-49,000 years ago, much later than previously thought.


						
After modern humans left Africa, they met and interbred with Neanderthals, resulting in around two to three percent Neanderthal DNA that can be found in the genomes of all people outside Africa today. However, little is known about the genetics of these first pioneers in Europe and the timing of the Neanderthal admixture with non-Africans.

A key site in Europe is Zlaty kun in Czechia, where a complete skull from a single individual who lived around 45,000 years ago was discovered and previously genetically analyzed. However, due to the lack of archaeological context, it was not possible to link this individual to any archaeologically defined group. A nearby site, the Ilsenhohle in Ranis in Germany, about 230 km from Zlaty kun, is known for a specific type of archaeology, the Lincombian-Ranisian-Jerzmanowician (LRJ), which dates to around 45,000 years ago. It has long been debated whether the LRJ culture was produced by Neanderthals or early modern humans. Although mostly small fragments of bones are preserved in Ranis, a previous study was able to analyze mitochondrial DNA from thirteen of these remains and found that they belonged to modern humans and not Neanderthals. However, since the mitochondrial sequence only constitutes a miniscule part of the genetic information, the relationships to other modern humans remained a mystery.

Linking Zlaty kun and Ranis

A new study published today in Nature analyzed the nuclear genomes of the thirteen specimens from Ranis and found that they represented at least six individuals. The size of the bones indicated that two of these individuals were infants and, genetically, three were males and three were females. Interestingly, among these individuals were a mother and daughter, as well as other, more distant, biological relatives. The team also sequenced more DNA from the female skull found at Zlaty kun, producing a high-quality genome for this individual. "To our surprise, we discovered a fifth- or sixth-degree genetic relationship between Zlaty kun and two individuals from Ranis." says Arev Sumer, lead author of the study, "This means that Zlaty kun was genetically part of the extended family of Ranis and likely also made LRJ-type tools."

Among the six individuals from Ranis, one bone was particularly well preserved, in fact it is the best preserved modern human bone from the Pleistocene for DNA retrieval. This allowed the team to obtain a high-quality genome from this male individual, referred to as Ranis13. Together, the Ranis13 and Zlaty kun genomes represent the oldest high-quality modern human genomes sequenced to date. When analyzing genetic variants related to phenotypic traits, they found that Ranis and Zlaty kun individuals carried variants associated with dark skin and hair color as well as brown eyes, reflecting the recent African origin of this early European population.

By analyzing the segments inherited from the same ancestor in the Ranis and Zlaty kun genomes, the researchers estimate that their population consisted of at most a few hundred individuals who may have been spread out over a larger territory. The authors found no evidence that this small early modern human population contributed to later Europeans or any other world-wide population.




A narrower timeframe for the shared Neanderthal admixture

Members of the Zlaty kun/Ranis population coexisted with Neanderthals in Europe, raising the possibility that they may have had Neanderthals among their recent ancestors after they migrated to Europe. Previous studies on modern humans from over 40,000 years ago, had found evidence of such recent admixture events between modern humans and Neanderthals. However, no such evidence for recent Neanderthal admixture was detected in the genomes of the Zlaty kun/Ranis individuals. "The fact that modern human groups, which may have arrived in Europe later, carry such Neanderthal ancestry while Ranis and Zlaty kun do not could mean that the older Zlaty kun/Ranis lineage may have entered Europe by a different route or did not overlap as extensively with the regions where Neanderthals lived" speculates Kay Prufer, who co-supervised the study.

The Zlaty kun/Ranis population represents the earliest known divergence from the group of modern humans that migrated out of Africa and dispersed later across Eurasia. Despite this early separation, the Neanderthal ancestry in Zlaty kun and Ranis originated from the same ancient admixture event that can be detected in all people outside Africa today. By analyzing the length of the segments contributed from Neanderthals in the high-coverage Ranis13 genome and using direct radiocarbon dates on this individual, the researchers dated this shared Neanderthal admixture to between 45,000 and 49,000 years ago. Since all present-day non-African populations share this Neanderthal ancestry with Zlaty kun and Ranis, this means that around 45,000 to 49,000 years ago, a coherent ancestral non-African population must still have existed.

"These results provide us with a deeper understanding of the earliest pioneers that settled in Europe," says Johannes Krause, senior author of the study. "They also indicate that any modern human remains found outside Africa that are older than 50,000 years could not have been part of the common non-African population that interbred with Neanderthals and is now found across much of the world."
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Surveys show full scale of massive die-off of common murres following the 'warm blob' in the Pacific Ocean | ScienceDaily
Murres, a common seabird, look a little like flying penguins. These stout, tuxedo-styled birds dive and swim in the ocean to eat small fish and then fly back to islands or coastal cliffs where they nest in large colonies. But their hardy physiques disguise how vulnerable these birds are to changing ocean conditions.


						
A University of Washington citizen science program -- which trains coastal residents to search local beaches and document dead birds -- has contributed to a new study, led by federal scientists, documenting the devastating effect of warming waters on common murres in Alaska.

In 2020, participants of the UW-led Coastal Observation and Seabird Survey Team, or COASST, and other observers first identified the massive mortality event affecting common murres along the West Coast and Alaska. That study documented 62,000 carcasses, mostly in Alaska, in one year. In some places, beachings were more than 1,000 times normal rates. But the 2020 study did not estimate the total size of the die-off after the 2014-16 marine heat wave known as "the blob."

In this new paper, published Dec. 12 in Science, a team led by the U.S. Fish and Wildlife Service analyzed years of colony-based surveys to estimate total mortality and later impacts. The analysis of 13 colonies surveyed between 2008 and 2022 finds that colony size in the Gulf of Alaska, east of the Alaska Peninsula, dropped by half after the marine heat wave. In colonies along the eastern Bering Sea, west of the peninsula, the decline was even steeper, at 75% loss.

The study led by Heather Renner, a wildlife biologist at the U.S. Fish and Wildlife Service, estimates that 4 million Alaska common murres died in total, about half the total population. No recovery has yet been seen, the authors write.

"This study shows clear and surprisingly long-lasting impacts of a marine heat wave on a top marine predator species," said Julia Parrish, a UW professor of aquatic and fishery sciences and of biology, who was a co-author on both the 2020 paper and the new study. "Importantly, the effect of the heat wave wasn't via thermal stress on the birds, but rather shifts in the food web leaving murres suddenly and fatally without enough food."

The "warm blob" was an unusually warm and long-lasting patch of surface water in the northeast Pacific Ocean from late 2014 through 2016, affecting weather and coastal marine ecosystems from California to Alaska. As ocean productivity decreased, it affected food supply for top predators including seabirds, marine mammals and commercially important fish. Based on the condition of the murre carcasses, authors of the 2020 study concluded that the most likely cause of the mass mortality event was starvation.




Before this marine heat wave, about a quarter of the world's population, or about 8 million common murres, lived in Alaska. Authors estimate the population is now about half that size. While common murre populations have fluctuated before, the authors note the Alaska population has not recovered from this event like it did after previous, smaller die-offs.

While the "warm blob" appears to have been the most intense marine heat wave yet, persistent, warm conditions are becoming more common under climate change. A 2023 study led by the UW, including many of the same authors, showed that a 1 degree Celsius increase in sea surface temperature for more than six months results in multiple seabird mass mortality events.

"Whether the warming comes from a heat wave, El Nino, Arctic sea ice loss or other forces, the message is clear: Warmer water means massive ecosystem change and widespread impacts on seabirds," Parrish said.

"The frequency and intensity of marine bird mortality events is ticking up in lockstep with ocean warming," Parrish said.

The 2023 paper suggested seabird populations would take at least three years to recover after a marine heat wave. The fact that common murres in Alaska haven't recovered even seven years after "the blob" is worrisome, Parrish said.

"We may now be at a tipping point of ecosystem rearrangement where recovery back to pre-die-off abundance is not possible."

Other co-authors are Brie Drummond and Jared Laufenberg at the U.S. Fish and Wildlife Service offices in Alaska; John Piatt, a former federal scientist now with the World Puffin Congress in Port Townsend; and Martin Renner at Tern Again Consulting in Homer.
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Floods, insufficient water, sinking river deltas: Hydrologists map changing river landscapes across the globe | ScienceDaily

Previous attempts to quantify changes in rivers over time have only looked at specific outlet reaches or a rear basin part of a river, explains Dongmei Feng, lead author, assistant professor at the University of Cincinnati and former research assistant professor in the Fluvial@UMass lab run by the paper's co-author Colin Gleason, Armstrong Professional Development Professor of civil and environmental engineering at UMass Amherst.

"But as we know, rivers are not isolated," she says. "So even if we are interested in one location, we have to think about how it's impacted both upstream and downstream. We think about the river system as a whole, organically connected system. The takeaway from this paper is: The rivers respond to factors -- climate change or human regulation -- differently [and] we provide the finer detail of those responses."

River flow rate, also known as discharge, describes how much water flows through a river, measured in cubic meters per second or gallons per day. Currently, flow rate is measured by manually dragging a tool (called an acoustic doppler current profiler) across the surface of a river and then combining it with another automatic measurement of river depth to calculate flow rate over time. Because this approach and only measures flow rate at a specific location, at a specific time, data on flow rates are extremely limited.

"There are about 10-15,000 infinitesimally small slices around the world where we know river discharge -- that's it -- out of millions and millions of miles of rivers," says Gleason.

So Feng and Gleason developed a new approach using satellite data and computer modeling to capture this flow rate across 3 million stream reaches worldwide. "That's every river, every day, everywhere, over a 35-year period," Gleason says. "Some of these are changing by 5 or 10% per year. That's rapid, rapid change. We had no idea what those flow rates were or how they were changing -- which rivers are not like they used to be -- now we know."

The significant decreases found in downstream rivers mean that less fresh water is available on the largest parts of many rivers worldwide. This has significant impacts on drinking water and irrigation.




"Communities that use river water for irrigation and drinking water, if that's dropping, then is there a sustainable use?" says Gleason. "Can you grow your town? Can you grow your city? Can you increase your number of [acres] in production? Can the river support it? We don't know exactly why [this is happening], but we do know that's what it might mean."

The decrease in flow rate also means that the river has less power to move dirt and small rocks in the river bed. The movement of this sediment downstream builds deltas and is an important process in countering sea rise, so this loss of power is detrimental to deltas, especially in light of modern dam building limiting how much sediment is available to move.

Smaller, upstream rivers (typically closer to mountains) are showing an inverse pattern: 17% are seeing an increase in flow. (Though, Gleason points out, this is not uniform, as 10% are decreasing.) This increase in volume in these small rivers can have big impacts on their surrounding communities. The researchers found a 42% increase in large floods of these small streams. Gleason cites those that have occurred in Vermont in recent summers as an example.

"Floods are disastrous for humans, but for upstream species, they may be advantageous," adds Feng. Flooding provides important nutrients and a means of travel for migrating fish. "The local people [near the western Amazon River], for example, have reported that the fish migration has increased in that region because the flooding is more frequent, which means the high flow required for fish migration is more frequent."

This increase in upstream flow rate may also throw an unexpected wrench in hydropower plans, particularly in High Mountain Asia for places like Nepal and Bhutan. "The increased flow of the river channel means erosion power is much more significant than before and it's transporting more sediment downstream," says Feng. This becomes an issue for countries looking to develop more clean energy because this sediment can clog up hydropower plants.

While the paper cannot quantify the exact cause and effect, the researchers know that the general drivers of these changes are largely climate change and human activity. "Upstream river regions have increasing precipitation in general," says Feng. "And the snow melt in the high elevation, which is typically cold, is probably more sensitive to climate change, so the snow melt has been increasing in these regions." Human activity includes sourcing water from rivers for drinking or agriculture or wastewater dumping.

And Gleason adds that this paper is an important step: "If you don't know what it is, you can't figure out why it is. People who live along these rivers, of course, know there are problems, but if you're a policy analyst and you're trying to determine the best location for a new hydropower plant out of 100 candidates, it's hard to measure 100 different rivers accurately. [Colleagues in water systems say] you would be shocked at how many places, particularly those that are resource-limited, make major decisions about climate futures, water resources, and infrastructure projects with almost no data on hand. My hope is that everyone can use these data, understand them, and maybe make a more informed decision."
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        Human-like artificial intelligence may face greater blame for moral violations
        In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds.

      

      
        After lockdown, immune system reacts more strongly to viruses and bacteria
        New research shows that the lockdowns during the COVID-19 pandemic had a significant impact on people's immune response to microorganisms. During the lockdown, inflammation level in the body was low, but afterwards, the immune system reacted more intensely to viruses and bacteria.

      

      
        New evidence on the relationship between moderate wine consumption and cardiovascular health
        Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicenter study. The study is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.

      

      
        Microplastics in the air may be leading to lung and colon cancers
        Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that researchers suspect may be causing respiratory and other illnesses.

      

      
        Potentially harmful bacteria slip through antimicrobial showerheads
        To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But researchers now report that these fixtures are no 'silver bullet.' In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.

      

      
        Nature's instructions: How fungi make a key medicinal molecule
        Researchers have decoded the genetic blueprint of Penicillium citrinum, a common citrus mold, to uncover how nature produces cyclopentachromone -- a key building block for bioactive compounds with potential in cancer and inflammation treatments. The team identified a previously unknown enzyme, IscL, that creates a highly reactive sulfur-containing intermediate, offering new insights into fungal chemistry. This discovery could pave the way for novel pharmaceuticals by harnessing nature's molecular...

      

      
        New recommendations to increase transparency and tackle potential bias in medical AI technologies
        A new set of recommendations aims to help improve the way datasets are used to build Artificial intelligence (AI) health technologies and reduce the risk of potential AI bias.

      

      
        Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles
        Scientists have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size. The findings suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

      

      
        Physicists magnetize a material with light
        Physicists have created a new and long-lasting magnetic state in a material, using only light. The results provide a new way to control and switch antiferromagnetic materials, which are of interest for their potential to advance information processing and memory chip technology.

      

      
        Building a backbone: Scientists recreate the body's 'GPS system' in the lab
        Scientists have generated human stem cell models which contain notochord -- a tissue in the developing embryo that acts like a navigation system, directing cells where to build the spine and nervous system (the trunk).

      

      
        Syphilis had its roots in the Americas
        A research team has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.

      

      
        Overactive cells linked to type 2 diabetes
        Researchers studied oxygen treatment as a potential therapy to target specific cells linked to the development of cardiovascular and metabolic disorders like high blood pressure and type 2 diabetes and found no significant improvement in function in patients with type 2 diabetes.

      

      
        App helps alleviate mental health symptoms in bereaved parents
        A new study shows that an app can help parents who are mourning the loss of a child. Parents who used the app for three months reported reduced symptoms of prolonged grief and post-traumatic stress, and also had fewer negative thoughts. Some parents thought the app should be offered early in the mourning process.

      

      
        Developing artificial intelligence tools for health care
        Reinforcement Learning, an artificial intelligence approach, has the potential to guide physicians in designing sequential treatment strategies for better patient outcomes but requires significant improvements before it can be applied in clinical settings, finds a new study.

      

      
        Paranoia may be, in part, a visual problem
        Could complex beliefs like paranoia have roots in something as basic as vision? A new study finds evidence that they might. When completing a visual perception task, in which participants had to identify whether one moving dot was chasing another moving dot, those with greater tendencies toward paranoid thinking (believing others intend them harm) and teleological thinking (ascribing excessive meaning and purpose to events) performed worse than their counterparts, the study found. Those individua...

      

      
        New virtual reality-tested system shows promise in aiding navigation of people with blindness or low vision
        A new study offers hope for people who are blind or have low vision (pBLV) through an innovative navigation system that was tested using virtual reality. The system, which combines vibrational and sound feedback, aims to help users navigate complex real-world environments more safely and effectively.

      

      
        'Bad' bacteria can trigger painful gut contractions; new research shows how
        A new study shows how one kind of bacteria, Vibrio cholerae, triggers painful intestinal contractions by activating the immune system. The research also finds a more general explanation for how the gut rids itself of unwanted intruders, which could also help scientists better understand chronic conditions like inflammatory bowel disease.

      

      
        Nano drug delivery system heralds safer era for drug development
        A team of researchers has created an innovative drug delivery system with outstanding potential to improve drug development.

      

      
        Research shows solitude is better for your health when it's not too intense
        Hiking by yourself deep in a forest and similar episodes of intense solitude are not as likely to restore energy and enhance social connectedness as less complete forms of solitude, such as reading in a cafe or listening to Spotify while commuting.

      

      
        Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth
        Microgravity is known to alter the muscles, bones, the immune system and cogni tion, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, scientists sent tiny clumps of stem-cell derived brain cells called 'organoids' to the International Space Station.

      

      
        More calories -- more consumption: Individuals with and without obesity both prefer high-calories food, study finds
        Higher calorie foods were preferred among individuals with and without obesity despite similar taste and texture, according to a new study.

      

      
        Images of crucial cell receptors show promising new drug targets
        New research combines two powerful imaging techniques to study the complete structure of a common aGPCR, including how its long and complex extracellular region interacts with the transmembrane region embedded in the cell surface. The different positions and movements of the extracellular region appear to be an important way to activate the receptor.

      

      
        World Cup soccer is getting faster for men and women alike
        If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study.

      

      
        How the body clock regulates inflammation
        New research has explained how the body's internal clock influences the inflammatory process of the immune system. The findings describe how immune cells, called macrophages, work differently at various times of the day and could pave the way for time-targeted treatments for inflammatory diseases such as arthritis.

      

      
        Is fake meat good to eat? Processed plant-based meat alternatives linked to depression risk in vegetarians
        Researchers found that vegetarians who consumed PBMAs had a 42% increased risk of depression compared to vegetarians who refrained from PBMAs.

      

      
        The longevity factor Foxo3 mediates 'unfit' cell elimination to ensure healthy body construction
        Researchers have revealed some of the precise mechanisms by which erroneous cells are recognized, marked for removal, and eliminated via apoptosis in developing zebrafish. Notably, they found that the protein Foxo3 may be a universal marker of cell competition in zebrafish and mice. These findings have important implications for congenital disorders, cancer, and aging, and may lead to novel treatments.

      

      
        Salmon genes unlock secrets of puberty and evolution
        A study shows how a single gene in Atlantic salmon can dramatically influence the timing of puberty -- a key factor for salmon life cycle and survival.

      

      
        Almost three quarters of adolescents experience depression or anxiety
        Almost three quarters of adolescents in Australia experience clinically significant depression or anxiety symptoms, with most being chronic, according to a new study. And preventive strategies outside our clinics are urgently required to address this considerable public health problem facing the nation.

      

      
        Travelers weigh in on weight-based airfares for eco-friendly skies
        The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the e...

      

      
        Study shows drop in use of antiviral medications in young children with influenza
        Despite national medical guidelines supporting the use of antiviral medications in young children diagnosed with influenza, a recent study reports an underuse of the treatment.

      

      
        Neural stem cell transplantation shows promise for treating chronic spinal cord injury
        Using neural stem cells could help treat spinal injuries once thought to be untreatable -- a new phase 1 trial has determined this approach is safe.

      

      
        Study maps bed bugs' genomes in unprecedented detail to find out why they just won't die
        Near-gap-free and near-error-free genomes of a susceptible bed bug strain and a superstrain with around 20,000-fold insecticide resistance offer the broadest look yet at the full scope of mutations driving their resilience.

      

      
        Being digitally hyperconnected causes 'techno-strain' for employees
        A new study has shown that employees are experiencing mental and physical techno-strain due to being 'hyperconnected' to digital technology making it difficult for people to switch off from work.

      

      
        Teens with a reduced response to rewards are more susceptible to depression
        Novel research shows that a reduced neural response to receiving rewards in teens predicts the first onset of depression, but not anxiety or suicidality. This is independent of pre-existing depressive or anxiety symptoms, as well as age or sex, which are already strong risk factors for depression. The study is a step toward using brain science to understand and assess mental health risks.

      

      
        Biased language in clinical handoffs may negatively impact patient care
        A new study shows that when clinicians hear a patient described with negatively biased language, they develop less empathy towards the patient and, in some cases, become less accurate in recalling the patient's critical health details.

      

      
        Young English speakers are most comfortable with digital health
        Digital health tools, such as patient portals, treatment apps and online appointment schedulers, are increasingly common. But not everyone is equally at home using them.

      

      
        Scientists find a vulnerability in antibiotic resistance mechanism
        Superbugs, bacteria that are immune to multiple antibiotics, pose a great challenge to modern medicine. Researchers have now identified a weakness in the bacterial machinery that drives antibiotic resistance adaptation.

      

      
        Peptide-guided nanoparticles deliver mRNA to neurons
        Engineers have modified lipid nanoparticles (LNPs) -- the revolutionary technology behind the COVID-19 mRNA vaccines -- to not only cross the blood-brain barrier (BBB) but also to target specific types of cells, including neurons. This breakthrough marks a significant step toward potential next-generation treatments for neurological diseases like Alzheimer's and Parkinson's.

      

      
        Tiny robots, big impact: Revolutionizing infertility treatment with magnetic microrobots
        Infertility affects an estimated 186 million people worldwide, with fallopian tube obstruction contributing to 11%-67% of female infertility cases. Researchers have developed an innovative solution using a magnetically driven robotic microscrew to treat fallopian tube blockages. The microrobot is made from nonmagnetic photosensitive resin, coated with a thin iron layer to give it magnetic properties. By applying an external magnetic field, the robot rotates, generating translational motion that e...

      

      
        Discouraged zebrafish help reveal how ketamine works in the brain
        By taking advantage of a 'giving up' behavior exhibited by zebrafish, the ability to image the fish's entire brain, and a unique virtual reality system, a team of researchers found where ketamine acts in the zebrafish brain: at supporting cells called astroglia, rather than neurons.

      

      
        The psychological implications of Big Brother's gaze
        A new psychological study has shown that when people know they are under surveillance it generates an automatic response of heightened awareness of being watched, with implications for public mental health.

      

      
        Microchips capable of detecting and diagnosing diseases
        Researchers have developed microchips using field-effect transistors that can detect multiple diseases from a single air sample with high sensitivity. The technology enables rapid testing and could lead to portable diagnostic devices for home and medical use.

      

      
        Study finds lower rates of death from Alzheimer's disease among taxi and ambulance drivers
        A new study raises the possibility that jobs that require frequent spatial processing -- such as figuring out a taxi route or the best way to navigate to a hospital -- could lead to lower rates of death from Alzheimer's disease. Researchers investigated this possibility by using national data on the occupations of people who had died to evaluate risk of death from Alzheimer's disease across 443 professions. They found that taxi driving and ambulance driving were associated with a lower rate of de...

      

      
        Long COVID's effects on employment: Financial distress, fear of judgment
        Though research has shown that people with long COVID are more likely to be unemployed, the statistics don't reveal what patients go through before they cut their hours, stop working or lose their jobs. In a new study involving interviews of people with long COVID, researchers describe how the prolonged illness has affected not only patients' job status, but also their overall well-being.

      

      
        Breakthrough in treatment approach showing promise in the fight against glioblastoma
        Medical researchers have announced the results of an innovative treatment approach that may offer improvement in overall survival in older patients with newly diagnosed glioblastoma while maintaining quality of life. Glioblastoma is the most lethal type of primary brain cancer due to its aggressive nature and its treatment-resistant characteristics. It is the most common form of primary brain cancer.

      

      
        Staying sharp: Study explores how brain changes may affect financial skills
        A new article sheds light on how age-related changes may affect the way we handle finances -- and how we can stay sharp as we age.

      

      
        Breathing coordinates brain rhythms for memory consolidation during sleep
        Just as a conductor coordinates different instruments in an orchestra to produce a symphony, breathing coordinates hippocampal brain waves to strengthen memory while we sleep, reports a new study. This is the first time breathing rhythms during sleep have been linked to these hippocampal brain waves -- called slow waves, spindles and ripples -- in humans. Scientists knew these waves were linked to memory but their underlying driver was unknown.

      

      
        Naughty or Nice? Many parents rely on threats to manage misbehavior -- from no dessert to no Santa
        When young children's behavior becomes challenging, many parents resort to threats -- from taking away toys to threatening that Santa will skip their house, a national poll suggests.

      

      
        Can lab-grown neurons exhibit plasticity?
        This bioengineering breakthrough has found a way to make neurons grown in a dish react just like the real thing.

      

      
        A quick end for mRNA
        Researchers have discovered a process that breaks down mRNA molecules in the human body particularly efficiently. This could be useful, for example, in the treatment of cancer.
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Human-like artificial intelligence may face greater blame for moral violations | ScienceDaily
In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds. Minjoo Joo of Sookmyung Women's University in Seoul, Korea, presents these findings in the open-access journal PLOS ONE on December 18, 2024.


						
Prior research has revealed a tendency of people to blame AI for various moral transgressions, such as in cases of an autonomous vehicle hitting a pedestrian or decisions that caused medical or military harm. Additional research suggests that people tend to assign more blame to AIs perceived to be capable of awareness, thinking, and planning. People may be more likely to attribute such capacities to AIs they perceive as having human-like minds that can experience conscious feelings.

On the basis of that earlier research, Joo hypothesized that AIs perceived as having human-like minds may receive a greater share of blame for a given moral transgression.

To test this idea, Joo conducted several experiments in which participants were presented with various real-world instances of moral transgressions involving AIs -- such as racist auto-tagging of photos -- and were asked questions to evaluate their mind perception of the AI involved, as well as the extent to which they assigned blame to the AI, its programmer, the company behind it, or the government. In some cases, AI mind perception was manipulated by describing a name, age, height, and hobby for the AI.

Across the experiments, participants tended to assign considerably more blame to an AI when they perceived it as having a more human-like mind. In these cases, when participants were asked to distribute relative blame, they tended to assign less blame to the involved company. But when asked to rate the level of blame independently for each agent, there was no reduction in blame assigned to the company.

These findings suggest that AI mind perception is a critical factor contributing to blame attribution for transgressions involving AI. Additionally, Joo raises concerns about the potentially harmful consequences of misusing AIs as scapegoats and calls for further research on AI blame attribution.

The author adds: "Can AIs be held accountable for moral transgressions? This research shows that perceiving AI as human-like increases blame toward AI while reducing blame on human stakeholders, raising concerns about using AI as a moral scapegoat."
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After lockdown, immune system reacts more strongly to viruses and bacteria | ScienceDaily
Research from Radboud university medical center shows that the lockdowns during the COVID-19 pandemic had a significant impact on people's immune response to microorganisms. During the lockdown, inflammation level in the body was low, but afterwards, the immune system reacted more intensely to viruses and bacteria. The results are now published in Frontiers of Immunology.


						
In this study, the researchers examined the effects of various health measures introduced during the pandemic, such as lockdowns and vaccinations. The study was conducted in a large cohort of people living with HIV, as well as in healthy individuals. The researchers found that inflammation biomarkers in the blood were low during the lockdown for people in both groups. However, when they exposed immune cells from the blood to microorganisms like viruses and bacteria in the lab, the immune system reacted much stronger than immune cells of individuals outside the lockdown.

Hygiene Hypothesis

As a possible explanation for this strong immune reaction, Professor Mihai Netea from Radboud university medical center points to the hygiene hypothesis. This hypothesis suggests that regular contact with microorganisms is beneficial because it keeps the immune system both active and tolerant at the same time. A lack of exposure to environmental factors might contribute to an immune system that overreacts, potentially leading to systemic reactions such as those encountered in inflammatory diseases and allergies.

Netea: 'In our daily lives, we are constantly exposed to various micro-organisms. This helps train our immune system, teaching it to recognize which microorganisms are dangerous and which are harmless. During the lockdown, we missed that interaction because everyone stayed home and avoided each other. As a result, during and immediately after the lockdown periods, immune cells exposed to micro-organisms displayed a less well-regulated response, predisposing to hyperinflammation.'

Study Design

This research was made possible through a large study on people with HIV, initiated by Radboudumc and three other HIV treatment centers in the Netherlands. Recruitment for the study took place between October 2019, just before the COVID-19 pandemic, and October 2021. A total of 1,895 people with HIV are participating in this study, which is part of a broader research project on immune system function and the diversity of immune responses.




The study participants were divided into four groups:
    	368 individuals enrolled before the pandemic
    	851 individuals enrolled after the lockdown, but before vaccination or a COVID-19 infection
    	175 individuals who had contracted a COVID-19 infection
    	404 vaccinated individuals

In the lab, the researchers measured the level of inflammation in the participants' blood. They also examined the interaction between isolated blood cells and viruses and bacteria.

Subsequently, the findings were validated in cohort of 30 healthy individuals tested during or after the lockdown period. Professor Andre van der Ven: 'The results of this study primarily reflect people living with HIV, but we also examined a healthy control group. We saw similar results in this group, suggesting the effects may apply to the wider population. However, more research is needed for this group.'

Awareness of Impact

The study also revealed that vaccines and a COVID-19 infection influenced the immune system's response, but these effects were relatively small and short-lived, Netea explained, and were negligible compared to the impact of the lockdowns on the immune system. Netea: 'Lockdowns were necessary during the pandemic, especially at the beginning. However, it is important that we gain more insight into how social interactions affect and activate our immune system, so we can better manage the consequences. This way, we can apply such drastic social measures effectively and safely in a future pandemic.'
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New evidence on the relationship between moderate wine consumption and cardiovascular health | ScienceDaily
Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicentre study led by researchers from the University of Barcelona, the Hospital Clinic and the August Pi i Sunyer Biomedical Research Institute (IDIBAPS), the Physiopathology of Obesity and Nutrition Networking Biomedical Research Centre (CIBEROBN) and the University of Navarra (UNAV). The study, published in the European Heart Journal, is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.


						
According to the researchers, "there is no doubt that excessive alcohol consumption has serious health consequences. However, the effects of moderate and responsible wine consumption are still the subject of debate in the scientific community. The results of this study and others should help to place moderate wine consumption in its rightful place as an element of the Mediterranean diet, considered to be the healthiest in the world."        

The principal authors of the study are the researcher Ines Dominguez, from the UB's Faculty of Pharmacy and Food Sciences and the Nutrition and Food Safety Research Institute (INSA); Professor Ramon Estruch, from the UB's Faculty of Medicine and Health Sciences and IDIBAPS; Rosa Maria Lamuela, professor and ICREA Academia, and member of INSA, and Professor Miguel Angel Martinez, from the University of Navarra (UNAV); all members of CIBEROBN.

       Controversy over the effects of wine

Today, there is much controversy about the health effects of moderate consumption of alcoholic beverages in general and wine in particular. Ramon Estruch stresses that "part of this debate is due to conflicting results of studies that have pointed to a protective effect of wine, while others have found no such effect." These differences could be explained by possible errors in wine consumption records. "Epidemiological studies assessing the role of wine in the rate of cardiovascular events are often based on self-reported information on wine consumption. These are reliable data, but subject to measurement errors due to inaccurate recall or biased perceptions about the social desirability of drinking alcoholic beverages," he explains. In response to this problem, the researchers in this study measured wine consumption by means of food intake frequency surveys, which they confirmed with an objective biomarker: the concentration found in urine of tartaric acid, a molecule produced mainly in grapes and rarely synthesized by other plant species.

While excessive alcohol consumption has serious health consequences, a new multicentre study provides new evidence that drinking between half a glass of wine and a full glass of wine a day could help reduce the risk of heart problems.

A reduction from 38% to 50%

Using this methodology, the study analysed wine consumption and cardiovascular outcomes in a cohort of PREDIMED patients. In total, 1,232 participants were evaluated, including 685 who had a cardiovascular event (cardiovascular death, myocardial infarction, stroke or heart failure) and 625 who were randomly selected.




Analysis of the data shows that light wine consumption (between one glass per week and less than half a glass per day) reduces the risk of having a cardiovascular complication by 38%, but this reduction reaches 50% when consumption is moderate (between half a glass and one glass per day). However, when consumption exceeds one drink per day, the protective effect disappears. The researchers also warn that "when we talk about moderate wine consumption, it is always with meals, never between meals."

More studies to confirm the results        

Despite these conclusions, Ines Dominguez points out that "the observational design of the study limits the ability to establish causality," and the experts point out that more research is needed: "The results of cohort studies should always be confirmed for greater certainty." In this regard, they point to two potential avenues for action. The first would involve the design of randomized nutritional intervention studies, by randomly assigning participants to groups with different wine consumption. "These are very expensive studies to conduct. There is one underway now, but the results will still take four to five years," they add. The second would be to study the mechanisms of these protective effects of wine on the cardiovascular system, such as research on the anti-inflammatory power of wine polyphenols -- such as resveratrol and other phenolic compounds. "Knowing the mechanisms gives a lot of plausibility to the results of epidemiological cohort studies," they conclude.    
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Microplastics in the air may be leading to lung and colon cancers | ScienceDaily
Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that UC San Francisco researchers suspect may be causing respiratory and other illnesses.


						
A review of some 3,000 studies implicates these particles in a variety of serious health problems. These include male and female infertility, colon cancer and poor lung function. The particles also may contribute to chronic pulmonary inflammation, which can increase the risk of lung cancer.

"These microplastics are basically particulate matter air pollution, and we know this type of air pollution is harmful," said Tracey J. Woodruff, PhD, MPH, a professor of obstetrics, gynecology and reproductive sciences at UCSF.

Woodruff directs the Program on Reproductive Health & the Environment (PRHE) and is the senior author of the study, which appears Dec. 18 in the journal Environmental Science & Technology.

Small particles, big problem

Microplastics are less than 5 millimeters -- smaller than a grain of rice -- and they are ubiquitous in the environment. Each year, companies around the world produce nearly 460 million metric tons of plastic. That is projected to reach 1.1 billion by 2050.

A major source of plastic in the air is driving. Friction wears down tires along with the road surface, sending plastic fragments into the air.




The paper is the first systematic review of microplastics using gold standard methods approved by the National Academy of Sciences.

Most of the studies in the review were based on animals. But the researchers said the conclusions likely also apply to humans since they share many of the same exposures.

The study expands on a report the researchers worked on last year with the California State Policy Evidence Consortium (CalSPEC). The Consortium includes experts across the UC system and provides evidence for policymakers in the California State Legislature.

"We urge regulatory agencies and policy leaders to consider the growing evidence of health harms from microplastics, including colon and lung cancer," said Nicholas Chartres, PhD.

Chartres, the study's first author, led the science and policy team at PRHE and is now at the University of Sydney. "We hope state leaders will take immediate action to prevent further exposures."
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Potentially harmful bacteria slip through antimicrobial showerheads | ScienceDaily
To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But in ACS ES&T Water, researchers now report that these fixtures are no "silver bullet." In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.


						
The stream of droplets and fine mist that form during a shower could be inhaled or swallowed. Installing showerheads containing silver -- a naturally antimicrobial metal -- is a cost-effective way to potentially protect against drinking water-associated pathogens (DWPIs). DWPIs, such as the strains Pseudomonas and Legionella, can cause infections in people with compromised immune systems. However, researchers have previously reported that reducing DWPI by adding copper and silver to a building's water system to eliminate bacteria and viruses (i.e., copper-silver ionization) is a temporary or minor fix. The copper-silver ionization study results have raised concerns in the scientific community that short-term silver exposure in showerheads could fortify microbes instead and increase the risk of antimicrobial resistance, rather than curb it. So, Sarah-Jane Haig and colleagues wanted to see how showerheads containing silver affected the microbial composition of the water.

The team compared two conventional showerheads made of either plastic or metal with three fixtures that contained silver -- as a silver mesh within the showerhead, a silver-coated copper mesh in the showerhead and hose, or as a silver-embedded polymer composite. The showerheads were run in Haig's full-scale shower lab facility, which was developed to mimic real-world conditions.

Contrary to the antimicrobial claims of manufacturers, silver did not reduce overall DWPI concentrations or total bacteria in water samples in the researchers' shower lab. Haig and her team reasoned that this is a result of differences in their testing conditions versus those of the manufacturers'. More specifically, in this study the water came out of the showerhead in a quick rush, as would happen when someone takes a shower. However, the standard tests used by manufacturers expose microbe cultures to the silver material alone for 16 to 24 hours, which the team says is not an appropriate timeframe or a realistic scenario.

Although the overall pathogen concentration in the water samples didn't vary between standard and silver showerheads, the composition of the microbiome did. The populations were different for each of the silver-containing fixtures, which suggests that the way the silver was incorporated into the showerheads mattered, and rare microbes accounted for most of the differences. Further experiments by the team suggest that microbes in the silver-containing showerheads could be more prone to forming microbial communities called biofilms in response to the stressful environment. In addition, biofilms might explain the association between the number of different species and showerhead age, say the researchers, because these communities are reservoirs for DWPIs.

"These findings underscore the need for improved testing standards, real-world performance evaluation, and innovative solutions to mitigate microbial risks in water systems, benefiting consumers and vulnerable populations," says Haig.

The authors acknowledge funding from the National Science Foundation. 
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Nature's instructions: How fungi make a key medicinal molecule | ScienceDaily
For roughly a century, ever since Alexander Fleming's accidental discovery of penicillin in 1928, fungi have proven to be a goldmine for medicines. They've provided treatments for a wide range of diseases, from infections and high cholesterol to organ rejection and even cancer.


						
However, the process by which fungi synthesize some of their most potent compounds remains opaque. This is especially true of cyclopentachromone, a key building block in fungal products whose derivatives have shown promise in fighting cancer and reducing inflammation, among other medicinal properties.

Reading Nature's Instructions

While chemists have made progress in creating chromone derivatives in the lab, the molecule's distinctive structure has proven difficult to precisely and reliably copy. "It's very easy to wind up with a version where the chemical bonds aren't in the right place, or the structure is flipped," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE).

In a new paper in Journal of the American Chemical Society, members of the Gao Lab describe how they deciphered nature's own instructions -- namely, the genes of Penicillium citrinum, a mold commonly found on citrus fruits -- to discover a previously unreported enzyme that catalyzes the creation of cyclopentachromone-containing compounds.

"Nature has had billions of years to develop pathways for creating these compounds," says Gao, the paper's senior author. "Now we can borrow nature's tools to develop and study these compounds further, which could potentially lead to the development of new pharmaceuticals."

A Molecular Puzzle

Part of what makes cyclopentachromone unique is its distinctive structure, which includes a trio of carbon rings, two with six carbons, and one with five carbons. Like the scaffold used to erect a building, this series of rings provides the structural foundation for numerous bioactive molecules.




However, one of cyclopentachromone's known chemical precursors has an additional carbon, forming three rings of the same size. Exactly how nature changes that chemical to one with a different ring structure, when such rings are normally stable, has never been described before.

Elucidating the process required systematically turning genes on and off in P. citrinum until the pathway was disrupted, making clear which genes coded for the enzyme at work. "It was like having to test hundreds of light switches to see which one operates a particular bulb," says Qiuyue Nie, a postdoctoral fellow in the Gao Lab and the paper's first author.

As the researchers discovered, a different intermediary compound, 2S-remisporine A, which is produced by the newly identified enzyme, IscL, has a sulfur atom hanging off one side of the three-ring structure, like the hitch on the back of a truck.

From Mold to Medicine 

That high degree of reactivity is the source of cyclopentachromone's medicinal versatility: just as a truck can pull many different types of attachments, from wagons to boats, the carbon-sulfur bond in 2S-remisporine A can combine with a wide range of other groups, yielding a diverse array of molecules. "This intermediary compound is highly reactive," says Nie. "The carbon-sulfur bond can react with different sulfur donors to produce a lot of new compounds."

The fact that 2S-remisporine A is so reactive and will combine with various molecules, even itself, explains why this precursor has never been fully identified before. "We could never invent how to make such a reactive intermediate compound," says Nie. "We had to learn how nature makes it, then leverage those enzymatic tools ourselves."

The researchers hope that future work will walk this newly discovered pathway using the genetic map that guides it to further advance the use of fungal compounds in medicine. "Nature has an incredible toolbox," says Gao. "This paper shows us how one of those tools is made."




This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the National Institute of Health (R35GM138207) and a startup fund provided by the University of Pennsylvania.

Additional co-authors include Chunxiao Sun, Shuai Lu and Maria Zotova of Penn Engineering and Qiang Li and Tong Zhu of East China Normal University.
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New recommendations to increase transparency and tackle potential bias in medical AI technologies | ScienceDaily
Patients will be better able to benefit from innovations in medical artificial intelligence (AI) if a new set of internationally-agreed recommendations are followed.


						
A new set of recommendations published in The Lancet Digital Health and NEJM AI aims to help improve the way datasets are used to build Artificial intelligence (AI) health technologies and reduce the risk of potential AI bias.

Innovative medical AI technologies may improve diagnosis and treatment for patients, however some studies have shown that medical AI can be biased, meaning that it works well for some people and not for others. This means some individuals and communities may be 'left behind', or may even be harmed when these technologies are used.

An international initiative called 'STANDING Together (STANdards for data Diversity, INclusivity and Generalisability)' has published recommendations as part of a research study involving more than 350 experts from 58 countries. These recommendations aim to ensure that medical AI can be safe and effective for everyone. They cover many factors which can contribute to AI bias, including:
    	Encouraging medical AI to be developed using appropriate healthcare datasets that properly represent everyone in society, including minoritised and underserved groups;
    	Helping anyone who publishes healthcare datasets to identify any biases or limitations in the data;
    	Enabling those developing medical AI technologies to assess whether a dataset is suitable for their purposes;.
    	Defining how AI technologies should be tested to identify if they are biased, and so work less well in certain people.

Dr Xiao Liu, Associate Professor of AI and Digital Health Technologies at the University of Birmingham and Chief Investigator of the study said:

"Data is like a mirror, providing a reflection of reality. And when distorted, data can magnify societal biases. But trying to fix the data to fix the problem is like wiping the mirror to remove a stain on your shirt.

"To create lasting change in health equity, we must focus on fixing the source, not just the reflection."

The STANDING Together recommendations aim to ensure that the datasets used to train and test medical AI systems represent the full diversity of the people that the technology will be used for. This is because AI systems often work less well for people who aren't properly represented in datasets. People who are in minority groups are particularly likely to be under-represented in datasets, so may be disproportionately affected by AI bias. Guidance is also given on how to identify those who may be harmed when medical AI systems are used, allowing this risk to be reduced.




STANDING Together is led by researchers at University Hospitals Birmingham NHS Foundation Trust, and the University of Birmingham, UK. The research has been conducted with collaborators from over 30 institutions worldwide, including universities, regulators (UK, US, Canada and Australia), patient groups and charities, and small and large health technology companies. The work has been funded by The Health Foundation and the NHS AI Lab, and supported by the National Institute for Health and Care Research (NIHR), the research partner of the NHS, public health and social care.

In addition to the recommendations themselves, a commentary published in Nature Medicine written by the STANDING Together patient representatives highlights the importance of public participation in shaping medical AI research.

Sir Jeremy Farrar, Chief Scientist of the World Health Organisation said:

"Ensuring we have diverse, accessible and representative datasets to support the responsible development and testing of AI is a global priority. The STANDING Together recommendations are a major step forward in ensuring equity for AI in health."

Dominic Cushnan, Deputy Director for AI at NHS England said:

"It is crucial that we have transparent and representative datasets to support the responsible and fair development and use of AI. The STANDING Together recommendations are highly timely as we leverage the exciting potential of AI tools and NHS AI Lab fully supports the adoption of their practice to mitigate AI bias.''

The recommendations have been published today (18th December 2024), and are available open access via The Lancet Digital Health.

These recommendations may be particularly helpful for regulatory agencies, health and care policy organisations, funding bodies, ethical review committees, universities, and government departments.
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Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles | ScienceDaily
Scientists in South Korea have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size.


						
The findings, published Wednesday, December 18 in the Cell Press journal Device, suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

"The high adaptability of microrobot swarms to their surroundings and high autonomy level in swarm control were surprising," says author Jeong Jae Wie of the Department of Organic and Nano Engineering at Hanyang University in Seoul, South Korea.

Wie and colleagues tested how well microrobot swarms with different assembly configurations performed at a variety of tasks. They found that swarms with high aspect ratio assembly could climb an obstacle five times higher than the body length of a single microrobot and hurl themselves, one by one, over an obstacle.

A large swarm of 1,000 microrobots with high packing density formed a raft that floated on water and wrapped itself around a pill that weighed 2,000 times more than each individual robot, enabling the swarm to transport the drug through the liquid.

On dry land, a robot swarm managed to transport cargo 350 times heavier than each individual, while another microrobot swarm was able to unclog tubes that resembled blocked blood vessels. Finally, through spinning and orbital dragging motions, Wie's team developed a system through which robot swarms could guide the motions of small organisms.

Scientists have become increasingly interested in studying how swarms of robots can collectively achieve goals, inspired by the way ants band together to bridge a gap in a path or huddle in the shape of a raft to survive floods. Similarly, working together makes robots more resistant to failure -- even if some members of the group fall short of the goal, the rest keep performing their programmed motions until enough of them eventually succeed.




"Previous swarm robotics research has focused on spherical robots, which come together through point-to-point contact," says Wie. In this study, the researchers designed a swarm made up of cube-shaped microrobots, which share stronger magnetic

attractions since larger surface areas -- entire faces of each cube -- can come into contact.

Each microrobot stands 600 micrometers tall and consists of an epoxy body embedded with particles of ferromagnetic neodymium-iron-boron (NdFeB), which enables it to respond to magnetic fields and interact with other microrobots. By powering the robots with a magnetic field generated by rotating two connected magnets, the swarm can self-assemble. The researchers programmed the robots to come together in different configurations by varying the angle at which the robots were magnetized.

"We developed a cost-effective mass production method using onsite replica molding and magnetization, ensuring uniform geometry and magnetization profiles for consistent performance," says Wie.

"While the study's results are promising, the swarms will need higher levels of autonomy before they will be ready for real-world applications," says Wie.

"The magnetic microrobot swarms require external magnetic control and lack the ability to autonomously navigate complex or confined spaces like real arteries," he says. "Future research will focus on enhancing the autonomy level of the microrobot swarms, such as real-time feedback control of their motions and trajectories."
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Physicists magnetize a material with light | ScienceDaily
MIT physicists have created a new and long-lasting magnetic state in a material, using only light.


						
In a study that will appear in Nature, the researchers report using a terahertz laser -- a light source that oscillates more than a trillion times per second -- to directly stimulate atoms in an antiferromagnetic material. The laser's oscillations are tuned to the natural vibrations among the material's atoms, in a way that shifts the balance of atomic spins toward a new magnetic state.

The results provide a new way to control and switch antiferromagnetic materials, which are of interest for their potential to advance information processing and memory chip technology.

In common magnets, known as ferromagnets, the spins of atoms point in the same direction, in a way that the whole can be easily influenced and pulled in the direction of any external magnetic field. In contrast, antiferromagnets are composed of atoms with alternating spins, each pointing in the opposite direction from its neighbor. This up, down, up, down order essentially cancels the spins out, giving antiferromagnets a net zero magnetization that is impervious to any magnetic pull.

If a memory chip could be made from antiferromagnetic material, data could be "written" into microscopic regions of the material, called domains. A certain configuration of spin orientations (for example, up-down) in a given domain would represent the classical bit "0," and a different configuration (down-up) would mean "1." Data written on such a chip would be robust against outside magnetic influence.

For this and other reasons, scientists believe antiferromagnetic materials could be a more robust alternative to existing magnetic-based storage technologies. A major hurdle, however, has been in how to control antiferromagnets in a way that reliably switches the material from one magnetic state to another.

"Antiferromagnetic materials are robust and not influenced by unwanted stray magnetic fields," says Nuh Gedik, the Donner Professor of Physics at MIT. "However, this robustness is a double-edged sword; their insensitivity to weak magnetic fields makes these materials difficult to control."

Using carefully tuned terahertz light, the MIT team was able to controllably switch an antiferromagnet to a new magnetic state. Antiferromagnets could be incorporated into future memory chips that store and process more data while using less energy and taking up a fraction of the space of existing devices, owing to the stability of magnetic domains.




"Generally, such antiferromagnetic materials are not easy to control," Gedik says. "Now we have some knobs to be able to tune and tweak them."

Gedik is the senior author of the new study, which also includes MIT co-authors Batyr Ilyas, Tianchuang Luo, Alexander von Hoegen, Zhuquan Zhang and Keith Nelson, along with collaborators at the Max Planck Institute for the Structure and Dynamics of Matter in Germany, University of the Basque Country in Spain, Seoul National University, and the Flatiron Institute in New York.

Off balance

Gedik's group at MIT develops techniques to manipulate quantum materials in which interactions among atoms can give rise to exotic phenomena.

"In general, we excite materials with light to learn more about what holds them together fundamentally," Gedik says. "For instance, why is this material an antiferromagnet, and is there a way to perturb microscopic interactions such that it turns into a ferromagnet?"

In their new study, the team worked with FePS3 -- a material that transitions to an antiferromagnetic phase at a critical temperature of around 118 Kelvin (-247 degrees Fahrenheit).




The team suspected they might control the material's transition by tuning into its atomic vibrations.

"In any solid, you can picture it as different atoms that are periodically arranged, and between atoms are tiny springs," von Hoegen explains. "If you were to pull one atom, it would vibrate at a characteristic frequency which typically occurs in the terahertz range."

The way in which atoms vibrate also relates to how their spins interact with each other. The team reasoned that if they could stimulate the atoms with a terahertz source that oscillates at the same frequency as the atoms' collective vibrations, called phonons, the effect could also nudge the atoms' spins out of their perfectly balanced, magnetically alternating alignment. Once knocked out of balance, atoms should have larger spins in one direction than the other, creating a preferred orientation that would shift the inherently nonmagnetized material into a new magnetic state with finite magnetization.

"The idea is that you can kill two birds with one stone: You excite the atoms' terahertz vibrations, which also couples to the spins," Gedik says.

Shake and write

To test this idea, the team worked with a sample of FePS3 that was synthesized by colleages at Seoul National University. They placed the sample in a vacuum chamber and cooled it down to temperatures at and below 118 K. They then generated a terahertz pulse by aiming a beam of near-infrared light through an organic crystal, which transformed the light into the terahertz frequencies. They then directed this terahertz light toward the sample.

"This terahertz pulse is what we use to create a change in the sample," Luo says. "It's like 'writing' a new state into the sample."

To confirm that the pulse triggered a change in the material's magnetism, the team also aimed two near-infrared lasers at the sample, each with an opposite circular polarization. If the terahertz pulse had no effect, the researchers should see no difference in the intensity of the transmitted infrared lasers.

"Just seeing a difference tells us the material is no longer the original antiferromagnet, and that we are inducing a new magnetic state, by essentially using terahertz light to shake the atoms," Ilyas says.

Over repeated experiments, the team observed that a terahertz pulse successfully switched the previously antiferromagnetic material to a new magnetic state -- a transition that persisted for a surprisingly long time, over several milliseconds, even after the laser was turned off.

"People have seen these light-induced phase transitions before in other systems, but typically they live for very short times on the order of a picosecond, which is a trillionth of a second," Gedik says.

In just a few milliseconds, scientists now might have a decent window of time during which they could probe the properties of the temporary new state before it settles back into its inherent antiferromagnetism. Then, they might be able to identify new knobs to tweak antiferromagnets and optimize their use in next-generation memory storage technologies.

This research was supported in part by the U.S. Department of Energy, Materials Science and Engineering Division, Office of Basic Energy Sciences, and the Gordon and Betty Moore Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241218131319.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Building a backbone: Scientists recreate the body's 'GPS system' in the lab | ScienceDaily

The work, published today in Nature, marks a significant step forward in our ability to study how the human body takes shape during early development.

The notochord, a rod-shaped tissue, is a crucial part of the scaffold of the developing body. It is a defining feature of all animals with backbones and plays a critical role in organising the tissue in the developing embryo.

Despite its importance, the complexity of the structure has meant it has been missing in previous lab-grown models of human trunk development.

In this research, the scientists first analysed chicken embryos to understand exactly how the notochord forms naturally. By comparing this with existing published information from mouse and monkey embryos, they established the timing and sequence of the molecular signals needed to create notochord tissue.

With this blueprint, they produced a precise sequence of chemical signals and used this to coax human stem cells into forming a notochord.

The stem cells formed a miniature 'trunk-like' structure, which spontaneously elongated to 1-2 millimetres in length. It contained developing neural tissue and bone stem cells, arranged in a pattern that mirrors development in human embryos. This suggested that the notochord was encouraging cells to become the right type of tissue at the right place at the right time.




The scientists believe this work could help to study birth defects affecting the spine and spinal cord. It could also provide insight into conditions affecting the intervertebral discs -- the shock-absorbing cushions between vertebrae that develop from the notochord. These discs can cause back pain when they degenerate with age.

James Briscoe, Group Leader of the Developmental Dynamics Laboratory, and senior author of the study, said: "The notochord acts like a GPS for the developing embryo, helping to establish the body's main axis and guiding the formation of the spine and nervous system. Until now, it's been difficult to generate this vital tissue in the lab, limiting our ability to study human development and disorders. Now that we've created a model which works, this opens doors to study developmental conditions which we've been in the dark about."

Tiago Rito, Postdoctoral Fellow in the Developmental Dynamics Laboratory, and first author of the study, said: "Finding the exact chemical signals to produce notochord was like finding the right recipe. Previous attempts to grow the notochord in the lab may have failed because we didn't understand the required timing to add the ingredients.

"What's particularly exciting is that the notochord in our lab-grown structures appears to function similarly to how it would in a developing embryo. It sends out chemical signals that help organise surrounding tissue, just as it would during typical development."
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Syphilis had its roots in the Americas | ScienceDaily
A research team led by members of the Max Planck Institute for Evolutionary Anthropology has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.


						
In spring 1495, the Italian campaign of Charles VIII of France was interrupted by an intense outbreak of an apparently unknown illness -- a disease of high mortality that quickly engulfed the whole of Europe and left its survivors with life changing impairments to their bodies and minds. This documented epidemic is now interpreted to be the first historical account of syphilis.

The origin of syphilis is the subject of a decades-long debate. The late 15th century outbreak occurred shortly after the return of Columbus and his crew from their early expeditions to the Americas, which led some to believe that contact with new lands and people may have had something to do with the sudden disease onset. Though many communicable diseases made a westward journey from Europe to the Americas during the early colonial period where they imparted devastating consequences on indigenous groups, syphilis is one of the few that possibly made the reverse journey. This "Columbian theory" for syphilis has gained popularity over the years, but still has its critics. Its simple narrative starts to unravel when experts turn their attention to lesions seen in bones from Medieval Europe. Both long-term sufferers and those born with an infection can develop changes in their bones or teeth, and over the past several decades, a number of such skeletons have been found in Europe that predate 1492. Many now believe the history of syphilis in Europe began long before Columbus, and the late 15th century pandemic happened for reasons independent of new contacts. But neither theory has been confirmed.

Analyzing five ancient pathogen genomes

Pathogen DNA retrieved from archaeological bone has the potential to tip the scales in support of one theory over another. It has already told us volumes about the deep history of plague, tuberculosis, leprosy, and smallpox, though unthreading the history of syphilis has proven more challenging. "Several genomes from the syphilis family have been reconstructed from archaeological bone, but these haven't been able to address core questions related to the pre- or post-Columbian theories surrounding syphilis," says Kirsten Bos, group leader for molecular paleopathology at the Max Planck Institute for Evolutionary Anthropology.

A new study led by Bos and Johannes Krause, director of the Department of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology in Leipzig, has taken a critical step toward resolving this debate. Working with scientists and archaeologists from several countries in the Americas, the study focused on archaeological bone from these regions, where infections that left lesion patterns similar to syphilis are apparent from deep time periods. "We've known for some time that syphilis-like infections occurred in the Americas for millennia, but from the lesions alone it's impossible to fully characterize the disease," comments Casey Kirkpatrick, a postdoctoral researcher and paleopathologist who contributed to the current study. Bone pathology also cannot tell us whether the disease originated in the Americas, or if it came from Asia deep in our past and merely accompanied groups during the early peopling events of the Americas some 15,000 years ago.

Using state of the art techniques, the team was able to recover and analyze five ancient genomes of the syphilis disease family from Mexico, Chile, Peru, and Argentina. Computational microbiologist and postdoctoral researcher Lesley Sitter undertook the task of putting together the ancient molecular puzzles and adds "while preservation posed some analytical challenges, we were able to confidently determine the relationships between these extinct forms and the strains that impact global health today."

Syphilis family of diseases in the Americas pre-dates "Columbus"




Syphilis is part of a small family of diseases that also includes yaws and bejel, both classified as neglected tropical diseases that are found in equatorial regions across the globe. Postdoctoral researcher Rodrigo Barquera has worked previously with archaeological bone from colonial Mexico, and has confirmed the presence of both syphilis and yaws in Mexico City by the 17th century. Drawing upon the latest ancient genomic data, it is now clear that the Americas were a hub for ancient diversity within this disease group before the arrival of Columbus. "We see extinct sister lineages for all known forms of this disease family, which means syphilis, yaws, and bejel are the modern legacies of pathogens that once circulated in the Americas," asserts Barquera.

"The data clearly support a root in the Americas for syphilis and its known relatives, and their introduction to Europe starting in the late 15th century is most consistent with the data," adds Bos. Subsequent to this, an explosion in cases of syphilis and yaws seems to have occurred around AD 1,500. This is likely behind the breadth and intensity of the 16th century outbreak in Europe, whose global spread was facilitated by human trafficking networks and European expansions across the Americas and Africa in the decades and centuries that followed. "While indigenous American groups harboured early forms of these diseases, Europeans were instrumental in spreading them around the world," she concludes.

With support for an American origin of syphilis, how does the current narrative square up with the evidence of syphilis-like bone lesions that many claim to have identified in pre-1492 Europe? "The search will continue to define these earlier forms, and ancient DNA will surely be a valuable resource," comments Krause. "Who knows what older related diseases made it around the world in humans or other animals before the syphilis family appeared."
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Overactive cells linked to type 2 diabetes | ScienceDaily
Researchers from the University of Missouri are studying potential therapies to target specific cells linked to the development of cardiovascular and metabolic disorders like high blood pressure and type 2 diabetes.


						
A newly released study focused on a cluster of chemoreceptors cells located near the carotid artery in the neck. When overactive, the cells are a predictor of cardiovascular-related conditions and mortality.

Because these chemoreceptors can sense the concentration of oxygen in the body, MU researchers raised the question of whether manipulating oxygen levels might affect chemoreceptor overactivity and potentially impact cardiovascular and metabolic function.

"There are exciting studies in rats that show removing these chemoreceptors when they become overactive can improve issues like high blood pressure and high blood sugar," said Jacqueline Limberg, first author and associate professor of nutrition and exercise physiology. "Before we consider completely removing them in patients, we theorized that high doses of oxygen might reduce or 'shut off' chemoreceptor activity, thus improving health outcomes."

Two groups participated in the MU study -- 17 people with and 20 people without type 2 diabetes as the control. The research team found the peripheral chemoreceptors were indeed overactive in adults with diabetes, with the highest level of activity associated with patients with the highest blood sugar.

After entering hyperoxia -- a state where one is exposed to high levels of oxygen -- the chemoreceptors' activity fell, along with heart rate, blood pressure and the number of breaths taken per minute. The effect, however, did not differ between the two groups. In addition, there was no impact on glucose tolerance or insulin sensitivity.

"The goal of this study was to understand how peripheral chemoreceptors affect the cardiovascular and metabolic consequences of type 2 diabetes," said Camila Manrique-Acevedo, co-author and professor of medicine. "We now understand one bout of hyperoxia does not immediately improve function. Having this information allows us to focus our attention on other therapies that show promise for patients with type 2 diabetes."

Jacqueline Limberg, PhD is an associate professor of nutrition and exercise physiology, with appointments in the College of Agriculture, Food and Natural Resources. Camila Manrique-Acevedo, MD is a professor of medicine and the Thomas W. Burns, MD, Distinguished Professor in Diabetes at the School of Medicine. She is also a NextGen Precision Health investigator.
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App helps alleviate mental health symptoms in bereaved parents | ScienceDaily
A new study shows that an app can help parents who are mourning the loss of a child. Parents who used the app for three months reported reduced symptoms of prolonged grief and post-traumatic stress, and also had fewer negative thoughts. Some parents thought the app should be offered early in the mourning process. This is demonstrated in a new study from Uppsala University, published in the scholarly journal Cognitive Behaviour Therapy.


						
In the acute grief following a death, it is natural for family members to think it feels unreal and difficult to accept that the person who has died will not be coming back. For most people, the intense grief diminishes over time. They can accept the grief, live positively and manage to look ahead. However, some people become stuck in acute grief, a condition known as 'prolonged grief'.

"They may preserve the child's room as it was or visit the grave very frequently, even several years after the loss. It becomes a kind of ritual and a duty that they cannot escape. We have investigated whether the app can alleviate symptoms of prolonged grief and of depression and post-traumatic stress as well. In the study, we also investigate whether destructive patterns such as rumination and avoidance can be improved in this way," says Josefin Sveen, Professor of Clinical Psychology and first author of the study.

There are several apps based on cognitive behavioural therapy for coping with various mental health problems. A common feature of these apps is that they help the user to normalise thoughts, behaviours and feelings that are natural in the various situations they address.

Based on previous self-help app

In her previous research on the app PTSD Coach, a self-help app for people suffering from PTSD, Sveen discovered that parents whose child has died lack help in managing their grief. She therefore began to develop the new app in the hope that this could help them. Initially, she thought of parents whose child had died of cancer. Later, this group was expanded to include children dying from other causes.

The study involved 248 parents (80 per cent of them mothers). All had lost a child in the last 10 years. Almost half of the children had died of cancer and the average age at the time of death was 11. Participation was entirely voluntary. The participants were contacted by letter and via social media hosted by the Swedish Childhood Cancer Fund and Spadbarnsfonden (the Swedish Infant Death Foundation), which also co-financed the study. Half of the participants received access to the app, the other half had to wait three months before being allowed to use it.




"Grief meter'

The app has four components. Firstly, learning about grief and prolonged grief, and learning to accept grief. Secondly, help in finding support in your surroundings, for example, from friends, relations or colleagues, and easily accessible contact details to support organisations. Thirdly, practical exercises and strategies, including relaxation and help in writing about your grief and your feelings. One exercise involves writing a letter to the child who has died. It can also involve visiting physical places that you have previously avoided, or looking at photos of the child.

The fourth component is a 'grief meter' in which the user can rate their own grief and register how strong or weak the feeling of grief has been at different points during the day.

"Many participants thought this was particularly useful. Being able to see that their grief changed from day to day, that there are certain times when it is worst, and that they can feel quite all right in between," Sveen says. She continues:

"I am glad we have succeeded in producing an app that parents feel helps them. The feedback we received from them was that they appreciated the variety of functions offered by the app -- as they described it, it was helpful to have several types of support in just one place. The self-assessments that they made of their health also show that their prolonged grief symptoms declined thanks to the app. Some parents thought that in future, the app should be offered early in the process of mourning."

Next step young people

The study shows that the app can be a first step in providing information about grief and strategies for managing the challenges that grief brings. The next steps will be, firstly, to follow up the study in a year's time, and secondly, to conduct a similar study with an app for young people who have lost a parent and/or a sister or brother.
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Developing artificial intelligence tools for health care | ScienceDaily
Reinforcement Learning, an artificial intelligence approach, has the potential to guide physicians in designing sequential treatment strategies for better patient outcomes but requires significant improvements before it can be applied in clinical settings, finds a new study by Weill Cornell Medicine and Rockefeller University researchers.


						
Reinforcement Learning (RL) is a class of machine learning algorithms able to make a series of decisions over time. Responsible for recent AI advances, including superhuman performance at chess and Go, RL can use evolving patient conditions, test results and previous treatment responses to suggest the next best step in personalized patient care. This approach is particularly promising for decision making for managing chronic or psychiatric diseases.

The research, published in the Proceedings of the Conference on Neural Information Processing Systems (NeurIPS) and presented Dec. 13, introduces "Episodes of Care" (EpiCare), the first RL benchmark for health care.

"Benchmarks have driven improvement across machine learning applications including computer vision, natural language processing, speech recognition and self-driving cars. We hope they will now push RL progress in healthcare," said Dr. Logan Grosenick, assistant professor of neuroscience in psychiatry, who led the research.

RL agents refine their actions based on the feedback they receive, gradually learning a policy that enhances their decision-making. "However, our findings show that while current methods are promising, they are exceedingly data hungry," Dr. Grosenick adds.

The researchers first tested the performance of five state-of-the-art online RL models on EpiCare. All five beat a standard-of-care baseline, but only after training on thousands or tens of thousands of realistic simulated treatment episodes. In the real world, RL methods would never be trained directly on patients, so the investigators next evaluated five common "off-policy evaluation" (OPE) methods: popular approaches that aim to use historical data (such as from clinical trials) to circumvent the need for online data collection. Using EpiCare, they found that state-of-the-art OPE methods consistently failed to perform accurately for health care data.

"Our findings indicate that current state-of-the-art OPE methods cannot be trusted to accurately predict reinforcement learning performance in longitudinal health care scenarios," said first author Dr. Mason Hargrave, research fellow at The Rockefeller University. As OPE methods have been increasingly discussed for health care applications, this finding highlights the need for developing more accurate benchmarking tools, like EpiCare, to audit existing RL approaches and provide metrics for measuring improvement.




"We hope this work will facilitate more reliable assessment of reinforcement learning in health care settings and help accelerate the development of better RL algorithms and training protocols appropriate for medical applications," said Dr. Grosenick.

Adapting Convolutional Neural Networks to Interpret Graph Data

In a second NeurIPS publication presented on the same day, Dr. Grosenick shared his research on adapting convolutional neural networks (CNNs), which are widely used to process images, to work for more general graph-structured data such as brain, gene or protein networks. The broad success of CNNs for image recognition tasks during the early 2010s laid the groundwork for "deep learning" with CNNs and the modern era of neural-network-driven AI applications. CNNs are used in many applications, including facial recognition, self-driving cars and medical image analysis.

"We are often interested in analyzing neuroimaging data which are more like graphs, with vertices and edges, than like images. But we realized that there wasn't anything available that was truly equivalent to CNNs and deep CNNs for graph-structured data," said Dr. Grosenick.

Brain networks are typically represented as graphs where brain regions (represented as vertices) propagate information to other brain regions (vertices) along "edges" that connect and represent the strength between them. This is also true of gene and protein networks, human and animal behavioral data and of the geometry of chemical compounds like drugs. By analyzing such graphs directly, we can more accurately model dependencies and patterns between both local and more distant connections.

Isaac Osafo Nkansah, a research associate who was in the Grosenick lab at the time of the study and first author on the paper, helped develop the Quantized Graph Convolutional Networks (QuantNets) framework that generalizes CNNs to graphs. "We're now using it for modeling EEG (electrical brain activity) data in patients. We can have a net of 256 sensors over the scalp taking readings of neuronal activity -- that's a graph," said Dr. Grosenick. "We're taking those large graphs and reducing them down to more interpretable components to better understand how dynamic brain connectivity changes as patients undergo treatment for depression or obsessive-compulsive disorder."

The researchers foresee broad applicability for QuantNets. For instance, they are also looking to model graph-structured pose data to track behavior in mouse models and in human facial expressions extracted using computer vision.

"While we're still navigating the safety and complexity of applying cutting-edge AI methods to patient care, every step forward -- whether it's a new benchmarking framework or a more accurate model -- brings us incrementally closer to personalized treatment strategies that have the potential to profoundly improve patient health outcomes," concluded Dr. Grosenick.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241217201609.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Paranoia may be, in part, a visual problem | ScienceDaily
Could complex beliefs like paranoia have roots in something as basic as vision? A new Yale study finds evidence that they might.


						
When completing a visual perception task, in which participants had to identify whether one moving dot was chasing another moving dot, those with greater tendencies toward paranoid thinking (believing others intend them harm) and teleological thinking (ascribing excessive meaning and purpose to events) performed worse than their counterparts, the study found. Those individuals more often -- and confidently -- claimed one dot was chasing the other when it wasn't.

The findings, published Dec. 17 in the journal Communications Psychology, suggest that, in the future, testing for illnesses like schizophrenia could be done with a simple eye test.

"We're really interested in how the mind is organized," said senior author Philip Corlett, an associate professor of psychiatry at Yale School of Medicine and member of the Wu Tsai Institute. "Chasing or other intentional behaviors are what you might think of as experiences perceived at a very high-level in the brain, that someone might have to reason through and deliberate. In this study, we can see them low down in the brain, in vision, which we think is exciting and interesting -- and has implications for how those mechanisms might be relevant for schizophrenia."

Paranoia and teleological thinking are similar in that they are both misattributions of intention, but paranoia is a negative perception while teleological thinking tends to be positive. Both patterns of thinking are linked to psychosis and schizophrenia.

Hallucinations are associated with psychosis as well and are often about other people, said Corlett, suggesting there may be a social component to these visual misperceptions.

"So we wondered whether there might be something related to social perception -- or misperception, what we refer to as social hallucination -- that we could measure and that relate to these symptoms of psychosis," he said.




For the task, participants were shown dots moving on a screen. Sometimes one dot was chasing another; other times there was no chase. Across different trials of the task, participants had to say whether a chase was occurring or not.

Those with higher degrees of paranoia and teleological thinking (as measured through questionnaires) were more likely than others to say with confidence that a chase was happening when one wasn't. Essentially, they perceived a social interaction that wasn't occurring.

In additional experiments, the researchers asked participants to identify which dot was doing the chasing and which dot was being chased. In these results, paranoia and teleological thinking began to diverge.

"People with paranoia were particularly bad at detecting which dot was being chased," said Santiago Castiello, lead author of the study and a postdoctoral researcher in Corlett's lab. "And people with high teleology were particularly bad at detecting which dot was doing the chasing."

That these two types of beliefs differed in this way highlights that they are distinct and may have implications for diagnosis or treatment, said the researchers. The connection to vision may also shift thinking around how the brain gives rise to psychotic symptoms.

"Very few people with congenital blindness develop schizophrenia," said Castiello. "Finding these social hallucinations in vision makes me wonder if schizophrenia is something that develops through errors in how people sample the visual world."

While there are no immediate therapeutic implications from these findings, deeper understanding of these beliefs could aid in pharmacological treatment development and risk assessment.

"One thing we're thinking about now is whether we can find eye tests that predict someone's risk for psychosis," said Corlett. "Maybe there is some very quick perceptual task that can identify when someone might need to talk to a clinician."
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New virtual reality-tested system shows promise in aiding navigation of people with blindness or low vision | ScienceDaily
A new study offers hope for people who are blind or have low vision (pBLV) through an innovative navigation system that was tested using virtual reality. The system, which combines vibrational and sound feedback, aims to help users navigate complex real-world environments more safely and effectively.


						
The research from NYU Tandon School of Engineering, published in JMIR Rehabilitation and Assistive Technology, advances work from John-Ross Rizzo, Maurizio Porfiri and colleagues toward developing a first-of-its-kind wearable system to help pBLV navigate their surroundings independently.

"Traditional mobility aids have key limitations that we want to overcome," said Fabiana Sofia Ricci, the paper's lead author and a Ph.D. candidate in NYU Tandon Department of Biomedical Engineering (BME) and NYU Tandon's Center for Urban Science + Progress (CUSP). "White canes only detect objects through contact and miss obstacles outside their range, while guide dogs require extensive training and are costly. As a result, only 2 to 8 percent of visually impaired Americans use either aid."

In this study, the research team miniaturized the earlier haptic feedback of its backpack-based system into a discreet belt equipped with 10 precision vibration motors. The belt's electronic components, including a custom circuit board and microcontroller, fit into a simple waist bag, a crucial step toward making the technology practical for real-world use.

The system provides two types of sensory feedback: vibrations through the belt indicate obstacle location and proximity, while audio beeps through a headset become more frequent as users approach obstacles in their path.

"We want to reach a point where the technology we're building is light, largely unseen and has all the necessary performance required for efficient and safe navigation," said Rizzo, who is an associate professor in NYU Tandon's BME department, associate director of NYU WIRELESS, affiliated faculty at CUSP and associate professor in the Department of Rehabilitation Medicine at NYU Grossman School of Medicine.

"The goal is something you can wear with any type of clothing, so people are not bothered in any way by the technology."

The researchers tested the technology by recruiting 72 participants with normal vision, who wore Meta Quest 2 VR headsets and haptic feedback belts while walking around NYU's Media Commons at 370 Jay Street in Downtown Brooklyn, an empty room with only side curtains.




Through their headsets, the participants experienced a virtual subway station as someone with advanced glaucoma would see it -- with reduced peripheral vision, blurred details, and altered color perception. The environment, created with Unity gaming software to match the room's exact dimensions, allowed the team to determine how well participants could navigate using the belt's vibrations and audio feedback when their vision was impaired.

"We worked with mobility specialists and NYU Langone ophthalmologists to design the VR simulation to accurately recreate advanced glaucoma symptoms," says Porfiri, the paper's senior author, CUSP Director and an Institute Professor in NYU Tandon's Departments of BME and Mechanical and Aerospace Engineering. "Within this environment, we included common transit challenges that visually impaired people face daily -- broken elevators, construction zones, pedestrian traffic, and unexpected obstacles."

Results showed that haptic feedback significantly reduced collisions with obstacles, while audio cues helped users move more smoothly through space. Future studies will involve individuals with actual vision loss.

The technology complements the functionality of Commute Booster, a mobile app being developed by a Rizzo-led team to provide pBLV navigation guidance inside subway stations. Commute Booster "reads" station signage and tells users where to go, while the haptic belt could help those users avoid obstacles along the way.

In December 2023, the National Science Foundation (NSF) awarded Rizzo, Porfiri, and a team of NYU colleagues a $5 million grant via its Convergence Accelerator, a program whose mission includes supporting the development of assistive and rehabilitative technologies. That grant, along with others from NSF, funded this research and also supports Commute Booster's development. In addition to Ricci, Rizzo and Porfiri, Lorenzo Liguori and Eduardo Palermo are the paper's authors, both from the Department of Mechanical and Aerospace Engineering of Sapienza University of Rome, Italy.
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'Bad' bacteria can trigger painful gut contractions; new research shows how | ScienceDaily
After a meal of questionable seafood or a few sips of contaminated water, bad bacteria can send your digestive tract into overdrive. Your intestines spasm and contract, efficiently expelling everything in the gut -- poop and bacteria alike.


						
A new study from the University of Oregon shows how one kind of bacteria, Vibrio cholerae, triggers those painful contractions by activating the immune system. The research also finds a more general explanation for how the gut rids itself of unwanted intruders, which could also help scientists better understand chronic conditions like inflammatory bowel disease.

"This isn't a specific nefarious activity of the Vibrio bacteria," said Karen Guillemin, a microbiologist at the UO who collaborated on the work with biophysicist Raghu Parthasarathy. "The gut is a system where the default is, when there's damage, you flush."

The research was led by Julia Ngo, a now-graduated doctoral student in Guillemin and Parthasarathy's labs, and published Nov. 22 in the journal mBio.

Vibrio cholerae is best known for causing cholera, a severe illness that infects millions of people per year, often via contaminated water. A related Vibrio species is frequently linked to food poisoning from shellfish.

In past work, Parthasarathy's lab has shown that Vibrio cholerae bacteria amped up the strength of gut contractions in zebrafish. These fish, which are transparent as larvae, are a powerful tool for studying the dynamics of microbes in the gut because scientists can visualize what's happening in real time.

The team pinned the effect on a sword-like surface appendage that Vibrio bacteria usually use as a weapon against other microbes. Disarming the bacteria calmed the gut contractions -- but they weren't sure how or why.




The key, they show in this new research, is a type of immune cell called a macrophage.

Normally, macrophages tamp down the activity of neurons in the gut, keeping them calm and allowing things to move through the gut at a normal speed. But in response to tissue damage from the bacteria, the macrophages leave their posts and flock to the site of calamity, leaving the neurons unattended. Without macrophages to keep things in check, the neurons end up in overdrive, triggering strong contractions.

"It's amazing how dynamic all these cells are, the macrophages racing across the fish, the neurons and muscles pulsing with activity," Parthasarathy notes. "Without the ability to observe these phenomena in live animals, tracking cells and measuring gut contractions, we wouldn't have figured any of this out."

Those enhanced gut contractions are beneficial for the host, whether zebrafish or human.

"If the macrophages have to go deal with an injury, then it actually makes a lot of sense for the neurons to freak out and just push everything out of the gut," Guillemin said. "If there's something in the gut that's causing injury, you want to get it out of there."

The gut flushing is probably beneficial for the bacteria, too, giving them speedy access to new hosts. But Guillemin cautions against giving too much agency to microbes. The fact that Vibrio's weaponry against other bacteria also triggers this strong intestinal response probably isn't an exquisite adaptation, she said, but rather a convenient coincidence.

The study also highlights how cross talk between the immune and nervous systems might play an underappreciated role in gut health, Parthasarathy suggested. Deciphering how microbes influence that cross talk might give scientists new insights into a range of puzzling diseases.

This work was supported by the National Science Foundation and the National Institutes of Health.
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Nano drug delivery system heralds safer era for drug development | ScienceDaily
A team of University of Melbourne researchers from the Caruso Nanoengineering Group has created an innovative drug delivery system with outstanding potential to improve drug development.


						
The team has pioneered a drug delivery system that is a coordination network composed of only metal ions and biomolecules, known as metal-biomolecule network (MBN). This system eliminates the need for complicated drug 'carriers', making it potentially more useful in a range of applications.

The research has been published in Science Advances and was led by Melbourne Laureate Professor and NHMRC Leadership Fellow Frank Caruso, from the Department of Chemical Engineering in the Faculty of Engineering and Information Technology, with Research Fellows Dr Wanjun Xu and Dr Zhixing Lin joint first authors.

The MBN nanoparticles are formed by combining non-toxic metal ions (such as those absorbed through diet, like calcium or iron) with phosphonate biomolecules (such as DNA, which is the building block of life). The MBN nanoparticles are chemically and metabolically stable and have antiviral, antibacterial, antifungal, anti-inflammatory and anti-cancer properties.

Dr Zhixing said one of the most significant benefits of the MBN system will be potentially increased success in drug development, because it uses materials highly compatible with the human body and avoids the use of potentially toxic drug carrier systems.

"We have created functional metal[?]organic networks that can easily assemble biomolecule drugs for biomedical applications such as anti-cancer or anti-viral therapies, gene delivery, immunotherapy, biosensing, bioimaging or drug delivery," Dr Zhixing said.

A large number of drug carriers have been developed by scientists around the world, but many of these fail due to toxicity from materials that evoke an immune response.




"At present, the challenges of drug development and approval mean that only about one out of 10,000 drug compounds, on average, reaches market approval, with many others failing due to safety issues. Any additional, non-functional components in carriers can potentially increase toxicity," Dr Wanjun said.

The team had to overcome the challenge that 'free' biomolecular cargoes often cannot reach their target cells to achieve the required biological function. Over the two-year project, they were able to minimise the use of extra, non-functional components and create a simpler material system with greater potential for success, without compromising performance.

There are various strategies to ensure the MBN nanoparticles activate at the required location. For instance, in an acidic cancer environment, such as in tumours associated with breast cancer, where the tumour microenvironment is typically more acidic than surrounding tissues, the engineered nanoparticles could disassemble.

Professor Caruso said the MBNs are 'tuneable', which means they can be customised for various biomedical applications, with size, cargo, potential targeting, as well as other properties that can be engineered by selecting different biomolecules, metal ions and assembly conditions. "It provides a modular approach to construct multifunctional nanoparticles with diverse compositions."

"Our system provides insights into fundamental assembly mechanisms and will allow us to create a library of bioactive nanoparticles for biomedicine, as well as environmental science, where biological barriers to delivery also exist," Professor Caruso said.

The next phase of the team's research will focus on gaining a deeper understanding of the MBN system and trialling it to formulate advanced materials aimed at treating diseases.
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Research shows solitude is better for your health when it's not too intense | ScienceDaily
Hiking by yourself deep in a forest and similar episodes of intense solitude are not as likely to restore energy and enhance social connectedness as less complete forms of solitude, such as reading in a cafe or listening to Spotify while commuting, research by Oregon State University suggests.


						
The findings are important because of solitude's role in building connectedness, a key factor in a person's overall health picture. According to the U.S. Centers for Disease Control and Prevention, strong social ties are linked with a longer lifespan, better mental health and a lower risk of serious illness, including heart disease, stroke and dementia.

Morgan Quinn Ross, assistant professor of communication in the OSU College of Liberal Arts, and Scott Campbell of the Ohio State University surveyed nearly 900 adults in the United States and found that activities that provide less complete forms of solitude, like playing a game on your phone or going to a movie by yourself, offer some advantages over a solitary drive in the desert or writing in a secluded cabin.

"We learned that less complete solitude is more likely to restore energy and maintain a feeling of connection with others," Ross said. "In a world where social interaction is almost always just a click away, we need to understand how to balance social interaction with different types of solitude."

Ross and Campbell examined conditions under which an individual's solitude might be "shaded" by people and/or technology; accessibility to others and engagement with media can shade the solitude experience by causing time alone to be more social in nature, they note.

The researchers built a matrix of solitude that includes a base level -- no interaction with people -- and a total level, which refers to being inaccessible to others and not engaging with media. The matrix allowed them to investigate the tradeoff of solitude -- i.e., does experiencing it more completely maximize restoration, while experiencing it less completely maximizes relatedness?

Ross notes that a commonly held theory, Communicate Bond Belong, posits that social interaction can build relatedness with others at the expense of social energy, and that solitude can restore social energy but at the cost of relatedness. Social energy describes a person's capacity for social interaction and can be thought of as a battery that can be fully charged, partially charged or drained.




"Our study suggests that solitude is in fact not the flipside of social interaction," Ross said. "Whereas more intense social interaction yields connection but depletes energy, more intense solitude depletes both energy and connection. Solitude does not seem to function simply as a way to regain energy used in social interaction."

The scientists also learned that solitude was less detrimental to well-being for individuals who thought it helped them restore energy and maintain connection, regardless of how much energy their social interactions cost them.

Interestingly, these findings typically hold for both extroverts and introverts, said Ross, who added that one suggestion based on the study that people might try is attempting to seek solitude only when constructively motivated to do so.

"If you have a positive attitude toward solitude -- because you use it to restore energy and know that you will be able to connect with people later -- then choosing solitude will probably make you feel better," he said. "But if you choose solitude because of a negative attitude toward social interaction -- because you don't want to talk to people -- it will probably make you feel worse."

The study was published in PLOS One.
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Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth | ScienceDaily
Microgravity is known to alter the muscles, bones, the immune system and cognition, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, Scripps Research scientists, in collaboration with the New York Stem Cell Foundation, sent tiny clumps of stem-cell derived brain cells called "organoids" to the International Space Station (ISS).


						
Surprisingly, the organoids were still healthy when they returned from orbit a month later, but the cells had matured faster compared to identical organoids grown on Earth -- they were closer to becoming adult neurons and were beginning to show signs of specialization. The results, which could shed light on potential neurological effects of space travel, were published on October 23, 2024, in Stem Cells Translational Medicine.

"The fact that these cells survived in space was a big surprise," says co-senior author Jeanne Loring, PhD, professor emeritus in the Department of Molecular Medicine and founding director of the Center for Regenerative Medicine at Scripps Research. "This lays the groundwork for future experiments in space, in which we can include other parts of the brain that are affected by neurodegenerative disease."

On Earth, the team used stem cells to create organoids consisting of either cortical or dopaminergic neurons, which are the neuronal populations impacted in multiple sclerosis and Parkinson's disease -- diseases that Loring has studied for decades. Some organoids also included microglia, a type of immune cell that is resident within the brain, to examine the impact of microgravity on inflammation.

Organoids are usually grown in a nutrient-rich liquid medium that must be changed regularly to ensure that the cells have adequate nutrition, and to remove waste products. To avoid the need for lab work on the ISS, the team pioneered a method for growing smaller-than-usual organoids in cryovials -- small, airtight vials that were originally designed for deep freezing.

The organoids were prepared in labs at the Kennedy Space Station and traveled to the ISS in a miniature incubator. After a month in orbit, they returned to Earth, where the team showed that they were healthy and intact.

To examine how the space environment impacts cellular functions, the team compared the cells' RNA expression patterns -- a measure of gene activity -- to identical "ground control" organoids that had remained on Earth. Surprisingly, they found that the organoids grown in microgravity had higher levels of genes associated with maturity and lower levels of genes associated with proliferation compared to the ground controls, meaning that the cells exposed to microgravity developed faster and replicated less than those on Earth.




"We discovered that in both types of organoids, the gene expression profile was characteristic of an older stage of development than the ones that were on ground," says Loring. "In microgravity, they developed faster, but it's really important to know these were not adult neurons, so this doesn't tell us anything about aging."

The team also noted that, contrary to their hypothesis, there was less inflammation and lower expression of stress-related genes in organoids grown in microgravity, but more research is needed to determine why.

Loring speculates that microgravity conditions may more closely mirror the conditions experienced by cells within the brain compared to organoids grown under conventional lab conditions and in the presence of gravity.

"The characteristics of microgravity are probably also at work in people's brains, because there's no convection in microgravity -- in other words, things don't move," says Loring. "I think that in space, these organoids are more like the brain because they're not getting flushed with a whole bunch of culture medium or oxygen. They're very independent; they form something like a brainlet, a microcosm of the brain."

The paper describes the team's first space mission, but since then, they have sent four more missions to the ISS. With each one, they've replicated the conditions from the first mission and added additional experiments.

"The next thing we plan to do is to study the part of the brain that's most affected by Alzheimer's disease," says Loring. "We also want to know whether there are differences in the way neurons connect with each other in space. With these kinds of studies, you can't rely on earlier work to predict what the result would be because there is no earlier work. We're on the ground floor, so to speak; in the sky, but on the ground floor."

This work was supported by funding from the National Stem Cell Foundation. 
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More calories -- more consumption: Individuals with and without obesity both prefer high-calories food, study finds | ScienceDaily
Higher calorie foods were preferred among individuals with and without obesity despite similar taste and texture, according to a study published December 17 in the open-access journal PLOS Biology by Albino Oliveira-Maia from the Champalimaud Foundation, Portugal, and colleagues.


						
Eating sends signals to the brain with information about a food's energy content, which can influence food preferences irrespective of flavor. People with obesity often have impairments in areas of the brain where dopamine is released, which may drive reward-related eating and a preference for energy-dense foods rich in fat and sugars. Weight loss due to bariatric surgery has been associated to a normalization of reward-related eating with a shift of preferences toward healthier options, but the underlying mechanisms are not well understood.

In this study, after examining a large group of healthy volunteers, researchers compared food preferences in three groups: 11 individuals with obesity, 23 post-bariatric surgery patients, and 27 non-obese control subjects. They gave participants sweetened low-fat yogurt with and without maltodextrin (a carbohydrate that adds calories to the yogurt with no impact on taste or texture). Participants ate the yogurt at home, alternating between the maltodextrin-containing and -free yogurt. All three groups ate more of the maltodextrin-containing yogurt, despite rating both as equally pleasant. Somewhat unexpectedly, the effects of maltodextrin on yogurt consumption were similar in individuals with obesity relative to their non-obese counterparts.

The study also used radioactive iodine labeling and single photon emission computed tomography to visualize dopamine receptors in the brain. Consistent with previous studies, individuals with obesity had lower dopamine receptor availability than non-obese controls. Dopamine receptor availability was similar in the surgical and non-obese groups and was associated with more restrained eating. These results suggest that obesity-related brain changes can be reversed after bariatric surgery, potentially impacting the amount of food consumed but not necessarily the types of food preferred.

The authors add, "We were very intrigued that, while behavior was guided towards eating yoghurts with higher energy-content, this did not seem to be a result of explicit choices, since consistent changes in pleasantness of flavors enriched with carbohydrates were not found. Importantly, this behavior was maintained in patients with obesity and after weight-loss surgery, even though there were important differences in their brain dopaminergic system."
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Images of crucial cell receptors show promising new drug targets | ScienceDaily
Almost 35% of drugs approved by the Food and Drug Administration work by targeting G protein-coupled receptors (GPCRs), proteins embedded in cell membranes that allow cells to communicate with each other. Adhesion G protein-coupled receptors (aGPCRs) are the second largest family of these receptors in humans. As their name suggests, they help cells adhere, or stick to each other, and send signals inside the body.


						
These receptors are involved in many processes, such as how tissues grow, how the immune system works, and how organs form. Problems with aGPCRs can also lead to diseases like cancer, brain disorders, and growth issues. Despite the obviously important role they play in the body, however, there are no drugs approved to target aGPCRs because they are large, complex, and difficult to study.

New research from the University of Chicago combines two powerful imaging techniques to study the complete structure of a common aGPCR, including how its long and complex extracellular region interacts with the transmembrane region embedded in the cell surface. The different positions and movements of the extracellular region appear to be an important way to activate the receptor.

"This opens up new opportunities for drugging adhesion GPCRs, because now we are showing that the extracellular region is communicating with the transmembrane region," said Demet Arac, PhD, Associate Professor of Biochemistry and Molecular Biology at UChicago and senior author of the new study. The results were published this month in Nature Communications.

Capturing new images and new configurations

The extracellular region of an aGPCR extends from the cell membrane into space outside the cell, where it can bind to molecules and receptors from other cells. It consists of several domains, including the GPCR Autoproteolysis INducing (GAIN) domain, which can cleave itself into two pieces.

The common understanding of how to activate an aGPCR is that a ligand from outside the cell attaches to one of the extracellular domains and exerts force that separates the GAIN domain from its other piece, a peptide called the tethered agonist (TA) that remains attached to the transmembrane region. When the TA is separated, it can move and interact with the transmembrane region to initiate signaling, but a growing body of biochemistry research shows that many aGPCR functions don't rely on this cleavage-dependent mechanism. Separating the GAIN domain is also irreversible, leaving the receptor in a constant "on" state, which may be harmful for the cell. Sometimes a cell may need to toggle a receptor on and off, so there must be some other way of doing it.




Arac's lab has been working for 11 years to reveal the structure of full-length aGPCRs, hoping to learn how incoming signals are transmitted from outside to inside the cell. These receptors are notoriously difficult to fully understand because the extracellular regions have many complex and distinct configurations. Graduate student Szymon Kordon, PhD, led the new study, picking up the work of a previous student to capture images of the complete structure of Latrophilin3, an aGPCR involved in developing brain synapses that has also been linked to attention deficit hyperactivity disorder and several cancers.

Kordon and Arac optimized generation and purification of Latrophilin3 and captured initial electron microscopy images, but they faced numerous challenges to get a good picture of the receptor. They then worked with Antony Kossiakoff, PhD, the Otho S.A. Sprague Distinguished Service Professor of Biochemistry and Molecular Biology at UChicago, to create a synthetic antibody that could attach to the aGPCR. This antibody stabilized the extracellular region and lent it a distinctive shape that allowed Kordon to capture the full receptor structure using cryo-electron microscopy (cryo-EM), an imaging technique that freezes cells and molecules for a snapshot. The resulting images became the first known structure of a complete aGPCR.

The cryo-EM images showed that the GAIN domain of the receptor assumed several different positions in relation to the cell surface. Each different position of the GAIN domain created a different contact point between it and the transmembrane region. The researchers wondered if these different configurations could be a different means of communicating to the cell, without separating the GAIN domain completely. So, they partnered with Reza Vafabakhsh, PhD, Associate Professor of Molecular Biosciences at Northwestern University, and Kristina Cechova, PhD, a postdoctoral researcher at Northwestern, to run a second series of experiments that tracked the movements of the extracellular regions.

Cechova and the team used Forster resonance energy transfer (FRET) imaging, which can measure the energy transfer between molecules that are close to each other. After attaching fluorescent markers to different points on both the extracellular and transmembrane regions of the aGPCR, they could track its movements as it responded to adhesion forces pulling and pushing on it. What they saw confirmed their suspicion about the function of the different configurations.

"Different conformational states correlated to different signaling activity of the receptor," Kordon said. "That shows the functional relevance of these conformations on the downstream signaling in the cell." Kordon, who graduated in 2024, later received the Best Dissertation Award from the Department of Biochemistry and Molecular Biology at UChicago for his work on this project.

A new way of activating receptors

Arac said that now that they have a better understanding of the structure of aGPCRs and how they work, they can see potential for targeting them with drugs in the same way as other receptors. Researchers could engineer antibodies like the ones used in this study to stabilize them for imaging but designed to manipulate their activity instead. Since aGPCRs have distinct shapes and structures, these antibodies could be very precise as well. With 33 different aGPCRs already identified in humans, there are plenty of opportunities.

"This could be the future of drugging adhesion GPCRs," Arac said. "The advantage of this is that extracellular regions are very different from each other, so you can target them with a drug that doesn't bind to other receptors and cause unwanted side effects."
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World Cup soccer is getting faster for men and women alike | ScienceDaily
If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study published in the International Journal of Performance Analysis in Sport.


						
Professor Kevin Norton from the School of Health Sciences at UNSW Sydney analysed broadcast footage of 12 FIFA World Cup finals -- 2014-2022 for men and 1991-2023 for women -- to assess trends in the game.

Prof. Norton reviewed historical video footage with the support of computer-based tracking technology to track and quantify patterns, using what is called a retrospective correlation design. The study built on Prof. Norton's previous analysis of men's World Cup soccer finals games from 1966-2010, so ultimately took in the broadcast footage of 15 men's FIFA World Cup finals (1966-2022) and 9 women's finals (1991-2023) to quantify changes over time in specific metrics of finals games.

"The study confirms what football fans are likely to have observed, and that is that football is evolving for both the men's and women's game," says Prof. Norton.

"You can see that successful approaches stick around and unsuccessful attributes tend to disappear," says Prof. Norton, who is an expert in the evolution of elite sports performance.

"Looking at the World Cup finals was a way to see what is bringing the most success in terms of the evolution of soccer. And both the men's and women's game are on a similar trajectory, at a very similar rate," he says.

Games were analysed as halves to determine trends within games, and extra time (played if the scores are tied at the end of World Cup finals) was not included in this analysis.




The study looked at three broad categories: 1) game 'structure' using indicators such as the number and duration of play and stop periods, 2) distances and speed of ball movement and 3) passing rates relative to play time and overall ball movement.

The study found that total stoppage time, ball speed and passing rates increased significantly for both men and women, with ball speed increasing faster for women than men as speeds have converged over the last decades.

Game structure

By measuring play and stop patterns within games, the study found that total play times for men and women have remained unchanged over time (at around 50 minutes per game). However, total game stoppage time -- during which the clock stops -- has shown progressive increases.

Women's play percentage decreased significantly across time from an average of 65% to 55% of total game time to match current men's finals games play percentages. And the duration of stoppages has increased for both men and women.

"The increased stoppage time is likely allowing for an elevated intensity of play due to the opportunity for physiological recovery during stoppages," explains Prof. Norton.




Ball movement

The distance the ball travels during a game showed no significant change over time for men, but it increased for women. The speed of ball movement, however, has increased significantly in both men's and women's games. The study noted that the ball speed in women's games increased at a greater rate than in men's games as the women's ball speed continues to converge with the men's.

Passing rates

Passing rates continue to increase for both men and women as skills and accuracy further advance. Higher passing rates require superior decision-making skills, stealth movements and rapid ball control.

Key findings

"Speed is increasingly an advantage in football, which means all teams are looking to sign up faster players, and in turn they need to be skilful while moving fast. Players need to be able to control the ball almost instantaneously in a dense environment now, which is a change you can see over time," says Prof. Norton.

"The increased speed also means players need the ability to make decisions quickly, along with being accurate and fast in passing," he says.

Observing that success in the World Cup is linked with increased speed, and skill at speed, means teams are likely to focus their talent development on players with these attributes.

"Similarly, training and development will evolve to look at how to support the higher physical demands on players, by ensuring energy supply, and strategies to prevent fatigue and injury," says Prof. Norton.

"If these trends continue, pace, power, rapid decision-making and the ability to pass the ball precisely at high speed will become even more important," he says.

The women's game

This is the first study that has measured Women's World Cup soccer finals, and the evolution of the game has not been documented across this period.

"There has been significant underrepresentation of female athletes in sports science and medicine publications in most sports," says Prof. Norton.

"One of the interesting findings of this study is that both games are on the same trajectory. The professionalisation of women's soccer has meant women are playing full-time, and the speed and style of the game is now resembling the speed and style of the men's game, showing that the model is successful, otherwise the teams wouldn't continue on that pathway," he says.

Study limitations

The study is based on 15 men's games played over a 56-year period and 9 women's games over a 32-year period. And although the World Cup finals represent competition at the pinnacle of soccer performance, it may not be representative of soccer evolution in general. Games can also vary depending on contexts such as weather conditions, team strategies such as time wasting, refereeing style, score-line, injury and substitution use.

"Despite these game-to-game influences, we can observe an evolution of the game, and measure it to confirm statistically significant trends," says Prof. Norton.

The future

"Modern games are all about playing in very close, high-density environments where players need to think quickly to skillfully move the ball through that traffic. That's the way it's going, but can the game ultimately get faster?" asks Prof. Norton.

As the game evolves, the skills of stars like Lionel Messi and Sam Kerr will become a benchmark rather than an exception.

Another consequence of increased intensity is the toll it takes on players' bodies.

"Playing at such intensity every game takes its toll on the body and is associated with higher injury incidence. Managing players through appropriate training loads, recovery strategies and rehabilitation programs will become even more critical," says Prof. Norton

And on a final practical note, says Prof. Norton: "Players who can succeed at the pinnacle of sport are rare and finding them will involve searching every corner of the world ... and they will be remunerated accordingly."
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How the body clock regulates inflammation | ScienceDaily
New research from RCSI University of Medicine and Health Sciences has explained how the body's internal clock influences the inflammatory process of the immune system. The findings describe how immune cells, called macrophages, work differently at various times of the day and could pave the way for time-targeted treatments for inflammatory diseases such as arthritis.


						
The researchers explored the link between the immune system and the body's circadian rhythms often referred to as the body clock. Macrophages, immune cells that detect and respond to harmful substances, are able to trigger inflammation as a defense mechanism by assembling large complexes known as inflammasomes. Inflammasomes could be compared to 'smoke detectors' that will then alert the immune system of danger.

Activation of an inflammasome called NLRP3 was not found to be constant throughout the day but was regulated by the body's 24-hour circadian clock. This daily rhythm determines when macrophages are most efficient at detecting threats and when their energy levels peak to mount a response. The research also highlights a key role for mitochondria, the cell's energy producers, in driving these daily changes in immune activity.

"When macrophages 'think' it's morning, their inflammasome activation is quicker and more robust," explained Professor Annie Curtis, Principal investigator for the study at RCSI School of Pharmacy and Biomolecular Sciences. "This means the immune response is heightened during the early part of the day, a time when we are awake and more likely to encounter environmental challenges, such as injuries or infections."

The study has significant implications for understanding and treating inflammatory diseases, such as arthritis, where overactive inflammasomes play a key role. Symptoms of such diseases often worsen in the morning, something this research may help explain.

"With these findings, there's potential to refine treatments for inflammatory conditions," said Dr James O'Siorain, lead author of the study. "For instance, new therapies targeting inflammasomes could be more effective if administered at specific times of the day when macrophage activity peaks."

'Time of day control of mitochondria regulates NLRP3 inflammasome activation in macrophages' is published in The FASEB Journal. The research was supported by funding from Taighde Eireann -- Research Ireland.
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Is fake meat good to eat? Processed plant-based meat alternatives linked to depression risk in vegetarians | ScienceDaily
There is mounting evidence suggesting that ultra processed foods (UPF) are bad for our health; but if you stick to a vegetarian diet, is that still the case? Plant-Based Meat Alternatives (PBMA) are considered to be ultra-processed foods and may be associated with similar harms.


						
In the first study of its kind, published in Food Frontiers, researchers from the University of Surrey found that vegetarians who consumed PBMAs had a 42% increased risk of depression compared to vegetarians who refrained from PBMAs.

The study, which was led by Hana Navratilova, analysed data from the UK Biobank and found no notable differences in intake of sodium, free sugar, total sugar, or saturated fatty acids between those vegetarians who ate PBMAs and those who did not. The researchers did find, however, that those who eat PBMAs had higher blood pressure and C-reactive protein (CRP) levels, a marker of inflammation, and lower levels of apolipoprotein A, a protein associated with HDL, a "good" cholesterol; PBMA consumption was, however, also linked to a reduced risk of irritable bowel syndrome (IBS) by 40%.

Professor Nophar Geifman, from the School of Health Sciences at the University of Surrey, and senior author of the study, said:

"The overall findings are reassuring, suggesting that plant-based meat alternatives may be a safe option when they are part of an overall balanced diet. However, the potential link between these types of food, inflammation and depression warrants further investigation."

The study presented some limitations due to the data collected, which was predominantly from a white population in the UK, and dietary information only being gathered at the beginning of the study, not accounting for potential changes over time.

Professor Anthony Whetton, co-author of the study from the School of Veterinary Medicine at the University of Surrey, said:

"Ultra-processed plant-based meat alternatives can be a useful way for people to transition to a vegetarian diet effectively, and that helps with sustainable agricultural practices. Further research, including longitudinal studies and trials with more diverse populations, is necessary to confirm these findings and the relationship between vegetarian foods and mood."
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The longevity factor Foxo3 mediates 'unfit' cell elimination to ensure healthy body construction | ScienceDaily
From the very moment an egg is fertilized, life begins with a remarkable process: cells start dividing and replicating to make copies of themselves. Yet this process is not flawless. Errors can occur when genetic material is copied, creating "unfit" cells that don't work properly. To keep development on track, cells employ a fascinating quality control system called cell competition. However, much about this mechanism remains unclear.


						
Now, in a study recently published in Nature Communications, Japanese researchers have uncovered the key mechanisms behind physiological cell competition and developmental robustness using an elegant series of experiments in zebrafish.

The research team from Osaka University used zebrafish to visualize the specific cell patterns of spinal cord and muscle tissue. By blocking or inhibiting apoptosis -- a type of programmed cell death -- they discovered altered cell patterns in these tissues.

"As expected, when we blocked apoptosis during zebrafish development, we observed abnormal patterns in the spinal cord and muscle," says lead author of the study Kanako Matsumoto. "This finding emphasized the importance of apoptosis for eliminating unfit cells via cell competition, but it also raised a crucial question: how are these unfit cells sensed and removed?"

To uncover the answer, the team focused on a protein known as Sonic hedgehog (Shh), which has a clear activity gradient in developing zebrafish tissue. Through sophisticated imaging techniques, the researchers found that cells with abnormal Shh activity levels for their location displayed high levels of apoptotic markers. Furthermore, when apoptosis was blocked, these unfit cells became more abundant, disrupting the Shh gradient. Together, these results suggested that unfit cells with abnormal Shh activity undergo cell death. This begged another question: how do cells communicate their Shh activity levels to one another?

The team discovered that N-cadherin, a membrane protein, enables neighboring cells to sense and respond to cells with abnormal Shh activity, and that the removal of unfit cells occurs via a specific pathway -- the Smad/Foxo3/reactive oxygen species/Bcl2 pathway.

This discovery led to the identification of Foxo3, a protein previously linked to longevity, as a mediator of cell competition. Cell competition can eliminate various unfit cells, including those with abnormal Wnt, Shh, or oncogenic Ras signaling, or those with low pluripotency, abnormal ribosomes, or mitochondrial defects. However, the roles and mechanisms of endogenous cell competition during organogenesis remain unclear. Numerous factors drive cell competition. The researchers therefore wondered: are there any universal machineries regulating the diverse types of cell competition?

"Foxo3 is a common mediator of unfit cell elimination in various types of cell competition in zebrafish and mice, and Foxo3-mediated physiological cell competition is required to eliminate naturally generated unfit cells and for the consequent precise development of embryonic, spinal cord, and muscle tissues," says Tohru Ishitani, senior author of the study.

Genetic variations in Foxo3 are associated with longevity, whereas low Foxo3 activity is associated with age-related diseases. Foxo3 may also sustain the robustness of tissue homeostasis through cell competition, and reduced Foxo3 activity would thus lead to the accumulation of unfit cells. This poses significant risks not only in disorders of development but also in cancer initiation and aging. Conversely, understanding how cell competition eliminates unfit cells may offer exciting possibilities for new treatments that combat congenital disorders, cancer, age-related diseases, and aging, potentially improving health and longevity.

Interestingly, Foxo3 expression was detected in unfit cells in both zebrafish and mice, pointing to its potential role as a universal marker of cell competition. As co-lead author Yuki Akieda concludes, "This new marker would allow us to precisely detect naturally generated unfit cells, thereby helping us to understand the importance of physiological cell competition and elucidate the causes of 'abnormality' of unfit cells."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241217131237.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Salmon genes unlock secrets of puberty and evolution | ScienceDaily
A study carried out at the University of Helsinki shows how a single gene in Atlantic salmon can dramatically influence the timing of puberty -- a key factor for salmon life cycle and survival.


						
Researchers discovered that the gene, known as vgll3, acts as a master regulator, controlling thousands of other genes involved in various aspects of salmon sexual maturation.

"Imagine a single switch determining whether puberty begins at age 13 or 20 in humans. Vgll3 plays a similar role in salmon, influencing traits like when reproductive cells start to develop, growth patterns, and behavioral changes. Our results explain how genetic variation in a single gene can have such dramatic effects on very complex and multifaceted traits as puberty or maturation age," explains Associate Professor Jukka-Pekka Verta, now at Nord University, Norway, who conducted this study as a part of his post-doctoral research at the University of Helsinki.

This discovery not only explains how complex traits like puberty onset evolve and vary but also highlights a process called "pleiotropy," where one gene affects multiple characteristics, like the conductor of an orchestra.

The Vgll3 gene is involved in controlling pubertal timing in humans, but it has a much smaller influence. The same gene has a much larger effect, and is kind of a switch, on an auto-immune skin disease in humans. This disease, lupus, is much more common in females than males.

Hydroelectric dams can affect salmon maturation

The findings have far-reaching implications, particularly for understanding rapid evolutionary changes in salmon populations affected by human activities, such as hydroelectric dam development.

As salmon are a migratory species, they need a clear pathway between their breeding grounds in the river and their feeding areas in the ocean. Many hydroelectric dams do not have functioning fish ladders, and this can block all the breeding areas above a dam.

"If the areas for breeding below the dam are only suitable for example, for smaller salmon, there might be very strong natural selection against the 'late maturation vgll3 variant', which is a means for the salmon population to adapt to the changed conditions, but this also reduces the diversity of the population which can have longer term negative consequences. Now we better understand what other genes and processes may be affected by such changes." describes Professor Craig Primmer from the Faculty of Biological and Environmental Sciences, University of Helsinki

By altering the frequency of certain vgll3 variants, natural selection can drive significant changes in traits like size, number of eggs and behavior. This research underscores the importance of fundamental evolutionary studies in managing wild populations and predicting how environmental changes impact ecosystems.
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Almost three quarters of adolescents experience depression or anxiety | ScienceDaily
Almost three quarters of adolescents in Australia experience clinically significant depression or anxiety symptoms, with most being chronic, according to a new study. And preventive strategies outside our clinics are urgently required to address this considerable public health problem facing the nation.


						
The research, led by Murdoch Children's Research Institute (MCRI) and published in The Lancet Psychiatry, found mental health problems were frequently chronic with 64 per cent reporting symptoms three or more times across their adolescent years.

MCRI Dr Ellie Robson said the rate and recurrence of depression and anxiety symptoms were concerning given mental health problems during adolescence had serious consequences across the lifespan.

"These are striking findings, particularly given how many young people experienced symptoms over multiple years of the study and how much depression and anxiety symptoms can affect young people's functioning and can have long-lasting negative health outcomes," she said.

For the study 1,239 children from Melbourne enrolled in the Child to Adult Transition Study (CATS) had their symptoms of anxiety and depression tracked every year from 10 to 18 years of age.

Girls were at increased risk with 84 per cent compared to 61 per cent of boys having depression or anxiety symptoms at least once during adolescence. Girls were also more likely to have a chronic course at 72 per cent and 49 per cent, respectively.

The onset of anxiety and depression symptoms increased at times that coincided with educational stress such as the primary to secondary school transition, exam periods and the end of compulsory education. Three quarters of participants who struggled with mental health problems during the COVID-19 years already had symptoms, highlighting factors beyond the pandemic stressors.




MCRI Professor Susan Sawyer said that despite growing concerns about adolescent mental health, until the CATS, few studies had comprehensively charted the course of common mental disorders across this key life stage.

"To our knowledge, this longitudinal study shows the highest cumulative incidence of clinically significant symptoms of common mental disorders that has ever been reported across adolescence from any country," she said.

"This high incidence of common mental health problems suggests that even the most well-resourced country would struggle to provide adequate treatment if every young person sought help. Beyond clinical care, we urgently need to fund, develop and evaluate preventive strategies that aim to reduce the onset and chronicity of depression and anxiety."

Dr Robson said; "Adolescents today are growing up in a distinctly different psychosocial landscape than earlier generations, one that is characterised by greater mental health literacy, reduced stigma, and at times the glamorisation of mental health problems. Given this context, our next step will be to explore what impact these reported symptoms have on the functioning and health outcomes of contemporary adolescents."

GenV, tracking the health and wellbeing of Victorians, from birth to old age, will also provide invaluable insights into the health challenges faced by our young people including mental health problems.

One of the world's largest-ever birth and parent cohort studies, GenV has seen almost 50,000 babies (over 100,000 newborns, mothers and fathers) sign up. Recruitment for children born in 2021-2022 is still open. Learn more on the GenV website.

Researchers from The Royal Children's Hospital, the University of Melbourne, Deakin University and the University of Bristol also contributed to the findings.
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Travelers weigh in on weight-based airfares for eco-friendly skies | ScienceDaily
The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study out of the University of New Hampshire looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the environment.


						
"We wanted to explore how air travel could be made more sustainable, especially considering the weight we carry -- both personal weight and baggage that often travels back and forth," said Markus Schuckert, professor of hospitality management. "We wondered if reducing weight overall could contribute to more eco-friendly air travel and began questioning whether passengers might accept pricing that reflects this."

In their study, recently published in the journal of Transportation Research Part A: Policy and Practice, researchers surveyed over 1,000 U.S. air travelers to gauge their view on three potential fare policies that provided a more sustainable flying option. The heavier the aircraft, the more jet fuel it burns and the more carbon emissions are produced so they devised a tier approach -- a standard policy where all passengers pay a uniform price; a threshold policy where passengers exceeding a certain weight pay additional fees; and a unit-of-body-weight policy where each passenger's airfare is based on their combined body and baggage weight.

The standard policy was the most accepted approach across all demographics, with more than half of respondents rating it as the most ethical option. Nearly 60% of participants voiced concerns about weight-based policies, citing potential fairness issues and the risk of discrimination, especially around factors like nutrition, income and accessibility which often influence body weight.

Those who were more in favor of weight-based policies tended to be younger with those ages 18-35 accepting weight-based pricing almost 20 percentage points more than travelers who were 66 and older. Additionally, travelers with higher incomes or frequent flyer status were 25% more likely to support weight-based policies than those in lower income brackets or who didn't travel as much.

The idea of weight-based pricing touches on some key concerns for airlines -- specifically, the balance between environmental impact and customer privacy. This concept can be polarizing and has yet to gain traction with most airlines due to ethical concerns.

Researchers say the study isn't meant to be an endorsement of such policies, it just makes sense from a research perspective to investigate whether the idea offers a pathway to reduce emissions for a more sustainable air travel -- and if passengers would accept these changes.

"This topic has been widely discussed for decades, but there's surprisingly little research on it," said Schuckert. "Some airlines have tried or considered weight-based policies, but the main roadblock remains ethical concerns, which make it difficult to even discuss. But if we aim to make air travel more sustainable, we should have an open discussion. That's really the point of research -- to put everything on the table for consideration."

Researchers say future studies could look at alternative ways to incentivize lighter travel or new approaches to sustainability that avoid discrimination and support both environmental and social responsibility.

Co- authors include Lorenzo Masiero and Judit Zoltan, both from the University of Bologna, Italy; Denis Tolkach, James Cook University, Australia; Stephen Pratt, University of Central Florida; Matias Thuen Jorgensen, Roskilde University, Denmark; and Kaye Chon, The Hong Kong Polytechnic University.
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Study shows drop in use of antiviral medications in young children with influenza | ScienceDaily
Despite national medical guidelines supporting the use of antiviral medications in young children diagnosed with influenza, a recent study reports an underuse of the treatment.


						
"Antiviral Use Among Children Hospitalized with Laboratory-Confirmed Influenza Illness: A Prospective, Multicenter Surveillance Study" was published in Clinical Infectious Diseases, the flagship journal of the Infectious Diseases Society of America.

Flu illness accounts for up to 10% of all pediatric hospitalizations during the winter season in the United States.

While guidelines recommend all hospitalized children with suspected or confirmed influenza receive prompt treatment with influenza-specific antivirals regardless of symptom duration or vaccination, study results show adherence to guidelines fall short.

"Our findings of limited use of antivirals in hospitalized children with influenza illness is concerning," said James Antoon, MD, PhD, MPH, assistant professor of Pediatrics at Monroe Carell Jr. Children's Hospital at Vanderbilt. "We found that almost half of hospitalized children did not receive antiviral therapy despite widely endorsed recommendations by the Centers for Disease Control (CDC), Infectious Diseases Society of America and American Academy of Pediatrics. Use of these antivirals reduce how long children have symptoms and prevent influenza complication."

Antoon, along with Justin Amarin, MD, co-led a multicenter study of a cohort of children hospitalized with confirmed flu diagnosis at seven pediatric medical centers in the CDC New Vaccine Surveillance Network (NVSN) between Dec. 1, 2016 and March 31, 2020. A total of 1,213 children with lab-confirmed flu were included.

Among those with research or clinical influenza testing, only half received antiviral treatment and among those with clinical influenza testing by a physician, almost two-thirds received an antiviral.




Study findings also saw almost 37% of hospitalized infants younger than 6 months old, who are not eligible for flu vaccination, did not receive an antiviral.

"The low use of influenza antivirals shows the need for additional efforts to understand the barriers to treatment and improving clinical testing. Improved antiviral treatment is critical for optimizing care in this population of patients," said Antoon.

Natasha Halasa, MD, PhD, Craig Weaver Professor of Pediatrics in the Division of Pediatric Infectious Diseases at Monroe Carell, served as the site principal investigator.

"Data from two national influenza surveillance networks indicate that antiviral treatment of hospitalized children and adolescents with influenza has declined from 70%- 86% during the 2017-2018 season to less than 60% in 2023-2024," noted Halasa.

"Only 30% of children and adolescents at higher risk for influenza complications were prescribed antivirals during outpatient visits."

These findings mentioned by Halasa were published in the CDC digest Morbidity and Mortality Weekly Report (MMWR) on Nov. 14.

Antoon said that antiviral treatment results in shorter symptom duration, lower risk of developing subsequent pneumonia and sinusitis and otitis media infections. Some data suggests that use of antivirals is associated with decreases in hospital length of stay, use of mechanical ventilation and intensive care unit admissions.

"Future studies should also focus on improving influenza testing and prompt antiviral treatment for children with influenza-associated hospitalizations as well as standardizing care both within and across institutions," he said.
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Neural stem cell transplantation shows promise for treating chronic spinal cord injury | ScienceDaily
A Phase I clinical trial led by researchers at University of California San Diego School of Medicine has demonstrated the long-term safety and feasibility of neural stem cell transplantation for treating chronic spinal cord injuries. These devastating injuries often result in partial or full paralysis and are currently incurable. The study, which followed four patients with chronic spinal cord injuries for five years, found that two patients showed durable evidence of neurological improvement after treatment with neural stem cell implantation, including increased motor and sensory scores, and improved electromyography (EMG) activity. Some patients also showed improvement in pain scores.


						
Neural stem cell transplantation is an emerging treatment for various neurological disorders and injuries that works by implanting human-derived stem cells into damaged or diseased areas of the nervous system. Because these neural stem cells are derived from human cells, this treatment approach has the potential to regenerate damaged tissue while integrating seamlessly into the existing nervous system.

The study found that all four patients tolerated the treatment well, and while the current study was only designed to assess safety and tolerability, the results suggest that neural stem cell transplantation may have therapeutic potential for treating chronic spinal cord injuries. Following these promising results, the researchers now hope to initiate a phase II clinical trial to assess the treatment's efficacy.

The study, published in the December 17 edition of Cell Reports Medicine, was led by Joseph Ciacci, M.D., a professor in the Department of Neurological Surgery at UC San Diego School of Medicine and neurosurgeon at UC San Diego Health, and Joel Martin, M.D., who was a neurological surgery resident physician at UC San Diego at the time the study was completed and is now a neurosurgeon at Orlando Health. The research was supported by the California Institute of Regenerative Medicine (CIRM) UC San Diego Alpha Stem Cell Clinic and the Sanford Stem Cell Clinical Center within the Sanford Stem Cell Institute.
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Study maps bed bugs' genomes in unprecedented detail to find out why they just won't die | ScienceDaily
Scientists mapped near-gap-free and near-error-free genomes of a susceptible bed bug strain and a superstrain around 20,000 times more insecticide-resistant, offering the broadest look yet at the full scope of their resistance mutations.


						
Their findings were published in the journal Insects.

Although there is no evidence that bed bugs transmit diseases to humans, their bites can cause itchy rashes and secondary skin infections. Widespread use of insecticides, including the now-banned DDT, nearly wiped out populations of these blood-sucking insects by the 1960s, making infestations rare. But over the past 20 years, the world has witnessed their resurgence, partly due to resistance mutations they developed against these insecticides.

Resistance can occur through different mechanisms, such as by producing enzymes that detoxify the insecticides (metabolic resistance) or developing thicker outer layers to block the chemicals (penetration resistance). Past studies have identified some of the mutations and gene expressions linked to insecticide resistance. However, the full extent of mutations driving resistance remains unknown as no research has sequenced the whole genome of insecticide-resistant strains.

A research team led by Hidemasa Bono, professor at Hiroshima University's (HU) Graduate School of Integrated Sciences for Life, mapped genomes of susceptible and resistant bed bug strains from Japan to address this gap. They obtained susceptible strains descended from wild bed bugs (Cimex lectularius) collected 68 years ago in fields at Isahaya City, Nagasaki. Meanwhile, the resistant strains were bred from specimens collected from a Hiroshima City hotel in 2010. Their tests revealed that the resistant samples had 19,859-fold stronger resistance to pyrethroids -- the most commonly used insecticide for bed bug control -- exceeding levels seen in many previously identified superstrains. All the specimens were provided by Fumakilla Limited, a Japan-based chemical manufacturing company.

Piecing together the genome puzzle

Sequencing a genome is like assembling a massive jigsaw puzzle, spanning anywhere from about 160,000 to 160 billion pieces. To map the most complete bed bug genomes to date, researchers used the breakthrough method of long-read sequencing, which captures longer stretches of DNA -- akin to having entire sections of puzzle pieces put together. Traditional short-read sequencing, by contrast, only covers tiny snippets, often leading to frustrating gaps.




The researchers assembled a near-total picture of the two genomes with just about every piece precisely where it belonged, achieving 97.8% completeness and quality value (QV) of 57.0 for the susceptible strain and 94.9% completeness and QV of 56.9 for the resistant strain. A QV above 30 indicates high-quality sequences with less than 0.1% error rate. Both also surpassed the N50 value of the existing C. lectularius reference genome, Clec2.1, from a previous sequencing effort, meaning there were fewer gaps and more complete sections of the genome puzzle.

Known, new resistance mutations uncovered

After fully sequencing the genomes, the team identified protein-coding genes, determined their functions, and assessed if they were active through transcriptional analysis. They uncovered 3,938 transcripts with amino acid mismatches. Of these, 729 mutated transcripts were linked to insecticide resistance.

"We determined the genome sequence of insecticide-resistant bed bugs, which exhibited 20,000-fold greater resistance compared to susceptible bed bugs. By comparing the amino acid sequences between the susceptible and resistant bed bugs, we identified 729 transcripts with resistance-specific mutations," said study first author Kouhei Toga, postdoctoral researcher at the Laboratory of Genome Informatics of HU's Graduate School of Integrated Sciences for Life.

"These transcripts included genes related to DNA damage response, cell cycle regulation, insulin metabolism, and lysosome functions. This suggests that these molecular pathways may play a role in the development of pyrethroid resistance in bed bugs."

By drawing on previous insect studies, the researchers confirmed known resistance mutations and discovered new ones that could inform more targeted and effective pest control strategies.

"We identified a large number of genes likely involved in insecticide resistance, many of which have not been previously reported as being associated with resistance in bedbugs. Genome editing of these genes could provide valuable insights into the evolution and mechanisms of insecticide resistance," Toga said.

"Additionally, this study expands the pool of target genes for monitoring allele distribution and frequency changes, which could contribute significantly to assessing resistance levels in wild populations. This work highlights the potential of genome-wide approaches in understanding insecticide resistance in bed bugs."

Other research team members include Fumiko Kimoto and Hiroki Fujii, who are employees of Fumakilla Limited.
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Being digitally hyperconnected causes 'techno-strain' for employees | ScienceDaily
A new study has shown that employees are experiencing mental and physical techno-strain due to being 'hyperconnected' to digital technology making it difficult for people to switch off from work.


						
Researchers from the University of Nottingham's Schools of Psychology and Medicine conducted detailed interviews with employees from a range of professions and found that the cognitive and affective effort associated with constant connectivity and high work pace driven by the digital workplace is detrimental to employee wellbeing. The results have been published today in Frontiers in Organizational Psychology.

This new paper is the final part of a research project exploring the 'dark side effects' of digital working which include stress, overload, anxiety and fear of missing out. The results highlight an overarching theme of 'digital workplace technology intensity' as a result of digital workplace job demands.

The findings in this latest paper indicate a sense of burden associated with working digitally which surfaced for most participants in perceptions of overload and feelings of being overwhelmed by the proliferation of messages, applications and meetings in the digital workplace. Fear of missing out on important information and contact with colleagues also contributed to stress and strain for digital workers, as did hassles encountered when using digital technologies.

Elizabeth Marsh, ESRC PhD student from the School of Psychology led the qualitative study and said: "Digital workplaces benefit both organisations and employees, for example by enabling collaborative and flexible work. However, what we have found in our research is that there is a potential dark side to digital working, where employees can feel fatigue and strain due to being overburdened by the demands and intensity of the digital work environment. A sense of pressure to be constantly connected and keeping up with messages can make it hard to

psychologically detach from work."

Fourteen employees were interviewed in detail and asked about their perceptions and experiences of digital workplace job demands and impacts to their health. In the analysis, the researchers explore potential underlying psychological, technological and organisational factors that may influence ways in which employees experience the digital workplace job demands.




Participants' dark side experiences were particularly shaped by a pervasive and constant state of connectivity in the digital workplace, termed "hyperconnectivity." These experiences contributed to a sense of pressure to be available and the erosion of work-life boundaries. The evidence also indicates that this hyperconnectivity has become the norm among workers post-pandemic.

Comments from interviewees included: 

"[It's] just more difficult to leave it behind when it's all online and you can kind of jump on and do work at any time of the day or night." 

"You kind of feel like you have to be there all the time. You have to be a little green light."

"It's that pressure to respond [...] I've received an e-mail, I've gotta do this quickly because if not, someone might think "What is she doing from home?"

Elizabeth adds: "The findings underline the need for both researchers and professionals to identify, understand and mitigate the digital workplace job demands to protect the well-being of digital workers."

The research makes practical suggestions for employers which include helping workers improve their digital skills and empowering them to manage boundaries in the digital workplace. The findings could also be used by technology departments to consider how to improve usability and accessibility of the digital workplace, as well as reining in the proliferation of applications. Understanding employees' needs and preferences for digital working is important to inform such work.

Dr Alexa Spence, Professor of Psychology adds: "This research extends the Job Demands-Resources literature by clarifying digital workplace job demands including hyperconnectivity and overload. It also contributes a novel construct of digital workplace technology intensity which adds new insight on the causes of technostress in the digital workplace. In doing so, it highlights the potential health impacts, both mental and physical, of digital work."

The research was funded by ESRC-MGS (Economic and Social Research Council -- Midland Graduate School).
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Teens with a reduced response to rewards are more susceptible to depression | ScienceDaily
Novel research shows that a reduced neural response to receiving rewards in teens predicts the first onset of depression, but not anxiety or suicidality. This is independent of pre-existing depressive or anxiety symptoms, as well as age or sex, which are already strong risk factors for depression. The study in Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, published by Elsevier, is a step toward using brain science to understand and assess mental health risks.


						
Mood and anxiety disorders among youth are a growing concern and have long-lasting consequences. Very few studies have identified premorbid neural markers that indicate the risk of the onset of these disorders in a teen's life. This is particularly important given that 50% of children who experience one episode of depression or anxiety will go on to experience a second. Among those who have had two episodes, 80% will go on to have a third or more.

Investigators at the University of Calgary, Alberta, Canada, followed a group of 145 teens (64.8% female) with a family history of depressive or anxiety disorders, which put them at very high risk for developing these disorders themselves. Participating families were part of the Calgary Biopsychosocial Risk for Adolescent Internalizing Disorders (CBRAID) study, a longitudinal research program examining premorbid risk factors for first-lifetime onsets of mood and anxiety disorders in adolescence.

Researchers conducted nine- and 18-month follow-ups to assess whether participants had developed a major depressive disorder, anxiety disorder, or suicidal ideation. They found that a blunted response to reward feedback (also known as reward positivity) while playing a game during an EEG scan in which teens were told they either won or lost predicted the first onset of depression, but not anxiety or suicidality. This may suggest that teens who feel less pleasure or satisfaction when receiving rewards are particularly vulnerable to developing depression for the first time in their life.

First author Gia-Huy L. Hoang, second-year master's student in neuroscience, University of Calgary, adds, "Evidence shows that kids with depressive or anxiety disorders, which often occur at the same time, generally exhibit a blunted response to rewards. Our research suggests that the brain's response to rewards may be a marker that specifically indicates a risk for depression, rather than for anxiety or suicidality, in teens. Using EEG to measure how the brain responds to rewards is a simple and low-cost method to measure this response."

Editor-in-Chief of Biological Psychiatry: Cognitive Neuroscience and Neuroimaging Cameron S. Carter, MD, University of California Irvine, comments, "Depression, anxiety, and suicidality are strongly linked, and are highly disabling and common problems that typically begin during adolescence. Reward processing is closely linked to depression and anxiety. However, little is known about if a blunted response to rewards precedes these conditions and confers risk for depression, anxiety, or suicidality. Research into specific biomarkers that can identify the risk of first-lifetime onsets of these conditions is highly important to understand and assess mental health risks."

Senior investigator Daniel C. Kopala-Sibley, PhD, Hotchkiss Brain Institute, Alberta Children Hospital Research Institute, The Mathison Centre for Mental Health Research & Education, and Department of Psychiatry, Cumming School of Medicine, University of Calgary, concludes, "Our findings are important as we work towards understanding the brain bases of why teens become depressed for the first time in their lives, which may ultimately further our ability to identify those at risk and intervene with them to prevent the onset of these disorders."
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Biased language in clinical handoffs may negatively impact patient care | ScienceDaily
When doctors and nurses pass patient information from one shift to another -- an exchange known as a "handoff" -- the specific words they use behind closed doors matter more than they might realize. A new study published in JAMA Network Open shows that when clinicians hear a patient described with negatively biased language, they develop less empathy towards the patient and, in some cases, become less accurate in recalling the patient's critical health details. Such shifts in perception may be subtle and unintentional in many cases, but as these hidden biases stack up, they can influence the care patients ultimately receive.


						
"A lot is going on here cognitively -- how we're processing information as clinicians, and how editorializing or talking about the patient negatively can really cloud the mind of the listener and impact the care they ultimately give that patient," said lead author Austin Wesevich, MD, MPH, MS, a hematologist and health services researcher at the University of Chicago Medicine.

This new study builds on previous research published in JAMA Pediatrics in which Wesevich and colleagues at Duke University recorded and analyzed real-life handoffs at a major medical center. In that earlier work, they found that these behind-the-scenes briefings included negative or biased language 23% of the time, especially when discussing certain groups such as Black patients or patients with obesity.

To see how these biases affect listeners, the researchers designed a follow-up survey-based experiment in which each participating clinician heard three short, recorded handoffs closely modeled on actual ones.

For each handoff scenario, the researchers created two versions: a neutral one that simply stated the patient's situation and needs, and a biased one that expressed either a negative stereotype, blame, or doubt about the patient's credibility. After listening to each handoff, participants answered a single multiple-choice question testing their recall of key medical details, completed a survey that measured their attitude towards the patient, and wrote down three short "key takeaways" from what they heard.

"Unsurprisingly, our results confirmed that when you hear biased language about someone, you feel less positively about that person," Wesevich said. "But it was striking to find that when participants heard some level of blame being directed towards the patient for their condition, they were then less likely to correctly answer the multiple-choice question about the patient's care."

Hearing a patient described with scorn, skepticism, or stereotype-based assumptions appears to reduce the listener's ability to recall essential clinical details like lab results, symptoms to watch for overnight, or recommended treatments.




In the paper, the researchers note that racially minoritized patients experience a disproportionate rate of medical errors in their care. Avoiding bias in handoffs could increase empathy and reduce error rates -- factors directly linked with health outcomes.

"When we notice in these handoffs that certain types of patients are experiencing the brunt of the problem, then we need to do something to try to help alleviate that situation," Wesevich said. "I think standardization of handoffs is the way to protect vulnerable patients by making the playing field of privilege more level."

By pushing for standardized handoffs -- where only neutral, medically relevant facts are shared, and unnecessary commentary or personal frustrations are left out -- the researchers argue that healthcare institutions can help prevent bias from creeping into these crucial communications. Some medical organizations have begun issuing guidelines to streamline handoffs, and this study adds evidence that such efforts could help safeguard patient well-being.

Even while hospital leaders, educators and policymakers are working to design standardized guidelines, oversight and training aimed at neutralizing bias, Wesevich emphasizes that patients and families can also make a difference. Speaking up when something feels "off," making sure questions are answered well, and ensuring that the next shift knows important details could all help counter the effects of stereotyping, blame and doubt.

"Those who work in healthcare are often very well-intentioned, but they're human beings, and they get frustrated by things, and they express different biases -- both implicit and explicit," Wesevich said. "So trying to advocate for yourself or your loved ones is important because you don't know if a clinician heard or internalized everything you'd want them to know when caring for you after a handoff."
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Young English speakers are most comfortable with digital health | ScienceDaily
Study shows how language, education and age affect someone's ability to engage with digital health tools.


						
Digital health tools, such as patient portals, treatment apps and online appointment schedulers, are increasingly common. But not everyone is equally at home using them.

To find out how language, education and age may affect a person's comfort in using digital tools, UC San Francisco researchers surveyed caregivers of hospitalized children at UCSF Benioff Children's Hospitals.

The researchers found that being a Spanish speaker, having less education, and being older all made people feel less comfortable with digital health tools.

"Digital health tools are meant to improve health access and outcomes, but they must be useful for people from all backgrounds to avoid deepening existing health inequities," said Naomi Bardach, MD, professor of pediatrics at UCSF Benioff Children's Hospitals.

"We don't want to leave people behind, whether they are older adults, people with lower education, or those of a specific race, ethnicity or language background."

The study appears Dec. 17 in the Journal of the American Medical Informatics Association.




Comfort levels could affect treatment

Researchers asked how well people felt they could engage with digital tools, how motivated they were to use them, and how safe and in control they felt while they were using them. This was intended to measure people's concerns about the privacy of digital health tools.

Education was the most important factor, after language. Having a high school education or less was most strongly associated with lower scores in all three areas measured.

Latinx and Black caregivers scored significantly lower on "feeling safe and in control" with digital tools. Rural caregivers, however, scored higher on the privacy measure, and they were more motivated to use digital tools.

Those over 45 were less motivated to use digital tools, and they also felt less safe and in control while using them. But they felt able to engage with them if they wanted to.

"Accessing these tools affects all kinds of things, like requesting medication refills online, tracking the number of steps per day, or helping a child play a therapeutic game for ADHD," Bardach said.

"We all need to be thinking about how to make sure people can use them comfortably, and if they can't, how to provide an alternative."
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Scientists find a vulnerability in antibiotic resistance mechanism | ScienceDaily
Superbugs, bacteria that are immune to multiple antibiotics, pose a great challenge to modern medicine. Researchers from the B CUBE -- Center for Molecular Bioengineering at TUD Dresden University of Technology and Institut Pasteur in Paris identified a weakness in the bacterial machinery that drives antibiotic resistance adaptation. Their findings, published in the journal Science Advances, could pave the way to boosting the effectiveness of existing antibiotics.


						
Since the discovery of penicillin in 1928, antibiotics have changed medicine, allowing us to easily combat bacterial infections. However, with the invention of antibiotics, we have also entered a never-ending arms race with bacteria. They adapt rapidly to drugs, rendering many existing treatments ineffective. Such antibiotic-resistant bacteria, often dubbed "superbugs," pose a critical threat to patients with chronic illnesses and weakened immune systems.

"Rather than developing new antibiotics, we wanted to understand exactly how bacteria adapt their resistances," says Prof. Michael Schlierf, research group leader at B CUBE, TU Dresden, the leader of the study. In doing so, the groups discovered why it takes longer for some bacteria to develop antibiotic resistance, while others adapt very quickly. Their findings open up new possibilities for the development of counter-strategies.

A Genetic Toolbox in Action

"Our work focuses on the integron system, a genetic toolbox that bacteria use to adapt to their environment by exchanging genes, including those for antibiotic resistance," says Prof. Didier Mazel, research group leader at Institut Pasteur in Paris, whose group worked together with the Schlierf team.

The integron system is like a toolbox. It allows bacteria to store and share resistance genes with their offspring and neighboring cells. It operates via a molecular "cut and paste" mechanism driven by special proteins, known as recombinases. The integron system has been researched a lot. Some bacteria gain new resistance very fast and for others, it takes considerably longer.

It turned out that the variety of DNA sequences is at the heart of this difference. "The sequences inside the integron system are flanked by special DNA hairpins. They are called like this because this is exactly how they look like, like little U-shaped pins sticking out of the DNA. The recombinases are built to bind to these hairpins and form a complex that can then cut out one fragment and paste in another one," explains Prof. Mazel.




The Schlierf group used a cutting-edge microscopy setup to study how strongly a recombinase protein binds the different DNA hairpin sequences. They found that the complexes with the strongest binding between the protein and the DNA are also the ones that are the most efficient at gaining resistance genes.

Using the Force

Using an advanced microscopy technique known as optical tweezers, the Schlierf group measured the tiny forces it takes to pull the different protein-DNA complexes apart. "With the optical tweezers, we use light to, sort of, grab a single strand of DNA from both sides and pull it apart. Think of it as pulling on a cord to undo a knot," says Dr. Ekaterina Vorobevskaia, a scientist in the Schlierf lab who carried out the project.

The group saw a clear correlation between the force it took to dismantle a protein-DNA complex and the efficiency of the cut-and-paste machinery. "If you have a complex that is strongly bound to the DNA, it can perform its job very well. Cut the DNA and paste a new resistance gene very fast. On the other hand, if you have a protein-DNA complex that is rather weak and keeps falling apart, it has to be reassembled again and again. This is why some bacteria gain antibiotic resistance faster than others," adds Dr. Vorobevskaia.

Exploiting the Weakness

"The Integron system has been studied by microbiologists for decades. What we bring to the table now is adding the biophysical data and explaining the behavior of this system with physics," says Prof. Schlierf, adding that "Maybe this vulnerability to force is a more general phenomena for varying efficiencies in biology."

The scientists believe that the weakness in the system can be used to develop supplemental treatments that will take advantage of, or create, the unstable DNA-protein complexes. It could accompany existing antibiotics and give them an additional time advantage over bacteria.
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Peptide-guided nanoparticles deliver mRNA to neurons | ScienceDaily
Penn Engineers have modified lipid nanoparticles (LNPs) -- the revolutionary technology behind the COVID-19 mRNA vaccines -- to not only cross the blood-brain barrier (BBB) but also to target specific types of cells, including neurons. This breakthrough marks a significant step toward potential next-generation treatments for neurological diseases like Alzheimer's and Parkinson's.


						
In a new paper in Nano Letters, the researchers demonstrate how peptides -- short strings of amino acids -- can serve as precise targeting molecules, enabling LNPs to deliver mRNA specifically to the endothelial cells that line the blood vessels of the brain, as well as neurons.

This represents an important advance in delivering mRNA to the cell types that would be key in treating neurodegenerative diseases; any such treatments will need to ensure that mRNA arrives at the correct location. Previous work by the same researchers proved that LNPs can cross the BBB and deliver mRNA to the brain, but did not attempt to control which cells the LNPs targeted.

"Our first paper was a proof-of-concept lipid nanoparticle design," says Michael J. Mitchell, Associate Professor in Bioengineering (BE) and the paper's senior author. "It was like showing we could send a package from Pennsylvania to California, but we had no idea where in California it would end up. Now, with peptides, we can address the package to specific destinations with shared features, like every house with a red mailbox."

The Challenge of Accessing the Brain

Crossing the BBB is difficult because the structure has evolved to keep out virtually any dangerous or foreign molecules, including most medicines; mRNA molecules are too large to penetrate the barrier, as are most pharmaceuticals. The BBB also actively expels materials it deems hazardous.

"You can inject a treatment directly into the brain or spine, but these are highly invasive procedures," says Emily Han, a doctoral student in the Mitchell Lab and the paper's first author.




Because the BBB allows fat-soluble molecules through (like alcohol and THC, which is why those substances affect the brain), certain formulations of LNPs, which are partially made of the same family of fatty compounds found in everyday oils, can sneak through into the brain.

Peptides vs. Antibodies

Until now, most research on targeting specific organs with LNPs has focused on combining them with antibodies, large proteins that function like biological nametags. "When you put antibodies onto LNPs, they could become unstable and larger in size, which makes it really hard to squeeze through the barrier," says Han.

In contrast to antibodies, which can be hundreds of amino acids in length, peptides are just dozens of amino acids long. Their smaller size means they're not only easier to place in large numbers onto LNPs but cheaper to manufacture. Peptides are also much less likely than antibodies to aggregate during LNP formulation or to provoke unintended immune responses.

The choice to use peptides started with an unexpected encounter between Han and a bat that flew into her room, potentially exposing her to rabies. While researching the vaccines she received against the disease, Han learned that one of the ways the rabies virus crosses the BBB is through the rabies virus glycoprotein. "I then stumbled across one of our most promising targeting peptides," Han says, a molecule known as RVG29, a 29-amino-acid segment of that protein.

Testing the Concept

To confirm the peptides were functioning as intended, the researchers first needed to verify they adhered to the LNPs. "Our LNPs are a complex mixture of nucleic acids, lipids and peptides," says Han. "We had to optimize quantification methods to pick out the peptides against all those other signals."




Once they knew the peptides had adhered to the LNPs, the researchers then had to determine whether or not the peptide-functionalized LNPs (pLNPs) actually reached the intended targets in animal models. "It's really difficult to set up," says Han, "because in the brain, you have so many different cell types and a lot of fat that can interfere with measurements." For more than six months, Han painstakingly developed a protocol to carefully take apart brain tissue, almost like a mechanic disassembling an engine.

Future Directions

Next, the team aims to determine what fraction of neurons must be treated with pLNPs to meaningfully alleviate symptoms or potentially cure neurological diseases. "Returning to the same analogy, do we need to send these to every house with a red mailbox, or just 10% of them? Would 10% of neurons be enough?" asks Mitchell.

Answering this question will guide the development of even more efficient delivery strategies, bringing the promise of mRNA-based treatments for Alzheimer's, Parkinson's and other brain diseases closer to reality.

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the U.S. National Institutes of Health (DP2 TR002776), the Burroughs Wellcome Fund, the US National Science Foundation (CBET-2145491), and the American Cancer Society (RSG-22-122-01-ET). 

Additional co-authors include Sophia Tang, Dongyoon Kim, Amanda M. Murray, Kelsey L. Swingle, Alex G. Hamilton, Kaitlin Mrksich, Marshall S. Padilla and Jacqueline Li of Penn Engineering, and Rohan Palanki of Penn Engineering and the Children's Hospital of Philadelphia. 
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Tiny robots, big impact: Revolutionizing infertility treatment with magnetic microrobots | ScienceDaily
Infertility affects an estimated 186 million people worldwide, with fallopian tube obstruction contributing to 11%-67% of female infertility cases. In AIP Advances, from AIP Publishing, researchers at the SIAT Magnetic Soft Microrobots Lab have developed an innovative solution using a magnetically driven robotic microscrew to treat fallopian tube blockages.


						
"This new technology offers a potentially less invasive alternative to the traditional surgical methods currently used to clear tubal obstructions, which often involve the use of conventional catheters and guidewires," said author Haifeng Xu.

The microrobot is made from nonmagnetic photosensitive resin, coated with a thin iron layer to give it magnetic properties. By applying an external magnetic field, the robot rotates, generating translational motion that enables it to navigate through a glass channel simulating a fallopian tube. The robot successfully clears a cell cluster obstruction placed in the channel, mimicking a typical blockage in the female reproductive system. This magnetic control provides precise navigation through the delicate and narrow structures of the fallopian tube.

The design of the microrobot is another key innovation. It has a screw-shaped body with a helical structure, a cylindrical central tube, and a disk-shaped tail. The helix-shaped structure is crucial for propulsion, while the disk-shaped tail helps stabilize the robot's motion. As the screw rotates, it generates a vortex field that helps push fragmented debris toward the tail, clearing the blockage more effectively.

In tests, the microrobot demonstrated both effectiveness and efficiency in clearing the simulated blockage, with the vortex created by the rotating screw propelling debris away from the obstruction.

Looking to the future, the research team plans to make the microrobot smaller and more advanced. They also aim to test the robot in isolated organ models and incorporate in vivo imaging systems to track the microrobot's movement and position in real time. The team also envisions expanding the robot's applications in surgery, including automatic control systems that could enhance the efficiency of blockage removal and other medical procedures.

"The ultimate goal is to provide a more effective, minimally invasive solution for patients suffering from infertility," said Xu.
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Discouraged zebrafish help reveal how ketamine works in the brain | ScienceDaily
The decades-old anesthetic ketamine could be a game changer for treating severe depression, but there are still many questions about how the drug works, including exactly how it affects the brain's cells and circuits.


						
To help answer these questions, researchers are turning to an unlikely animal: tiny, days-old zebrafish.

The millimeters-long, translucent zebrafish may not get depressed exactly like humans do, but the fish do exhibit a "giving up" behavior: they stop swimming after they realize they aren't getting anywhere -- a passive behavior that scientists use to study depression in animals.

By taking advantage of this behavior, the ability to image the zebrafish's entire brain, and a unique virtual reality system, a team of researchers from HHMI's Janelia Research Campus, Harvard, and Johns Hopkins found where ketamine acts in the zebrafish brain: at supporting cells called astroglia, rather than neurons.

Previous research by Janelia scientists found that astroglia act as a counter that tells the fish when to give up. As the fish registers that it isn't getting anywhere, it swims harder, and astroglia activity ramps up. When astroglia activity reaches a threshold, the cells signal to neurons for the fish to stop swimming.

The new research finds that a brief exposure to ketamine causes a lasting suppression of the "giving up" behavior by overstimulating astroglia. This overstimulation, which occurs through ketamine's stimulation of noradrenergic neurons that activate astrocytes, appears to subsequently reduce the astroglia counter's sensitivity, causing the fish to continue swimming normally, even when it isn't getting anywhere.

"Our paper suggests that these astroglia, this non-neuronal cell population, are playing a very important role, and that some of the key effects of these antidepressant compounds go through changes in astroglial physiology," says Alex Chen, a joint PhD student in the Ahrens Lab at Janelia and the Engert Lab at Harvard and a co-lead author on the paper.




The team's findings, which also show that astrocytes are similarly activated in mice, could help researchers get a clearer picture of how antidepressants work in the brain, potentially leading to the development of safer and more effective drugs to treat depression. Understanding how antidepressants work on a molecular level has confounded scientists for decades, with much of their work focused on the drugs' effects on neurons.

"I think our research suggests that targeting these astrocytes to find new treatments could be an interesting way to go," says Marc Duque Ramirez, a PhD student in the Engert Lab and a co-lead author on the paper.

Using zebrafish to test ketamine

The project started when the team, led by Duque and Chen, wanted to see if they could use zebrafish to test antidepressants that were known to work in humans and had previously been tested in rodents. Because zebrafish are small and translucent, researchers can image each animal's entire brain to better track the drug's effects.

The Ahrens Lab had shown in earlier work that zebrafish exhibit a trait known as futility-induced passivity, or "giving up" -- a behavior that has also been seen in rodents. Using a virtual reality setup, the researchers fixed the fish in place and showed them different visual patterns. When the fish saw a pattern simulating backward motion, they wiggled their tails as though swimming forward. When the pattern changed to one simulating being stuck in place, the animals would struggle at first, then give up, become passive, and stop swimming.

In the new work, the researchers show that ketamine suppressed this giving up behavior for over a day. Although the fish still struggled when their swimming was not effective, they did not give up as easily and were less passive.




The authors also tested other fast-acting antidepressants, such as psychedelic compounds, and found a reduction in passivity like they saw with ketamine. On the other hand, stress-inducing treatments, such as chronic glucocorticoids, increased the giving up behavior.

Imaging reveals action on astroglia

Next, the team turned their attention to what the drug was doing in the fish's brain. Previous research by the Ahrens Lab found the giving up action is associated with a type of glial cell called radial astrocytes.

Whole-brain imaging revealed that ketamine increased the amount of calcium at the astrocytes, showing that the drug activated these cells for many minutes after administration. The researchers think that although short or fast increases in astroglia calcium might drive giving up behavior, the aftereffects of the ketamine-induced flood of calcium reduce the astroglia's response to the futility signal that drives giving up behavior, making the fish more robust in these behavioral situations, or less likely to give up, in the future.

"It's desensitized because during ketamine it was so hyperactivated," says Janelia Senior Group Leader Misha Ahrens, a senior author on the paper. "It's like when you take a cold shower -- afterwards you are a little less sensitive to the cold -- but at a cellular and molecular level."

The researchers also found that this same mechanism was at work in mammals. Eric Hsu, a graduate student at Johns Hopkins and a co-lead author on the paper, found that astrocytes were similarly activated in mice, both when they exhibit "giving up" behavior and when they are exposed to ketamine.

"This evidence of cross-species conservation increases the likelihood that comparable mechanisms exist in humans," says Dwight Bergles, a professor of neuroscience at Johns Hopkins and a senior author on the paper.

The team's study demonstrates that ketamine is acting on the astrocytes by increasing norepinephrine levels, though how it does that and how that changes neuronal and astroglia physiology as a result is still unknown. But the findings do point to a potential role for astroglia in depression and could help inform future research.

"We need to be careful in taking these results too literally, but this could be a model for pieces of the mammalian brain," Ahrens says.
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The psychological implications of Big Brother's gaze | ScienceDaily
A new psychological study has shown that when people know they are under surveillance it generates an automatic response of heightened awareness of being watched, with implications for public mental health.


						
In a paper published in the journal Neuroscience of Consciousness psychology researchers from the University of Technology Sydney (UTS) worked with 54 participants to examine the effects of surveillance on an essential function of human sensory perception -- the ability to detect another person's gaze.

Lead author, Associate Professor of neuroscience and behaviour Kiley Seymour, said previous research has established the effects on conscious behaviour when people know they are being watched, but the new study provided the first direct evidence that being watched also has an involuntary response.

"We know CCTV changes our behaviour, and that's the main driver for retailers and others wanting to deploy such technology to prevent unwanted behaviour," Associate Professor Seymour said.

"However, we show it's not only overt behaviour that changes -- our brain changes the way it processes information.

"We found direct evidence that being conspicuously monitored via CCTV markedly impacts a hardwired and involuntary function of human sensory perception -- the ability to consciously detect a face.

"It's a mechanism that evolved for us to detect other agents and potential threats in our environment, such as predators and other humans, and it seems to be enhanced when we're being watched on CCTV.




"Our surveilled participants became hyper aware of face stimuli almost a second faster than the control group. This perceptual enhancement also occurred without participants realising it."

Associate Professor Seymour said that given the increasing level of surveillance in society and the ongoing debates around privacy reform, the study's findings suggested the need for closer examination of the effects of surveillance on mental processes and on public health more broadly.

"We had a surprising yet unsettling finding that despite participants reporting little concern or preoccupation with being monitored, its effects on basic social processing were marked, highly significant and imperceptible to the participants.

"The ability to rapidly detect faces is of critical importance to human social interactions. Information conveyed in faces, such as gaze direction, enables us to construct models of other people's minds and to use this information to predict behaviour.

"We see hyper-sensitivity to eye gaze in mental health conditions like psychosis and social anxiety disorder where individuals hold irrational beliefs or preoccupations with the idea of being watched.

"Whilst this investigation was specifically focussed on unconscious social processes, future investigations should explore effects on the limbic system more broadly, which would have more general implications for public mental health and the importance of privacy."
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Microchips capable of detecting and diagnosing diseases | ScienceDaily
In a world grappling with a multitude of health threats -- ranging from fast-spreading viruses to chronic diseases and drug-resistant bacteria -- the need for quick, reliable, and easy-to-use home diagnostic tests has never been greater. Imagine a future where these tests can be done anywhere, by anyone, using a device as small and portable as your smartwatch. To do that, you need microchips capable of detecting miniscule concentrations of viruses or bacteria in the air.


						
Now, new research from NYU Tandon faculty including Professor of Electrical and Computer Engineering Davood Shahrjerdi; Herman F. Mark Professor in Chemical and Biomolecular Engineering Elisa Riedo; and Giuseppe de Peppo, Industry Associate Professor in Chemical and Biomolecular Engineering and who was previously at Mirimus, shows it's possible to develop and build microchips that can not only identify multiple diseases from a single cough or air sample, but can also be produced at scale.

"This study opens new horizons in the field of biosensing. Microchips, the backbone of smartphones, computers, and other smart devices, have transformed the way people communicate, entertain, and work. Similarly, today, our technology will allow microchips to revolutionize healthcare, from medical diagnostics, to environmental health" says Riedo,

"The innovative technology demonstrated in this article uses field-effect transistors (FETs) -- miniature electronic sensors that directly detect biological markers and convert them into digital signals -- offering an alternative to traditional color-based chemical diagnostic tests like home pregnancy tests," said Shahrjerdi. "This advanced approach enables faster results, testing for multiple diseases simultaneously, and immediate data transmission to healthcare providers" says Sharjerdi, who is also the Director of the NYU Nanofabrication Cleanroom, a state-of-the-art facility where some of the chips used in this study were fabricated. Riedo and Shahrjerdi are also the co-directors of the NYU NanoBioX initiative.

Field-effect transistors, a staple of modern electronics, are emerging as powerful tools in this quest for diagnostic instruments. These tiny devices can be adapted to function as biosensors, detecting specific pathogens or biomarkers in real time, without the need for chemical labels or lengthy lab procedures. By converting biological interactions into measurable electrical signals, FET-based biosensors offer a rapid and versatile platform for diagnostics.

Recent advancements have pushed the detection capabilities of FET biosensors to incredibly small levels -- down to femtomolar concentrations, or one quadrillionth of a mole -- by incorporating nanoscale materials such as nanowires, indium oxide, and graphene. Yet, despite their potential, FET-based sensors still face a significant challenge: they struggle to detect multiple pathogens or biomarkers simultaneously on the same chip. Current methods for customizing these sensors, such as drop-casting bioreceptors like antibodies onto the FET's surface, lack the precision and scalability required for more complex diagnostic tasks.

To address this, these researchers are exploring new ways to modify FET surfaces, allowing each transistor on a chip to be tailored to detect a different biomarker. This would enable parallel detection of multiple pathogens.




Enter thermal scanning probe lithography (tSPL), a breakthrough technology that may hold the key to overcoming these barriers. This technique allows for the precise chemical patterning of a polymer-coated chip, enabling the functionalization of individual FETs with different bioreceptors, such as antibodies or aptamers, at resolutions as fine as 20 nanometers. This is on par with the tiny size of transistors in today's advanced semiconductor chips. By allowing for highly selective modification of each transistor, this method opens the door to the development of FET-based sensors that can detect a wide variety of pathogens on a single chip, with unparalleled sensitivity.

Riedo, who was instrumental in the development and proliferation of tSPL technology, sees its use here to be further evidence of the groundbreaking way this nanofabrication technique can be used in practical applications. "tSPL, now a commercially available lithographic technology, has been key to functionalize each FET with different bio-receptors in order to achieve multiplexing," she says.

In tests, FET sensors functionalized using tSPL have shown remarkable performance, detecting as few as 3 attomolar (aM) concentrations of SARS-CoV-2 spike proteins and as little as 10 live virus particles per milliliter, while effectively distinguishing between different types of viruses, including influenza A. The ability to reliably detect such minute quantities of pathogens with high specificity is a critical step toward creating portable diagnostic devices that could one day be used in a variety of settings, from hospitals to homes.

The study, now published by the Royal Society of Chemistry in Nanoscale, was supported by Mirimus, a Brooklyn-based biotechnology company, and LendLease, a multinational construction and real estate company based in Australia. They are working with the NYU Tandon team to develop illness-detecting wearables and home devices, respectively.

"This research shows off the power of the collaboration between industry and academia, and how it can change the face of modern medicine," says Prem Premsrirut, President and CEO of Mirimus. "NYU Tandon's researchers are producing work that will play a large role in the future of disease detection."

"Companies such as Lendlease and other developers involved in urban regeneration are searching for innovative solutions like this to sense biological threats in buildings." says Alberto Sangiovanni Vincentelli of UC Berkeley, a collaborator on the Project. "Biodefense measures like this will be a new infrastructural layer for the buildings of the future"

As semiconductor manufacturing continues to advance, integrating billions of nanoscale FETs onto microchips, the potential for using these chips in biosensing applications is becoming increasingly feasible. A universal, scalable method for functionalizing FET surfaces at nanoscale precision would enable the creation of sophisticated diagnostic tools, capable of detecting multiple diseases in real time, with the kind of speed and accuracy that could transform modern medicine.
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Study finds lower rates of death from Alzheimer's disease among taxi and ambulance drivers | ScienceDaily
A new study raises the possibility that jobs that require frequent spatial processing -- such as figuring out a taxi route or the best way to navigate to a hospital -- could lead to lower rates of death from Alzheimer's disease. Researchers from Mass General Brigham investigated this possibility by using national data on the occupations of people who had died to evaluate risk of death from Alzheimer's disease across 443 professions. They found that taxi driving and ambulance driving were associated with a lower rate of death from Alzheimer's disease compared to other professions. Results are published in BMJ. 


						
"The same part of the brain that's involved in creating cognitive spatial maps -- which we use to navigate the world around us -- is also involved in the development of Alzheimer's disease," said lead author Vishal Patel, MD, MPH, a resident physician in the Department of Surgery at Brigham and Women's Hospital. "We hypothesized that occupations such as taxi driving and ambulance driving, which demand real-time spatial and navigational processing, might be associated with a reduced burden of Alzheimer's disease mortality compared with other occupations."

Patel and colleagues at Brigham and Women's Hospital and Massachusetts General Hospital, the founding members of the Mass General Brigham healthcare system, analyzed death from the National Vital Statistics System for adults from 443 different occupations between January 1, 2020 and December 31, 2022. The team looked at sociodemographic information, including age, sex, race, ethnicity, and educational attainment, in addition to the occupation that the person engaged in for most of their working life.

Of nearly 9 million people included in the study from across all occupations, 3.88% (348,328) died from Alzheimer's disease. Among taxi drivers, 1.03% (171/16,658) died from Alzheimer's disease, while among ambulance drivers, the rate was 0.74% (10/1348). After adjustment, ambulance drivers (0.91%) and taxi drivers (1.03%) had the lowest proportion of deaths due to Alzheimer's disease of all occupations examined. This trend was not observed in other transportation related jobs that use predetermined routes, such as bus drivers (3.11%) or aircraft pilots (4.57%), that are less reliant on real time spatial and navigational processing. The trend was not seen for other types of dementia.

"Our results highlight the possibility that neurological changes in the hippocampus or elsewhere among taxi and ambulance drivers may account for the lower rates of Alzheimer's disease," said senior author Anupam B. Jena, MD, PhD, a physician in the Department of Medicine at Massachusetts General Hospital.

The authors note that this is an observational study, so no firm conclusions can be drawn about cause and effect. And the authors acknowledge limitations, including that individuals who are at higher risk of developing Alzheimer's disease may be less likely to enter or remain in memory intensive driving occupations such as taxi and ambulance driving. However, they say this is unlikely given that Alzheimer's disease symptoms typically develop after working age.

"We view these findings not as conclusive, but as hypothesis-generating," said Jena. "But they suggest that it's important to consider how occupations may affect risk of death from Alzheimer's disease and whether any cognitive activities can be potentially preventive."
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Long COVID's effects on employment: Financial distress, fear of judgment | ScienceDaily
Though research has shown that people with long COVID are more likely to be unemployed, the statistics don't reveal what patients go through before they cut their hours, stop working or lose their jobs.


						
In a new study involving interviews of people with long COVID, researchers from The Ohio State University describe how the prolonged illness has affected not only patients' job status, but also their overall well-being.

On top of symptoms including brain fog, fatigue, weakness and headaches, study participants reported lacking enough energy to do anything after work, loss of income and added insurance expenses when employment ended or changed, and emotional distress that comes with managing a misunderstood illness.

"For many individuals we talked to, their lives have been completely changed because of this chronic condition. And that's really changed how they see themselves, how they experience life, how they interact with their families, how they provide for their families," said lead author Sarah MacEwan, assistant professor of general internal medicine in Ohio State's College of Medicine.

"In some cases, incredible financial instability has upended their lives. They're facing extremely difficult choices and also trying to take care of themselves. It's so important that we hear from them so we can improve the ways we can support them."

Awareness of these employment-related challenges may help clinicians provide more holistic care to people with long COVID, researchers say. Examples include connecting patients to financial assistance, referring them to mental health practitioners or expediting requests for workplace accommodations.

The research was published recently in the Journal of General Internal Medicine.




MacEwan and colleagues conducted one-on-one interviews in late summer 2022 with 21 adult patients receiving treatment in the post-COVID recovery clinic at Ohio State Wexner Medical Center. Participants reported they had been doing well in daily life before having COVID-19 and were struggling with the effects of lingering symptoms for three or more months after an acute infection. They ranged in age from 19 to 68, three-fourths were women, and most were first infected with the SARS-CoV-2 virus in 2020.

Participants reported the illness interfered with both their work responsibilities and efforts to maintain work-life balance.

"Some quit their jobs because they just couldn't handle working anymore. Some reduced their hours. And then some were involuntarily terminated from their jobs because of their symptoms," said MacEwan, an investigator in Ohio State's Center for the Advancement of Team Science, Analytics and Systems Thinking in Health Services and Implementation Science Research.

There were both financial and emotional repercussions. Loss of income followed either being unable to work, changing to a job with lower pay or having to reduce work hours. Those whose insurance status changed often had to spend more on policies that provided less coverage -- all in the context of needing more care because they were chronically ill.

Participants also described feelings of loss of identity related to their professional and home lives and fear of judgment and stigma at work and among friends and family. In an earlier paper, the research team noted some patients faced skepticism in health care settings.

"One thing we've uncovered through this work is people not being believed by their providers about their symptoms or being brushed off or pushed into other diagnoses that they feel don't reflect their experience," MacEwan said. "It's a real question of whether they are getting what they need from the providers they're able to reach where they are."

The current article focused in part on how patients made adjustments to get through the day -- developing coping strategies they created or that were recommended by their care team, and accessing employer disability benefits and workplace accommodations.




"Some came up with solutions on their own, but it was wonderful to hear that great suggestions also came from additional specialists or therapists that these individuals were seeing," MacEwan said.

Respondents reported taking frequent rest breaks, eliminating distractions, making lists, emailing themselves a daily report of completed projects, using visual prompts on whiteboards or talking themselves through tasks. Some patients were encouraged by health care providers to seek short- or long-term disability benefits or workplace accommodations such as remote work and flex time. Many participants said initial support from employers eventually waned.

Long COVID is federally recognized as a potential disability, which provides some employment protection to patients. The study authors noted that clinicians recommending established interventions such as rest and pacing may need to anticipate how such treatment strategies affect employment, financial status and mental health -- and be ready to connect patients with resources to address the strains linked to making complex life choices.

"It's important that we use lived experience to understand the needs of the population and not make assumptions. There are a lot of good ideas already out there, and people with other chronic conditions have solutions for some of these problems," MacEwan said. "So maybe we don't need to reinvent the wheel, but we certainly need to identify the needs and take steps to fill those gaps."

This work was supported by a grant from the National Cancer Institute.

Co-authors, all from Ohio State, were Saurabh Rahurkar, Willi Tarver, Leanna Perez Eiterman, Halia Melnyk, Ramona Olvera, Jennifer Eramo, Lauren Teuschler, Alice Gaughan, Laura Rush, Stacy Stanwick, Susan Bowman Burpee, Erin McConnell, Andrew Schamess and Ann Scheck McAlearney.
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Breakthrough in treatment approach showing promise in the fight against glioblastoma | ScienceDaily
Mayo Clinic announces the results of an innovative treatment approach that may offer improvement in overall survival in older patients with newly diagnosed glioblastoma while maintaining quality of life. Glioblastoma is the most lethal type of primary brain cancer due to its aggressive nature and its treatment-resistant characteristics. It is the most common form of primary brain cancer. Each year an estimated 14,500 people in the U.S. are diagnosed with the disease. Results of Mayo Clinic's phase 2, single-arm study are published in The Lancet Oncology.


						
Sujay Vora, M.D., radiation oncologist at Mayo Clinic, led a team of researchers investigating the use of short-course hypofractionated proton beam therapy incorporating advanced imaging techniques in patients over the age of 65 with newly diagnosed World Health Organization (WHO) grade 4, malignant glioblastoma.

Results showed that 56% of participants were alive after 12 months and the median overall survival was 13.1 months." As compared to prior phase 3 studies in an older population having a median survival of only six to nine months, these results are promising," says Dr. Vora. "In some cases, patients with tumors that have favorable genetics lived even longer, with a median survival of 22 months. We are very excited about these results."

Glioblastoma is among the most challenging cancers to treat. The disease invades healthy brain tissue with hairlike tentacles, making surgical removal intricate. Surgeons must carefully balance removing as much of the tumor as possible while avoiding harm to critical areas of the brain responsible for essential functions such as movement and speech. Additionally, the tumor's cellular composition and its ability to evade therapies further challenge treatment efforts.

Standard radiation therapy is commonly used to treat glioblastoma and can be effective. However, a limitation is that it also exposes healthy brain tissue to radiation, potentially causing collateral, unintended damage. For the Mayo Clinic study, investigators used one of the most innovative and advanced forms of radiation treatment, called proton beam therapy. The cutting-edge, nonsurgical form of radiation therapy destroys cancer cells with targeted precision while minimizing side effects to surrounding healthy tissue.

Mayo investigators mapped the target area in the patient's brain by combining the advanced imaging technologies, including 18F-DOPA PET and contrast-enhanced MRI. "Combining advanced imaging allowed us to determine the most metabolically active, or aggressive, regions of the glioblastoma," says Dr. Vora.

Treatment was completed in one to two weeks instead of the traditional three to six weeks. "The advanced imaging along with the proton beam therapy allowed us to be more focused with radiation and protect surrounding healthy brain tissue from the effects of radiation. We were able to see that patients tolerated the treatments well and lived longer than we expected."

According to Dr. Vora, the study at Mayo Clinic is the first clinical trial of its kind investigating the use of short-course hypofractionated proton beam therapy incorporating advanced imaging technology, including 18F-DOPA PET and contrast-enhanced MRI targeting, for patients 65 and older with newly diagnosed glioblastoma.




The study included patients from Arizona and Minnesota. One of the study participants, Richard Casper, lived nearly two years longer than his prognosis. "I feel great. If someone didn't tell me I had the glioblastoma, I wouldn't even know it," reported Casper after undergoing treatment. He succumbed to the disease in 2023. "We miss our dad dearly," says his daughter, Susan Casper. "We will forever be grateful for the extra time we had with our father. The time gave us a chance to make memories that will last us a lifetime. It was also important to my father to participate in this study in hopes of helping others fight glioblastoma."

A larger, randomized clinical trial is now underway at Mayo Clinic. One of the study participants is Nadya El-Afandi, a wife and mother of four, who lives in St. Paul, Minnesota. She was diagnosed with glioblastoma in 2022. El-Afandi is now 15 months post-treatment with no sign of glioblastoma. "I feel wonderful," says El-Afandi. "I've had my fourth MRI, and we're not seeing any return of the glioblastoma."

El-Afandi is back to her regular activities and just returned from a trip to Hawaii, where she spent time snorkeling and hiking. "We are living on the edge of medical miracles, and we are riding that tide. There's no cure for glioblastoma yet, but I've been able to take advantage of this medical opportunity, and it has given me a quality of life that is just outstanding," adds El-Afandi.

While El-Afandi's results are encouraging, William Breen, M.D., radiation oncologist and principal investigator of the current study says it is too early to draw any conclusions about the safety and efficacy of the treatment until the study is complete. "Our goal is to transform the way we treat glioblastoma using shorter courses of radiation to minimize the burden on patients and their families and help them complete safe and effective treatment in a shorter amount of time."

The clinical trial, known as SAGA, or stereotactic ablative radiation treatment for glioblastoma, includes patients from Arizona, Florida and Minnesota. "We are now adding another component that builds upon Dr. Vora's work to help us best visualize the tumor," says Dr. Breen.

Meanwhile El-Afandi is focusing on living her life to the fullest. "I'm so grateful," says El-Afandi. "Every day is the best day, and I'm going to enjoy every minute of it."

The study was funded by Mayo Clinic Marley Endowment Funds and the Lawrence W. and Marilyn W. Matteson Fund in Cancer Research.
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Staying sharp: Study explores how brain changes may affect financial skills | ScienceDaily
Senior citizens are targeted by financial scams of all types, from email-based phishing attempts to callers looking to swindle their life savings.


						
A new paper from Binghamton University Associate Professor of Psychology Ian M. McDonough sheds light on how age-related changes may affect the way we handle finances -- and how we can stay sharp as we age. "Separating neurocognitive mechanisms of maintenance and compensation to support financial ability in middle-aged and older adults: The role of language and the inferior frontal gyrus," co-authored by Macarena Suarez-Pellicioni of the University of Alabama, was recently published in the Archives of Gerontology and Geriatrics.

The study focused on cognitively healthy adults ages 50 to 74, using MRI scans to measure brain structure and functional connectivity; study participants also engaged in simple financial tasks, such as balancing a checkbook or making change.

Financial tasks rely on multiple cognitive domains, including memory, executive functioning and numerical ability; aging can prompt subtle decline in all of these areas.

Earlier research that dealt with financial management and Alzheimer's-related brain decline focused on the parietal cortex, the part of the brain involved in attention and simulating possible future outcomes, McDonough said. Little attention has been paid to the brain regions connected specifically with math processing, outside of the development of these regions in children.

Mathematics involves two different brain regions. One is the inferior frontal gyrus, which specifically deals with accessing math information contained in your memory.

"If I ask, 'What's 3 plus 3?' you know it's six; you don't have to count 3 plus 3," McDonough explained. "You have memorized this because of rote learning and years and years of it being embedded in you."

If you don't have a readily memorized answer and need to perform calculations, then your middle frontal gyrus kicks in. It uses more brainpower than memory and increases the possibility of error.




"When people are doing the calculation, they're more likely to get it wrong. If you've memorized it, you've memorized the right answer," McDonough said. "You're faster, more efficient and more accurate when you have those verbal representations."

The brain's prefrontal cortex shrinks as a part of normal aging; with Alzheimer's disease, the frontal cortex regions shrink even faster. As a result, individuals may start making more mistakes with financial tasks since their brains no longer rely on memorized answers and are instead recruiting different regions to compensate for deficiencies.

"They are potential markers that could show people's increased vulnerability to scams," he said. "If we understand how the brain changes, this can inform interventions used to target these brain regions."

Preserving independence

Ultimately, successful financial management may rely more on language processing than sheer calculation. Individuals with better language skills were more likely to excel in financial tasks, the researchers found, likely because of increased connectivity between different parts of the brain.

McDonough's research shows that higher household income and financial literacy -- both markers of socioeconomic status -- were the two main factors protecting against age-related declines in financial ability. Relying on memory requires that memories be developed in the first place, which is more likely in an environment where financial literacy is promoted.




Financial education may help people retain sharp decision-making abilities on the money front. Maintaining verbal automatic representations for math -- essentially, practicing the math skills you learned in school -- may be helpful in supporting good financial management throughout life.

Individuals and caregivers alike, however, also need to keep an eye out for cognitive declines that can make older adults more susceptible to financial scams and abuse. Financial tools, technologies and legal safeguards, such as power of attorney for automatic payment systems, can protect older adults while preserving their autonomy in decision-making.

"Managing finances is so important to maintaining independence later in life," McDonough said. "We need to have interventions that can strengthen the brain and help keep people healthy when managing their finances."
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Breathing coordinates brain rhythms for memory consolidation during sleep | ScienceDaily
Just as a conductor coordinates different instruments in an orchestra to produce a symphony, breathing coordinates hippocampal brain waves to strengthen memory while we sleep, reports a new Northwestern Medicine study.


						
This is the first time breathing rhythms during sleep have been linked to these hippocampal brain waves -- called slow waves, spindles and ripples -- in humans. Scientists knew these waves were linked to memory but their underlying driver was unknown.

"To strengthen memories, three special neural oscillations emerge and synchronize in the hippocampus during sleep, but they were thought to come and go at random times," said senior study author Christina Zelano, professor of neurology at Northwestern University Feinberg School of Medicine. "We discovered that they are coordinated by breathing rhythms."

Northwestern scientists discovered that hippocampal oscillations occur at particular points in the breathing cycle, suggesting that breathing is a critical rhythm for proper memory consolidation during sleep.

"Memory consolidation relies on orchestration of brain waves during sleep, and we show that this process is closely timed by breathing," said corresponding author Andrew Sheriff, a postdoctoral student in Zelano's lab.

The study will be published Dec. 16 in the Proceedings of the National Academy of Sciences.

The findings have important implications for disordered breathing during sleep -- such as sleep apnea -- which is linked with poor memory consolidation.




We've all had the experience of better memories after a night of sleep. This was noted as far back as ancient Rome, when the scholar Quintillion wrote of the "curious fact" that "the interval of a single night will greatly increase the strength of the memory," the study authors said. He was describing what we now call memory consolidation, which is accomplished by the exquisitely tuned coordination of different brain waves in the hippocampus.

"When you're sleeping, your brain is actively replaying experiences you had during the day," Sheriff said.

Sheriff had just returned from a conference in Reykjavik, Iceland, where he had to learn his way around a new city. "The hippocampus plays a major role in forming a map of a new area," Sheriff said. "I would wake up and feel I had a better representation of the city around me. That was facilitated by the oscillations that occurred during my sleep, which we found are coordinated by breathing."

The study indicates people with disrupted breathing during sleep should seek treatment for it, Sheriff said.

"When you don't get sleep your brain suffers, your cognition suffers, you get foggy," Sheriff said. "We also know that sleep-disordered breathing is connected with stroke, dementia and neurodegenerative disorders like Alzheimer's Disease.

"If you listen to someone breathing, you might be able to tell when they are asleep, because breathing is paced differently when you're sleeping. One reason for that may be that breathing is performing a careful task: coordinating brain waves that are related to memory."

Other Northwestern authors include Guangyu Zhou, Justin Morgenthaler, Christopher Cyr, Katherina K. Hauner, Mahmoud Omidbeigi, Joshua Rosenow, Stephan Schuele and Gregory Lane.
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Naughty or Nice? Many parents rely on threats to manage misbehavior -- from no dessert to no Santa | ScienceDaily
When young children's behavior becomes challenging, many parents resort to threats -- from taking away toys to threatening that Santa will skip their house, a national poll suggests.


						
Parents of children ages three to five were most likely to say they use threats to address misbehavior -- with a fourth threatening their child with no Santa or gifts -- according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

Many parents have also threatened to leave an activity or place, take away toys or not get dessert while nearly half of parents polled have used bribes.

"Discipline helps young children learn what behaviors are safe and appropriate and can play a crucial role in helping them learn the difference between right and wrong," said Mott pediatrician and Mott Poll co-director Susan Woolford, M.D.

"Empty threats, however, undermine trust and credibility and aren't usually effective. Positive reinforcement and consistent discipline are more likely to shape long term behavior."

Consistency is key

While half of parents rate themselves as very consistent in disciplining their child, many admit struggling with consistency, according to the nationally representative report based on 725 responses from parents with at least one child ages one to five surveyed in August.




Top challenges include a child being too young to understand, strategies not always working and parents trying to prevent a public tantrum.

Nearly a fourth of parents also say they get too irritated when their child misbehaves, react before remembering their strategies or are too tired to be consistent.

"It can be difficult to have a consistent approach to discipline without consideration and planning -- and even then, consistency can be difficult, especially when parents are tired, distracted, or feeling overwhelmed," Woolford said.

"It's important for parents to plan ahead and be on the same page with discipline strategies to provide a foundation for understanding expectations and prevent sending mixed signals about boundaries."

Parents may need guidance finding the best discipline strategies

Parents weren't always sure whether their discipline strategies worked, with about two fifths saying they're very effective and three in five believing they're somewhat effective.




Most parents polled also reported getting input about discipline strategies from several sources, with many turning to the child's other parent, talking with family and friends or using parenting books, articles and social media.

Meanwhile, less than a fifth of parents have discussed discipline with a healthcare provider and one in eight parents say they haven't thought about their discipline strategies.

Some parents polled also admitted using discipline strategies that aren't recommended by experts, with two in five sometimes spanking -- which evidence suggests may lead to defiance and be linked to increased aggression in preschoolers and school aged children.

"Parents should avoid the temptation to rely on tactics that might yield short-term compliance but have negative effects later on," Woolford said.

"Discipline strategies should be appropriate for the child's age and developmental level."

For children ages one to two, for example, distraction and redirection are often most effective, Woolford says, noting that children this young are exploring their environment and willful misbehavior is rare. Parents of children in this age group polled were also more likely to redirect behavior as a strategy.

But after age two, children understand their actions can cause a reaction from others and may increasingly test that out. Parents of children ages three to five polled were more likely to use warnings, speak firmly, and give timeouts.

During these preschool ages, Woolford says, strategies should emphasize logical consequences to misbehavior. For instance, if a child spills a drink out of anger, an appropriate punishment would be to have them clean up the mess while an unrelated punishment will be less effective.

"Consequences should be immediate, so the child understands the connection with their misbehavior," she said.

She adds that since children respond differently to various discipline methods, parents should try to be flexible.

"As children grow, their responses to discipline will also change, so parents should adapt their strategies and stay open to new approaches," she said.

"Balancing correction with positive reinforcement -- like praise and rewards -- helps children build self-esteem while learning from their mistakes."
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Can lab-grown neurons exhibit plasticity? | ScienceDaily
"Neurons that fire together, wire together" describes the neural plasticity seen in human brains, but neurons grown in a dish don't seem to follow these rules. Neurons that are cultured in-vitro form random and meaningless networks that all fire together. They don't accurately represent how a real brain would learn, so we can only draw limited conclusions from studying it.


						
But what if we could develop in-vitro neurons that actually behaved more naturally?

A research team at Tohoku University has used microfluidic devices to reconstitute biological neuronal networks bearing connectivity resembling that found in animal nervous systems. They showed that such networks exhibit complex activity patterns that were able to be "reconfigured" by repetitive stimulation. This remarkable finding provides new tools for studying learning and memory.

The results were published online in Advanced Materials Technologies on November 23, 2024.

In certain areas of the brain, information is encoded and stored as "neuronal ensembles," or groups of neurons that fire together. Ensembles change based on input signals from the environment, which is considered to be the neural basis of how we learn and remember things. However, studying these processes using animal models is difficult because of its complex structure.

"The reason there is a need to grow neurons in the lab is because the systems are much simpler," remarks Hideaki Yamamoto (Tohoku University), "Lab-grown neurons allow scientists to explore how learning and memory work in highly controlled conditions. There is a demand for these neurons to be as close to the real thing as possible."

The research team created a special model using a microfluidic device -- a small chip with tiny 3D structures. This device allowed neurons to connect and form networks similar to those in the animals' nervous system. By changing the size and shape of the tiny tunnels (called microchannels) that connect the neurons, the team controlled how strongly the neurons interacted.

The researchers demonstrated that networks with smaller microchannels can maintain diverse neuronal ensembles. For example, the in-vitro neurons grown in traditional devices tended to only exhibit a single ensemble, while those grown with the smaller microchannels showed up to six ensembles. Additionally, the team found that repeated stimulation modulates these ensembles, showing a process resembling neural plasticity, as if the cells were being reconfigured.

This microfluid technology in conjunction with in-vitro neurons could be used in the future to develop more advanced models that can mimic specific brain functions, like forming and recalling memories.
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A quick end for mRNA | ScienceDaily
They are like the architects of our body: messenger ribonucleic acids, or mRNA for short. They contain detailed blueprints for proteins, which are read and translated by their "colleagues," the ribosomes. We could not survive without the proteins in our bodies -- they control cell division, provide a strong immune system and make our cells resistant to external attack.


						
As in "real construction," some blueprints at the cellular level require additional instructions -- for example, if a protein needs to be produced particularly quickly or if the blueprint is faulty. In our body, this role is played by so-called RNA modifications, small chemical changes that act like additional comments attached to individual components of the mRNA.

New Degradation Process for MRNA Discovered

Researchers at the University of Wurzburg (JMU) in Bavaria, Germany, have now focused on a specific modification, N6-methyladenosine (m6A). "m6A is interesting for science because this modification is often altered in people who suffer from metabolic disorders, cancer or heart disease," explains bioinformatician Kathi Zarnack. "Its function: When m6A is attached to an mRNA, it triggers the degradation of the mRNA as soon as the first proteins have been produced according to the blueprint it contains. This is particularly important for proteins, of which too many must not be produced as this would be harmful to the cell." The Wurzburg researchers were the first to discover and observe this degradation process: It couples the degradation of an mRNA directly to the proteins produced and is significantly faster and more efficient than previously known mechanisms for mRNA degradation.

Crucially, this particular pathway only works when m6A is present in specific regions of the mRNA. In this way, m6A particularly "comments" on the blueprints for proteins involved in cell differentiation -- that is, whether a cell will exist as a nerve cell, muscle cell, skin cell or some other form.

Drugs that control the addition of m6A to mRNA could take advantage of this process. By specifically suppressing m6A, it would be possible to produce more proteins with desirable functions -- and, conversely, to inhibit the production of undesirable proteins. The problem: Until now, it has been difficult for scientists to predict the effects of such drugs because it was not known in which regions of the mRNA the m6A modification had to be located in order to trigger degradation. "With our study, we are now contributing to a better understanding and more precise prediction of which mRNAs are particularly sensitive to these drugs," says biochemist and RNA biologist Julian Konig, Zarnack's colleague.

Next Research Steps

In the future, the researchers plan to investigate in more detail how m6A-marked mRNA is degraded, for example, how ribosomes recognise the modification, and how targeted mRNA degradation by m6A can be used clinically.

In addition to the Wurzburg researchers, the Institute of Molecular Biology (IMB) in Mainz and the Goethe University in Frankfurt are also involved in the study, which is funded by the German Research Foundation as part of the Collaborative Research Centre TRR 319 "RMaP: RNA Modification and Processing."
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        Human-like artificial intelligence may face greater blame for moral violations
        In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds.

      

      
        Lost score revives sound of music and voices from centuries past
        A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago. Scholars have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century. Researchers say the tantalizing discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survi...

      

      
        Supermassive black holes halt rapid construction in an ancient celestial city
        Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.

      

      
        Potentially harmful bacteria slip through antimicrobial showerheads
        To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But researchers now report that these fixtures are no 'silver bullet.' In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.

      

      
        Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid
        Scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaurs. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

      

      
        Survey of 26,000 dead stars confirms key details of extreme stellar behavior
        A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.

      

      
        New recommendations to increase transparency and tackle potential bias in medical AI technologies
        A new set of recommendations aims to help improve the way datasets are used to build Artificial intelligence (AI) health technologies and reduce the risk of potential AI bias.

      

      
        Massive black hole in the early universe spotted taking a 'nap' after overeating
        Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food. Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

      

      
        Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles
        Scientists have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size. The findings suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

      

      
        Engineers grow 'high-rise' 3D chips
        Researchers can now fabricate a 3D chip with alternating layers of semiconducting material grown directly on top of each other. The method eliminates thick silicon substrates between the layers, leading to better and faster computation, for applications like more efficient AI hardware.

      

      
        A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age
        Scientists propose a 'remelting' of the Moon's surface 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating.

      

      
        Thorium film could replace crystals in atomic clocks of the near future
        Atomic clocks that excite the nucleus of thorium-229 embedded in a transparent crystal when hit by a laser beam could yield the most accurate measurements ever of time and gravity, and even rewrite some of the fundamental laws of physics. Thorium-229-doped crystals are both scarce and radioactive. A thin film using a dry precursor of thorium-229 shows the same nuclear excitation as the crystal, but its low cost and radioactivity, and smaller size mean its production could be more easily scaled up...

      

      
        Developing artificial intelligence tools for health care
        Reinforcement Learning, an artificial intelligence approach, has the potential to guide physicians in designing sequential treatment strategies for better patient outcomes but requires significant improvements before it can be applied in clinical settings, finds a new study.

      

      
        New virtual reality-tested system shows promise in aiding navigation of people with blindness or low vision
        A new study offers hope for people who are blind or have low vision (pBLV) through an innovative navigation system that was tested using virtual reality. The system, which combines vibrational and sound feedback, aims to help users navigate complex real-world environments more safely and effectively.

      

      
        Nano drug delivery system heralds safer era for drug development
        A team of researchers has created an innovative drug delivery system with outstanding potential to improve drug development.

      

      
        How to print a car: High-performance multi-material 3D printing techniques
        A future where lightweight car parts can be made with a 3D printer is here, thanks to multi-material additive manufacturing research.

      

      
        Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth
        Microgravity is known to alter the muscles, bones, the immune system and cogni tion, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, scientists sent tiny clumps of stem-cell derived brain cells called 'organoids' to the International Space Station.

      

      
        Physicists 'bootstrap' validity of string theory
        String theory remains elusive as a 'provable' phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its 'inevitability.'

      

      
        World Cup soccer is getting faster for men and women alike
        If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study.

      

      
        Significant advancement made in engineering biology and clean energy
        Engineers have reported a significant advancement in engineering biology and clean energy. A team of researchers has developed an innovative light-driven hybrid nanoreactor that merges natural efficiency with cutting-edge synthetic precision to produce hydrogen -- a clean and sustainable energy source.

      

      
        String figures shed light on cultural connections and the roots of mathematical reasoning
        New research suggests that the making of string figures, a globally documented practice, may point to shared cultural heritage stretching back millennia. The research offers a new way to investigate the evolution and distribution of cultural phenomena using mathematical methods.

      

      
        Physics: Current generated by the quantum Hall effect has additional magnetic properties
        The quantum Hall effect, a fundamental effect in quantum mechanics, not only generates an electric but also a magnetic current. It arises from the motion of electrons on an orbit around the nuclei of atoms. These results can potentially be used to develop new types of inexpensive and energy-efficient devices.

      

      
        The physics of random stacking: Perspectives on stability and chaos
        Pile up blocks until the tower collapses. But why does the tower always end up collapsing? Is it possible that it can be built ad infinitum? A new study explores the fascinating and complex dynamics of the stacking of blocks subjected to hazards.

      

      
        Event Horizon Telescope: Moving towards a close-up of a black hole and its jets
        After taking the first images of black holes, the groundbreaking Event Horizon Telescope (EHT) is poised to reveal how black holes launch powerful jets into space. Now, a research team has shown that the EHT will be able to make exciting images of a supermassive black hole and its jets in the galaxy NGC 1052. The measurements, made with interconnected radio telescopes, also confirm strong magnetic fields close to the black hole's edge.

      

      
        Travelers weigh in on weight-based airfares for eco-friendly skies
        The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the e...

      

      
        New discovery by scientists redefines magnetism
        Step into a world so tiny, it defies imagination -- the nanoscale. Picture a single strand of hair, now shrink it a million times. You've arrived. Here, atoms and molecules are the architects of reality, building properties and phenomena that challenge everything we thought we knew -- until now. Researchers have now unlocked a stunning discovery on this invisible frontier: a brand-new type of quasiparticle in all magnetic materials, no matter their strength or temperature. This groundbreaking fin...

      

      
        Hyperspectral imaging lidar system achieves remote plastic identification
        New technology could remotely identify various types of plastics, offering a valuable tool for future monitoring and analysis of oceanic plastic pollution. A new hyperspectral Raman imaging lidar system can remotely detect and identify various types of plastics, which could help address the critical issue of plastic pollution in the ocean by providing better tools for monitoring and analysis.

      

      
        Being digitally hyperconnected causes 'techno-strain' for employees
        A new study has shown that employees are experiencing mental and physical techno-strain due to being 'hyperconnected' to digital technology making it difficult for people to switch off from work.

      

      
        Binary star found near our galaxy's supermassive black hole
        An international team of researchers has detected a binary star orbiting close to Sagittarius A*, the supermassive black hole at the centre of our galaxy. It is the first time a stellar pair has been found in the vicinity of a supermassive black hole. The discovery helps us understand how stars survive in environments with extreme gravity, and could pave the way for the detection of planets close to Sagittarius A*.

      

      
        Training solar panels to dance with the wind
        Researchers propose a unique numerical decision-making framework for solar panel protection against extreme weather conditions. The framework combines advanced wind simulations with machine learning to optimize individual solar panel angles under strong winds. Unlike previous methods, this new method treats panels as independent decision-makers and identifies creative, data-driven solutions to reduce stress, significantly outperforming current safeguards.

      

      
        Young English speakers are most comfortable with digital health
        Digital health tools, such as patient portals, treatment apps and online appointment schedulers, are increasingly common. But not everyone is equally at home using them.

      

      
        Peptide-guided nanoparticles deliver mRNA to neurons
        Engineers have modified lipid nanoparticles (LNPs) -- the revolutionary technology behind the COVID-19 mRNA vaccines -- to not only cross the blood-brain barrier (BBB) but also to target specific types of cells, including neurons. This breakthrough marks a significant step toward potential next-generation treatments for neurological diseases like Alzheimer's and Parkinson's.

      

      
        Tiny robots, big impact: Revolutionizing infertility treatment with magnetic microrobots
        Infertility affects an estimated 186 million people worldwide, with fallopian tube obstruction contributing to 11%-67% of female infertility cases. Researchers have developed an innovative solution using a magnetically driven robotic microscrew to treat fallopian tube blockages. The microrobot is made from nonmagnetic photosensitive resin, coated with a thin iron layer to give it magnetic properties. By applying an external magnetic field, the robot rotates, generating translational motion that e...

      

      
        Microchips capable of detecting and diagnosing diseases
        Researchers have developed microchips using field-effect transistors that can detect multiple diseases from a single air sample with high sensitivity. The technology enables rapid testing and could lead to portable diagnostic devices for home and medical use.

      

      
        Electric vehicle transition could create unwanted air pollution hotspots in China and India
        New research has uncovered a potential unintended consequence of the electric vehicle transition in India and China, finding that sulfur dioxide emissions could actually increase over current levels if the countries were to fully onshore their electric vehicle supply chains. The overwhelming majority of those emissions would come from refining and manufacturing nickel and cobalt -- important minerals for today's electric vehicle batteries.

      

      
        New paper examines the elusive nature of liquid brines on Mars
        The combination of low temperature, atmospheric pressure and water vapor pressure on Mars means any liquid water found there would likely freeze, boil or evaporate immediately, making its presence unlikely.

      

      
        Staying sharp: Study explores how brain changes may affect financial skills
        A new article sheds light on how age-related changes may affect the way we handle finances -- and how we can stay sharp as we age.

      

      
        Exploring excited state dynamics: Advancements in fluorescence and material design
        Excited state dynamics are essential for understanding fluorescence properties in molecules, impacting their application in technologies. Recent research explores how molecular structure and geometry influence light emission in aggregation-induced emission molecules. The study reveals that changes in molecular shape affect emission behavior in both solution and solid states. These insights are crucial for advancing applications like organic light-emitting diodes and bioimaging, enabling innovatio...

      

      
        Can lab-grown neurons exhibit plasticity?
        This bioengineering breakthrough has found a way to make neurons grown in a dish react just like the real thing.

      

      
        Highly sensitive transparent ultrasound transducer for photoacoustic and ultrasound endoscopy in live pigs
        Scientists develop a high-performance photoacoustic endoscopy featuring a transparent ultrasound transducer.

      

      
        Making the most of Switzerland's wood
        Sustainable, renewable and good for the climate: Wood is the material of the future. But how much of it do we actually have and how do we make best use of it? Researchers have now analyzed the material flows of wood in Switzerland in detail -- and discovered untapped opportunities.

      

      
        Physics and emote design: Quantifying clarity in digital images
        When analyzing artworks, understanding the visual clarity of compositions is crucial. Inspired by digital artists, researchers have created a metric to quantify clarity in digital images. As a result, scientists can accurately capture changes in structure during artistic processes and physical transformations. This new metric can improve analysis and decision-making across the scientific and creative domains, potentially transforming how we understand and evaluate the structure of images. It has ...

      

      
        Problems developed faster among gamers who started early
        People who started playing video games at an early school age developed problematic gaming more quickly compared to those who started playing a few years later.

      

      
        Does the exoplanet Trappist-1 b have an atmosphere after all?
        Recent measurements with the James Webb Space Telescope (JWST) cast doubt on the current understanding of the exoplanet Trappist-1 b's nature. Until now, it was assumed to be a dark rocky planet without an atmosphere, shaped by a billion-year-long cosmic impact of radiation and meteorites. The opposite appears to be true. The surface shows no signs of weathering, which could indicate geological activity such as volcanism and plate tectonics. Alternatively, a planet with a hazy atmosphere composed...

      

      
        Unlocking the journey of gold through magmatic fluids
        When one tectonic plate sinks beneath another, it generates magmas rich in volatiles such as water, sulphur and chlorine. As these magmas ascend, they release magmatic fluids, in which sulphur and chlorine bind to metals such as gold and copper, and transport these metals towards the surface of the Earth. As the extreme conditions relevant to natural magmas are very difficult to reproduce in the laboratory, the precise role of the different forms of sulphur in metal transport remains highly debat...

      

      
        Scientists develop 3D concrete printing method that captures carbon dioxide
        Scientists have developed a 3D concrete printing method that captures carbon, demonstrating a new pathway to reduce the environmental impact of the construction industry.

      

      
        New simulation method sharpens our view into Earth's interior
        How does the Earth generate its magnetic field? While the basic mechanisms seem to be understood, many details remain unresolved. A team of researchers has introduced a simulation method that promises new insights into the Earth's core. The method simulates not only the behavior of atoms, but also the magnetic properties of materials. The approach is significant for geophysics, but could also support the development of future technologies such as neuromorphic computing -- an innovative approach t...

      

      
        It's worth mixing it up: what combination of policies will lead to a clean energy future?
        How can we ensure that as many households as possible adopt not only solar panels, but also their own battery to store solar energy, a heat pump, and an electric car? Researchers have looked into just this question.

      

      
        Blood test could make cancer treatments safer and more effective
        Scientists have developed a new blood test that could screen cancer patients to help make their treatment safer and more effective.

      

      
        Breaking barriers: Study uses AI to interpret American Sign Language in real-time
        A study is the first-of-its-kind to recognize American Sign Language (ASL) alphabet gestures using computer vision. Researchers developed a custom dataset of 29,820 static images of ASL hand gestures. Each image was annotated with 21 key landmarks on the hand, providing detailed spatial information about its structure and position. Combining MediaPipe and YOLOv8, a deep learning method they trained, with fine-tuning hyperparameters for the best accuracy, represents a groundbreaking and innovative...
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Human-like artificial intelligence may face greater blame for moral violations | ScienceDaily
In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds. Minjoo Joo of Sookmyung Women's University in Seoul, Korea, presents these findings in the open-access journal PLOS ONE on December 18, 2024.


						
Prior research has revealed a tendency of people to blame AI for various moral transgressions, such as in cases of an autonomous vehicle hitting a pedestrian or decisions that caused medical or military harm. Additional research suggests that people tend to assign more blame to AIs perceived to be capable of awareness, thinking, and planning. People may be more likely to attribute such capacities to AIs they perceive as having human-like minds that can experience conscious feelings.

On the basis of that earlier research, Joo hypothesized that AIs perceived as having human-like minds may receive a greater share of blame for a given moral transgression.

To test this idea, Joo conducted several experiments in which participants were presented with various real-world instances of moral transgressions involving AIs -- such as racist auto-tagging of photos -- and were asked questions to evaluate their mind perception of the AI involved, as well as the extent to which they assigned blame to the AI, its programmer, the company behind it, or the government. In some cases, AI mind perception was manipulated by describing a name, age, height, and hobby for the AI.

Across the experiments, participants tended to assign considerably more blame to an AI when they perceived it as having a more human-like mind. In these cases, when participants were asked to distribute relative blame, they tended to assign less blame to the involved company. But when asked to rate the level of blame independently for each agent, there was no reduction in blame assigned to the company.

These findings suggest that AI mind perception is a critical factor contributing to blame attribution for transgressions involving AI. Additionally, Joo raises concerns about the potentially harmful consequences of misusing AIs as scapegoats and calls for further research on AI blame attribution.

The author adds: "Can AIs be held accountable for moral transgressions? This research shows that perceiving AI as human-like increases blame toward AI while reducing blame on human stakeholders, raising concerns about using AI as a moral scapegoat."
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Lost score revives sound of music and voices from centuries past | ScienceDaily
A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago.


						
Scholars from Edinburgh College of Art and KU Leuven in Belgium have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century.

Researchers say the tantalising discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survives from the northeast of Scotland from this period.

The scholars made the discovery in a copy of The Aberdeen Breviary of 1510, a collection of prayers, hymns, psalms and readings used for daily worship in Scotland, including detailed writings on the lives of Scottish saints. Known as the 'Glamis copy' as it was formerly held in Glamis Castle in Angus, it is now in the National Library of Scotland in Edinburgh.

Despite the musical score having no text, title or attribution, researchers have identified it as a unique musical harmonisation of Cultor Dei, a night-time hymn sung during the season of Lent.

The Aberdeen Breviary came from an initiative by King James IV who issued a Royal Patent to print books containing orders of service in accordance with Scottish religious practices, rather than needing to rely on importing texts from England or Europe.

The researchers say the composition is from the Aberdeenshire region, with probable links to St Mary's Chapel, Rattray -- in Scotland's far northeastern corner -- and to Aberdeen Cathedral.




The discovery was made as researchers examined numerous handwritten annotations in the margins of the Glamis copy.

Of primary interest to the scholars was a fragment of music -- spread over two lines, the second of which is approximately half the length of the first -- on a blank page in a section of the book dedicated to Matins, an early morning service.

The presence of the music was a puzzle for the team. It was not part of the original printed book, yet it was written on a page bound into structure of the book, not slipped in at a later date, which suggests that the writer wanted to keep the music and the book together.

In the absence of any textual annotations on the page it was not clear whether the music was sacred, secular or even for voices at all, the researchers say.

After investigation they deduced it was polyphonic -- when two or more lines of independent melody are sung or played at the same time. Sources from the time say this technique was common in Scottish religious institutions, however very few examples have survived to the present day.

Looking closer, one of the team members realised that the music was a perfect fit with a Gregorian chant melody, specifically that it was the tenor part from a faburden, a three- or four-voice musical harmonization, on the hymn Cultor Dei.




David Coney, of Edinburgh College of Art, who discovered the identity of the music, said: "Identifying a piece of music is a real 'Eureka' moment for musicologists. Better still, the fact that our tenor part is a harmony to a well-known melody means we can reconstruct the other missing parts. As a result, from just one line of music scrawled on a blank page, we can hear a hymn that had lain silent for nearly five centuries, a small but precious artefact of Scotland's musical and religious traditions."

As well as uncovering lost sounds within its pages, researchers have also traced how the Aberdeen Breviary may have been used, and by whom, over its long history. At one time used as the private service-book of the illegitimate son of a high-ranking chaplain at Aberdeen Cathedral, himself a rural priest, it would later become a treasured family heirloom of a Scottish Catholic whose travels led him from post-Reformation Scotland to the capitals of the Habsburg and Ottoman Empires.

Lead author, Dr Paul Newton-Jackson, of KU Leuven, said: "The conclusions we have been able to draw from this fragment underscore the crucial role of marginalia as a source of new insights into musical culture where little notated material survived. It may well be that further discoveries, musical or otherwise, still lie in wait in the blank pages and margins of other sixteenth century printed books held in Scotland's libraries and archives."

In 2023, Dr Newton-Jackson was also a post-doctoral fellow at the University of Edinburgh's Institute for Advanced Studies in the Humanities.

Dr James Cook, of Edinburgh College of Art, said: "For a long time, it was thought that pre-Reformation Scotland was a barren wasteland when it comes to sacred music. Our work demonstrates that, despite the upheavals of the Reformation which destroyed much of the more obvious evidence of it, there was a strong tradition of high-quality music-making in Scotland's cathedrals, churches and chapels, just as anywhere else in Europe."

The study is published in the Journal Music and Letters.
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Supermassive black holes halt rapid construction in an ancient celestial city | ScienceDaily
Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.


						
Understanding how galaxies form and complete their growth is an area of fundamental focus in astrophysics. The dense regions of the universe, like galaxy clusters, are dominated by giant elliptical galaxies -- massive, ancient galaxies that consist of old stars. Although the mechanism by which these giant elliptical galaxies halt star formation remains debated, one theory predicts that supermassive black holes (SMBHs) could play a key role. Their intense energy can suppress the gas supply to galaxies, which may lead to the formation of the giant elliptical galaxies seen today.

Against this backdrop, an international team of researchers investigated massive galaxies in an ancient galaxy cluster known as the Spiderweb protocluster, located 11 billion light years away, using data from the James Webb Space Telescope (JWST). The research was led by Associate Professor Rhythm Shimakawa from Waseda University, Japan; Dr. Yusei Koyama from the National Astronomical Observatory of Japan; Prof. Tadayuki Kodama from Tohoku University, Japan; Dr. Helmut Dannerbauer and Dr. J. M. Perez-Martinez from the Instituto de Astrofisica de Canarias and Universidad de La Laguna, Spain; along with others who were a part of the team. Their findings were published in the Monthly Notices of the Royal Astronomical Society: Letters on December 18, 2024.

The team succeeded in obtaining high-resolution maps of the recombination lines of hydrogen, which indicate the activity of star formation and SMBHs, through the Near-Infrared Camera mounted on JWST. Detailed analysis showed that massive galaxies with active SMBHs exhibit no sign of star formation, meaning that their growth is severely hampered by SMBHs. The results support the theoretical prediction that the formation of giant elliptical galaxies is linked with SMBH activity in the past.

"The Spiderweb protocluster has been studied by our team for more than 10 years using the Subaru Telescope and other facilities. With the new JWST data, we are now able to 'answer the questions' of understanding and predicting galaxy formation that we have accumulated," remarks Dr. Shimakawa. He adds further, "This study marks a significant step forward in expanding our understanding of the co-evolution of SMBHs and galaxies in celestial cities."
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Potentially harmful bacteria slip through antimicrobial showerheads | ScienceDaily
To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But in ACS ES&T Water, researchers now report that these fixtures are no "silver bullet." In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.


						
The stream of droplets and fine mist that form during a shower could be inhaled or swallowed. Installing showerheads containing silver -- a naturally antimicrobial metal -- is a cost-effective way to potentially protect against drinking water-associated pathogens (DWPIs). DWPIs, such as the strains Pseudomonas and Legionella, can cause infections in people with compromised immune systems. However, researchers have previously reported that reducing DWPI by adding copper and silver to a building's water system to eliminate bacteria and viruses (i.e., copper-silver ionization) is a temporary or minor fix. The copper-silver ionization study results have raised concerns in the scientific community that short-term silver exposure in showerheads could fortify microbes instead and increase the risk of antimicrobial resistance, rather than curb it. So, Sarah-Jane Haig and colleagues wanted to see how showerheads containing silver affected the microbial composition of the water.

The team compared two conventional showerheads made of either plastic or metal with three fixtures that contained silver -- as a silver mesh within the showerhead, a silver-coated copper mesh in the showerhead and hose, or as a silver-embedded polymer composite. The showerheads were run in Haig's full-scale shower lab facility, which was developed to mimic real-world conditions.

Contrary to the antimicrobial claims of manufacturers, silver did not reduce overall DWPI concentrations or total bacteria in water samples in the researchers' shower lab. Haig and her team reasoned that this is a result of differences in their testing conditions versus those of the manufacturers'. More specifically, in this study the water came out of the showerhead in a quick rush, as would happen when someone takes a shower. However, the standard tests used by manufacturers expose microbe cultures to the silver material alone for 16 to 24 hours, which the team says is not an appropriate timeframe or a realistic scenario.

Although the overall pathogen concentration in the water samples didn't vary between standard and silver showerheads, the composition of the microbiome did. The populations were different for each of the silver-containing fixtures, which suggests that the way the silver was incorporated into the showerheads mattered, and rare microbes accounted for most of the differences. Further experiments by the team suggest that microbes in the silver-containing showerheads could be more prone to forming microbial communities called biofilms in response to the stressful environment. In addition, biofilms might explain the association between the number of different species and showerhead age, say the researchers, because these communities are reservoirs for DWPIs.

"These findings underscore the need for improved testing standards, real-world performance evaluation, and innovative solutions to mitigate microbial risks in water systems, benefiting consumers and vulnerable populations," says Haig.

The authors acknowledge funding from the National Science Foundation. 
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Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid | ScienceDaily
Although our Solar System is billions of years old, we've only recently become better acquainted with one of its more dynamic and captivating inhabitants known as (2060) Chiron.


						
Chiron belongs to the class of objects that astronomers call "Centaurs." Centaurs are space objects that orbit the Sun between Jupiter and Neptune. They are akin to the mythological creature they borrow their name from in that they are hybrid, possessing characteristics of both asteroids and comets.

Using the James Webb Space Telescope, UCF Florida Space Institute (FSI) scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaur. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

The researchers' results were recently published in the journal Astronomy & Astrophysics.

UCF FSI Associate Scientist Noemi Pinilla-Alonso, who now works at the University of Oviedo in Spain, and Assistant Scientist Charles Schambeau led the research. The new findings build upon prior discoveries from Pinilla-Alonso and colleagues that detected carbon monoxide and carbon dioxide ice on trans-Neptunian objects (TNOs) for the first time earlier this year.

Those observations, paired with ones of Chiron, are creating foundational knowledge for understanding the creation of our Solar System, as these objects have largely remained unchanged since the Solar System was formed, Pinilla-Alonso says.

"All the small bodies in the Solar System talk to us about how it was back in time, which is a period of time we can't really observe anymore," she says. "But active centaurs tell us much more. They are undergoing transformation driven by solar heating and they provide a unique opportunity to learn about the surface and subsurface layers."

Since Chiron possesses characteristics of both an asteroid and a comet, it makes it rich for studying many processes that could assist in understanding them, she says.




"What is unique about Chiron is that we can observe both the surface, where most of the ices can be found, and the coma, where we see gases that are originating from the surface or just below it," Pinilla-Alonso says. "TNOs don't have this kind of activity because they're too far and too cold. Asteroids don't have this kind of activity because they don't have ice on them. Comets, on the other hand, show activity like centaurs, but they are typically observed closer to the Sun, and their comas are so thick that they complicate the interpretations of observations of the ices on the surface. Discovering which gases are part of the coma and their different relationships with the ices on the surface help us learn the physical and chemical properties, such as the thickness and the porosity of the ice layer, its composition, and how irradiation is affecting it."

The discovery of these ices and gases on an object as distant as Chiron -- observed near its farthest point from the Sun -- is exciting because it could help contextualize other centaurs and provide insight into the earliest era of our Solar System, Schambeau says.

"These results are like nothing we've seen before," he says. "Detecting gas comae around objects as far away from the Sun as Chiron is very challenging, but JWST has made it accessible. These detections enhance our understanding of Chiron's interior composition and how that material produces the unique behaviors as we observe Chiron."

Schambeau specializes in studying centaurs, comets and other space objects. He analyzed the methane gas coma and determined that the outflowing gas detected was consistent with it being sourced from a surface area that was exposed to the most heating from the Sun.

Chiron, first discovered in 1977, is characterized much better than most centaurs and comparatively is unique, Schambeau says. The newly analyzed information helps scientists better understand the thermophysical process going on in Chiron that produces methane gas, he says.

"It's an oddball when compared to the majority of other Centaurs," Schambeau says. "It has periods where it behaves like a comet, it has rings of material around it, and potentially a debris field of small dust or rocky material orbiting around it. So, many questions arise about Chiron's properties that allow these unique behaviors."

The researchers concluded that the coexistence of the molecules in various states adds another layer of intrigue for studying comets and centaurs. The study also highlighted the presence of irradiated byproducts of methane, carbon monoxide and carbon dioxide that will require further research and could help scientists further reveal the unique processes producing Chiron's surface composition.




Chiron originated from the TNO region and has traveled around our Solar System since its creation, says Pinilla-Alonso. The orbits of Chiron and many other large non-planetary objects occasionally experience close encounters with one of the giant planets where the gravitational pull from the planet changes the smaller object's orbit, taking them all over our Solar System and exposing them to many different environments, she says.

"We know it has been ejected from the TNO population and is only now transiting through the region of the giant planets, where it will not stay for too long," Pinilla-Alonso says. "After about 1 million years, centaurs like Chiron typically are ejected from the giant planets region, where they may end their lives as Jupiter Family comets or they may return to the TNOs region."

Pinilla-Alonso notes that the JWST's spectra showed for the first time Chiron's plethora of ices with different volatilities and their formation processes, she says.

Some of these ices, such as methane, carbon dioxide, and water ice, may be primordial components of Chiron inherited from the pre-solar nebula. Others, such as acetylene, propane, ethane, and carbon oxide, could have formed on the surface because of reduction and oxidation processes, she says.

"Based on our new JWST data, I'm not so sure we have a standard centaur," Pinilla-Alonso says. "Every active centaur that we are observing with JWST shows some peculiarity. But they cannot be all outliers. There must be something that explains why they appear to all behave differently or something that is common between them all that we cannot yet see."

The analysis of Chiron's gases and ices opens new frontiers and opportunities for exciting research, she says.

"We're going to follow up with Chiron," Pinilla-Alonso says. "It will come closer to us, and if we can study it at nearer distances and get better reads on the quantities and nature of the ices, silicates, and organics, we will be able to better understand how seasonal insolation variations and different illumination patterns can affect its behavior and its ice reservoir."

The JWST is the world's premier space science observatory, and it 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. The JWST is an international collaboration led by NASA with its partners the European Space Agency and the Canadian Space Agency.

Researchers' Credentials

Pinilla-Alonso was a professor at FSI who joined UCF in 2015. Most of her work on this project was conducted while she was at UCF. Pinilla-Alonso also holds a joint appointment as a research professor in UCF's Department of Physics and has led numerous international observational campaigns in support of NASA missions, such as New Horizons, OSIRIS-REx and Lucy. Pinilla-Alonso is a distinguished professor at the Institute for Space Sciences and Technologies in Asturias, within the Universidad de Oviedo. She received her doctoral degree in astrophysics and planetary sciences from the Universidad de La Laguna in Spain.

Schambeau is an assistant scientist who received his doctoral degree in physics with a concentration in planetary sciences in 2018 from UCF. He subsequently joined FSI where he expanded upon his work examining comets and centaurs as part of UCF's Preeminent Postdoctoral Program.
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Survey of 26,000 dead stars confirms key details of extreme stellar behavior | ScienceDaily
A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.


						
The findings bring scientists one step closer to using these stellar objects as natural laboratories to probe the effects of extreme gravity and hunt for exotic dark matter particles. Details about the research, led by Johns Hopkins University, are published in The Astrophysical Journal.

"White dwarfs are one of the best characterized stars that we can work with to test these underlying theories of run-of-the-mill physics in hopes that maybe we can find something wacky pointing to new fundamental physics," said Nicole Crumpler, a Johns Hopkins University astrophysicist who led the work. "If you want to look for dark matter, quantum gravity, or other exotic things, you better understand normal physics. Otherwise, something that seems novel might be just a new manifestation of an effect that we already know."

White dwarfs are cores of stars that were once like our sun but that have exhausted all the hydrogen once used as nuclear fuel. These stripped-down stars are so dense that a teaspoon of their material weighs upward of a ton, far heavier than ordinary matter. With that mass packed so tightly, their gravitational pull can be hundreds of times stronger than Earth's.

The research relied on measurements of how those extreme conditions influenced light waves emitted by white dwarfs. Light traveling away from such massive objects loses energy in the process of escaping its gravity, gradually turning redder. This "redshift" effect stretches light waves like rubber in ways telescopes can measure. It results from the warping of spacetime caused by extreme gravity, as predicted by Einstein's theory of general relativity.

By averaging measurements of the white dwarfs' motions relative to Earth and grouping them according to their gravity and size, the team isolated gravitational redshift to measure how higher temperatures influence the volume of their gaseous outer layers.

The research continues efforts by the same Johns Hopkins group. Their 2020 survey of 3,000 white dwarfs confirmed the stars shrink as they gain mass because of "electron degeneracy pressure," a quantum mechanical process that keeps their dense cores stable over billions of years without the need for nuclear fusion, which typically supports our sun and other types of stars. Until now, the team did not have enough data to confidently confirm the subtler -- but important -- effect of higher temperatures on that mass-size relationship, Crumpler said.




The study combines observations from the Sloan Digital Sky Survey, which uses telescopes in Chile and New Mexico, and the European Space Agency's Gaia mission. Both projects are continuously mapping and tracking millions of stars, galaxies, and other cosmic objects.

"The next frontier could be detecting the extremely subtle differences in the chemical composition of the cores of white dwarfs of different masses," said Nadia Zakamska, a Johns Hopkins astrophysics professor who directed the research. "We don't fully understand the maximum mass a star can have to form a white dwarf, as opposed to a neutron star or a black hole. These increasingly high-precision measurements can help us test and refine theories about this and other poorly understood processes in massive star evolution."

The observations could also help attempts to spot signs of dark matter, such as axions or other hypothetical particles, Crumpler said. By providing a more detailed picture of white dwarf structures, the team could use this data to uncover the signal of a particular model of dark matter that results in an interference pattern in our galaxy. If two white dwarfs are within the same dark matter interference patch, then dark matter would change the structure of these stars in the same way, Crumpler said.

Even though dark matter has gravity, it does not emit light or energy that telescopes can see. Scientists know it makes up most of the matter in space because its gravity affects stars, galaxies, and other cosmic objects in ways similar to how the sun affects our planet's orbit.

"We've banged our heads against the wall trying to figure out what dark matter is, but I'd say we have jack diddly squat," Crumpler said. "We know a whole lot of what dark matter is not, and we have constraints on what it can and can't do, but we still don't know what it is. That's why understanding simpler astrophysical objects like white dwarf stars is so important, because they give hope of discovering what dark matter might be."

Other authors include Vedant Chandra and Priyanka Chakraborty of Center for Astrophysics | Harvard & Smithsonian; Gautham Adamane Pallathadka, Stefan Arseneau, and Stephen P. Schmidt of Johns Hopkins University; Nicola Gentile Fusillo of Universita degli Studi di Trieste; J.J. Hermes of Boston University; Carles Badenes of University of Pittsburgh; and Boris T. Gansicke of University of Warwick

This research was supported by the National Science Foundation Graduate Research Fellowship Program under Grant No. 679DGE2139757, a Peirce Fellowship from Harvard University, the Johns Hopkins President's Frontier Award, a seed grant from the JHU Institute for Data Intensive Engineering and Science, the Johns Hopkins Provost's Undergraduate Research Award, the Alfred P. Sloan Foundation, and the Heising-Simons Foundation.

Sloan Digital Sky Survey telescopes are located at Apache Point Observatory, funded by the Astrophysical Research Consortium and operated by New Mexico State University, and at Las Campanas Observatory, operated by the Carnegie Institution for Science. Funding for the European Space Agency's Gaia Data Processing Analysis Consortium has been provided by national institutions participating in the Gaia Multilateral Agreement.
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New recommendations to increase transparency and tackle potential bias in medical AI technologies | ScienceDaily
Patients will be better able to benefit from innovations in medical artificial intelligence (AI) if a new set of internationally-agreed recommendations are followed.


						
A new set of recommendations published in The Lancet Digital Health and NEJM AI aims to help improve the way datasets are used to build Artificial intelligence (AI) health technologies and reduce the risk of potential AI bias.

Innovative medical AI technologies may improve diagnosis and treatment for patients, however some studies have shown that medical AI can be biased, meaning that it works well for some people and not for others. This means some individuals and communities may be 'left behind', or may even be harmed when these technologies are used.

An international initiative called 'STANDING Together (STANdards for data Diversity, INclusivity and Generalisability)' has published recommendations as part of a research study involving more than 350 experts from 58 countries. These recommendations aim to ensure that medical AI can be safe and effective for everyone. They cover many factors which can contribute to AI bias, including:
    	Encouraging medical AI to be developed using appropriate healthcare datasets that properly represent everyone in society, including minoritised and underserved groups;
    	Helping anyone who publishes healthcare datasets to identify any biases or limitations in the data;
    	Enabling those developing medical AI technologies to assess whether a dataset is suitable for their purposes;.
    	Defining how AI technologies should be tested to identify if they are biased, and so work less well in certain people.

Dr Xiao Liu, Associate Professor of AI and Digital Health Technologies at the University of Birmingham and Chief Investigator of the study said:

"Data is like a mirror, providing a reflection of reality. And when distorted, data can magnify societal biases. But trying to fix the data to fix the problem is like wiping the mirror to remove a stain on your shirt.

"To create lasting change in health equity, we must focus on fixing the source, not just the reflection."

The STANDING Together recommendations aim to ensure that the datasets used to train and test medical AI systems represent the full diversity of the people that the technology will be used for. This is because AI systems often work less well for people who aren't properly represented in datasets. People who are in minority groups are particularly likely to be under-represented in datasets, so may be disproportionately affected by AI bias. Guidance is also given on how to identify those who may be harmed when medical AI systems are used, allowing this risk to be reduced.




STANDING Together is led by researchers at University Hospitals Birmingham NHS Foundation Trust, and the University of Birmingham, UK. The research has been conducted with collaborators from over 30 institutions worldwide, including universities, regulators (UK, US, Canada and Australia), patient groups and charities, and small and large health technology companies. The work has been funded by The Health Foundation and the NHS AI Lab, and supported by the National Institute for Health and Care Research (NIHR), the research partner of the NHS, public health and social care.

In addition to the recommendations themselves, a commentary published in Nature Medicine written by the STANDING Together patient representatives highlights the importance of public participation in shaping medical AI research.

Sir Jeremy Farrar, Chief Scientist of the World Health Organisation said:

"Ensuring we have diverse, accessible and representative datasets to support the responsible development and testing of AI is a global priority. The STANDING Together recommendations are a major step forward in ensuring equity for AI in health."

Dominic Cushnan, Deputy Director for AI at NHS England said:

"It is crucial that we have transparent and representative datasets to support the responsible and fair development and use of AI. The STANDING Together recommendations are highly timely as we leverage the exciting potential of AI tools and NHS AI Lab fully supports the adoption of their practice to mitigate AI bias.''

The recommendations have been published today (18th December 2024), and are available open access via The Lancet Digital Health.

These recommendations may be particularly helpful for regulatory agencies, health and care policy organisations, funding bodies, ethical review committees, universities, and government departments.
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Massive black hole in the early universe spotted taking a 'nap' after overeating | ScienceDaily
Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food.


						
Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

An international team of astronomers, led by the University of Cambridge, used the NASA/ESA/CSA James Webb Space Telescope to detect this black hole in the early universe, just 800 million years after the Big Bang.

The black hole is huge -- 400 million times the mass of our Sun -- making it one of the most massive black holes discovered by Webb at this point in the universe's development. The black hole is so enormous that it makes up roughly 40% of the total mass of its host galaxy: in comparison, most black holes in the local universe are roughly 0.1% of their host galaxy mass.

However, despite its gigantic size, this black hole is eating, or accreting, the gas it needs to grow at a very low rate -- about 100 times below its theoretical maximum limit -- making it essentially dormant.

Such an over-massive black hole so early in the universe, but one that isn't growing, challenges existing models of how black holes develop. However, the researchers say that the most likely scenario is that black holes go through short periods of ultra-fast growth, followed by long periods of dormancy. Their results are reported in the journal Nature.

When black holes are 'napping', they are far less luminous, making them more difficult to spot, even with highly-sensitive telescopes such as Webb. Black holes cannot be directly observed, but instead they are detected by the tell-tale glow of a swirling accretion disc, which forms near the black hole's edges. The gas in the accretion disc becomes extremely hot and starts to glow and radiate energy in the ultraviolet range.




"Even though this black hole is dormant, its enormous size made it possible for us to detect," said lead author Ignas Juodzbalis from Cambridge's Kavli Institute for Cosmology. "Its dormant state allowed us to learn about the mass of the host galaxy as well. The early universe managed to produce some absolute monsters, even in relatively tiny galaxies."

According to standard models, black holes form from the collapsed remnants of dead stars and accrete matter up to a predicted limit, known as the Eddington limit, where the pressure of radiation on matter overcomes the gravitational pull of the black hole. However, the sheer size of this black hole suggests that standard models may not adequately explain how these monsters form and grow.

"It's possible that black holes are 'born big', which could explain why Webb has spotted huge black holes in the early universe," said co-author Professor Roberto Maiolino, from the Kavli Institute and Cambridge's Cavendish Laboratory. "But another possibility is they go through periods of hyperactivity, followed by long periods of dormancy."

Working with colleagues from Italy, the Cambridge researchers conducted a range of computer simulations to model how this dormant black hole could have grown to such a massive size so early in the universe. They found that the most likely scenario is that black holes can exceed the Eddington limit for short periods, during which they grow very rapidly, followed by long periods of inactivity: the researchers say that black holes such as this one likely eat for five to ten million years, and sleep for about 100 million years.

"It sounds counterintuitive to explain a dormant black hole with periods of hyperactivity, but these short bursts allow it to grow quickly while spending most of its time napping," said Maiolino.

Because the periods of dormancy are much longer than the periods of ultra-fast growth, it is in these periods that astronomers are most likely to detect black holes. "This was the first result I had as part of my PhD, and it took me a little while to appreciate just how remarkable it was," said Juodzbalis. "It wasn't until I started speaking with my colleagues on the theoretical side of astronomy that I was able to see the true significance of this black hole."

Due to their low luminosities, dormant black holes are more challenging for astronomers to detect, but the researchers say this black hole is almost certainly the tip of a much larger iceberg, if black holes in the early universe spend most of their time in a dormant state.

"It's likely that the vast majority of black holes out there are in this dormant state -- I'm surprised we found this one, but I'm excited to think that there are so many more we could find," said Maiolino.

The observations were obtained as part of the JWST Advanced Deep Extragalactic Survey (JADES). The research was supported in part by the European Research Council and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles | ScienceDaily
Scientists in South Korea have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size.


						
The findings, published Wednesday, December 18 in the Cell Press journal Device, suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

"The high adaptability of microrobot swarms to their surroundings and high autonomy level in swarm control were surprising," says author Jeong Jae Wie of the Department of Organic and Nano Engineering at Hanyang University in Seoul, South Korea.

Wie and colleagues tested how well microrobot swarms with different assembly configurations performed at a variety of tasks. They found that swarms with high aspect ratio assembly could climb an obstacle five times higher than the body length of a single microrobot and hurl themselves, one by one, over an obstacle.

A large swarm of 1,000 microrobots with high packing density formed a raft that floated on water and wrapped itself around a pill that weighed 2,000 times more than each individual robot, enabling the swarm to transport the drug through the liquid.

On dry land, a robot swarm managed to transport cargo 350 times heavier than each individual, while another microrobot swarm was able to unclog tubes that resembled blocked blood vessels. Finally, through spinning and orbital dragging motions, Wie's team developed a system through which robot swarms could guide the motions of small organisms.

Scientists have become increasingly interested in studying how swarms of robots can collectively achieve goals, inspired by the way ants band together to bridge a gap in a path or huddle in the shape of a raft to survive floods. Similarly, working together makes robots more resistant to failure -- even if some members of the group fall short of the goal, the rest keep performing their programmed motions until enough of them eventually succeed.




"Previous swarm robotics research has focused on spherical robots, which come together through point-to-point contact," says Wie. In this study, the researchers designed a swarm made up of cube-shaped microrobots, which share stronger magnetic

attractions since larger surface areas -- entire faces of each cube -- can come into contact.

Each microrobot stands 600 micrometers tall and consists of an epoxy body embedded with particles of ferromagnetic neodymium-iron-boron (NdFeB), which enables it to respond to magnetic fields and interact with other microrobots. By powering the robots with a magnetic field generated by rotating two connected magnets, the swarm can self-assemble. The researchers programmed the robots to come together in different configurations by varying the angle at which the robots were magnetized.

"We developed a cost-effective mass production method using onsite replica molding and magnetization, ensuring uniform geometry and magnetization profiles for consistent performance," says Wie.

"While the study's results are promising, the swarms will need higher levels of autonomy before they will be ready for real-world applications," says Wie.

"The magnetic microrobot swarms require external magnetic control and lack the ability to autonomously navigate complex or confined spaces like real arteries," he says. "Future research will focus on enhancing the autonomy level of the microrobot swarms, such as real-time feedback control of their motions and trajectories."
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Engineers grow 'high-rise' 3D chips | ScienceDaily
The electronics industry is approaching a limit to the number of transistors that can be packed onto the surface of a computer chip. So, chip manufacturers are looking to build up rather than out.


						
Instead of squeezing ever-smaller transistors onto a single surface, the industry is aiming to stack multiple surfaces of transistors and semiconducting elements -- akin to turning a ranch house into a high-rise. Such multilayered chips could handle exponentially more data and carry out many more complex functions than today's electronics.

A significant hurdle, however, is the platform on which chips are built. Today, bulky silicon wafers serve as the main scaffold on which high-quality, single-crystalline semiconducting elements are grown. Any stackable chip would have to include thick silicon "flooring" as part of each layer, slowing down any communication between functional semiconducting layers.

Now, MIT engineers have found a way around this hurdle, with a multilayered chip design that doesn't require any silicon wafer substrates and works at temperatures low enough to preserve the underlying layer's circuitry.

In a study appearing in the journal Nature, the team reports using the new method to fabricate a multilayered chip with alternating layers of high-quality semiconducting material grown directly on top of each other.

The method enables engineers to build high-performance transistors and memory and logic elements on any random crystalline surface -- not just on the bulky crystal scaffold of silicon wafers. Without these thick silicon substrates, multiple semiconducting layers can be in more direct contact, leading to better and faster communication and computation between layers, the researchers say.

The researchers envision that the method could be used to build AI hardware, in the form of stacked chips for laptops or wearable devices, that would be as fast and powerful as today's supercomputers and could store huge amounts of data on par with physical data centers.




"This breakthrough opens up enormous potential for the semiconductor industry, allowing chips to be stacked without traditional limitations," says study author Jeehwan Kim, associate professor of mechanical engineering at MIT. "This could lead to orders-of-magnitude improvements in computing power for applications in AI, logic, and memory."

The study's MIT co-authors include first author Ki Seok Kim, Seunghwan Seo, Doyoon Lee, Jung-El Ryu, Jekyung Kim, Jun Min Suh, June-chul Shin, Min-Kyu Song, Jin Feng, and Sangho Lee, along with collaborators from Samsung Advanced Institute of Technology, Sungkyunkwan University in South Korea, and the University of Texas at Dallas.

Seed pockets

In 2023, Kim's group reported that they developed a method to grow high-quality semiconducting materials on amorphous surfaces, similar to the diverse topography of semiconducting circuitry on finished chips. The material that they grew was a type of 2D material known as transition-metal dichalcogenides, or TMDs, considered a promising successor to silicon for fabricating smaller, high-performance transistors. Such 2D materials can maintain their semiconducting properties even at scales as small as a single atom, whereas silicon's performance sharply degrades.

In their previous work, the team grew TMDs on silicon wafers with amorphous coatings, as well as over existing TMDs. To encourage atoms to arrange themselves into high-quality single-crystalline form, rather than in random, polycrystalline disorder, Kim and his colleagues first covered a silicon wafer in a very thin film, or "mask" of silicon dioxide, which they patterned with tiny openings, or pockets. They then flowed a gas of atoms over the mask and found that atoms settled into the pockets as "seeds." The pockets confined the seeds to grow in regular, single-crystalline patterns.

But at the time, the method only worked at around 900 degrees Celsius.




"You have to grow this single-crystalline material below 400 Celsius, otherwise the underlying circuitry is completely cooked and ruined," Kim says. "So, our homework was, we had to do a similar technique at temperatures lower than 400 Celsius. If we could do that, the impact would be substantial."

Building up

In their new work, Kim and his colleagues looked to fine-tune their method in order to grow single-crystalline 2D materials at temperatures low enough to preserve any underlying circuitry. They found a surprisingly simple solution in metallurgy -- the science and craft of metal production. When metallurgists pour molten metal into a mold, the liquid slowly "nucleates," or forms grains that grow and merge into a regularly patterned crystal that hardens into solid form. Metallurgists have found that this nucleation occurs most readily at the edges of a mold into which liquid metal is poured.

"It's known that nucleating at the edges requires less energy -- and heat," Kim says. "So we borrowed this concept from metallurgy to utilize for future AI hardware."

The team looked to grow single-crystalline TMDs on a silicon wafer that already has been fabricated with transistor circuitry. The team first covered the circuitry with a mask of silicon dioxide, just as in their previous work. They then deposited "seeds" of TMD at the edges of each of the mask's pockets and found that these edge seeds grew into single-crystalline material at temperatures as low as 380 degrees Celsius, compared to seeds that started growing in the center, away from the edges of each pocket, which required higher temperatures to form single-crystalline material.

Going a step further, the researchers used the new method to fabricate a multilayered chip with alternating layers of two different TMDs -- molybdenum disulfide, a promising material candidate for fabricating n-type transistors; and tungsten diselenide, a material that has potential for being made into p-type transistors. Both p- and n-type transistors are the electronic building blocks for carrying out any logic operation. The team was able to grow both materials in single-crystalline form, directly on top of each other, without requiring any intermediate silicon wafers. Kim says the method will effectively double the density of a chip's semiconducting elements, and particularly, metal-oxide semiconductor (CMOS), which is a basic building block of a modern logic circuitry.

"A product realized by our technique is not only a 3D logic chip but also 3D memory and their combinations," Kim says. "With our growth-based monolithic 3D method, you could grow tens to hundreds of logic and memory layers, right on top of each other, and they would be able to communicate very well."

"Conventional 3D chips have been fabricated with silicon wafers in-between, by drilling holes through the wafer -- a process which limits the number of stacked layers, vertical alignment resolution, and yields," first author Kiseok Kim adds. "Our growth-based method addresses all of those issues at once."

To commercialize their stackable chip design further, Kim has recently spun off a company, FS2 ( Future Semiconductor 2D materials).

"We so far show a concept at a small-scale device arrays," he says. "The next step is scaling up to show professional AI chip operation."

This research is supported in part by Samsung Advanced Institute of Technology and the Air Force Office of Scientific Research.
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A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age | ScienceDaily
Much about the Moon remains shrouded in mystery, including its age. Analyses of samples brought back from the lunar surface indicate our celestial sidekick could be about 4.35 billion years old, which means it came to be at about 200 million years after the formation of our solar system.


						
But that immense lag doesn't sit well with some scientists. During the solar system's early days, debris and planetary bodies collided and coalesced to form planets. By 200 million years, most of this chaotic debris had been swept up into larger bodies. Thus, many scientists who simulate the solar system's evolution see the idea of a massive collision forming the Moon this late as improbable.

In an "idea paper" published on December 18 in Nature, UC Santa Cruz Professor Francis Nimmo and his co-authors propose a possible explanation for this discrepancy: that the Moon underwent a "remelting" 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating. They say this remelting would have "reset" the age of the lunar rocks -- masking the Moon's true age with what could be likened to a volcanic facelift.

"We predict that there shouldn't be any lunar rocks that are older than 4.35 billion years because they should have experienced the same resetting," said Nimmo, a professor of Earth and planetary sciences. "Because this heating event was global, you shouldn't find rocks anywhere on the Moon that are significantly older than that."

Moon as microcosm for the cosmos

The Moon has fascinated humanity for millenia, and in the last few centuries, people started to wonder how -- and when -- the Moon formed. One of the reasons for sending astronauts to the Moon was to answer this question. The Moon also serves as a luminous stepping stone to comprehending more distant objects. But, if we can't nail down the age of the Moon, how can we be confident about the precise age of anything beyond it?

The Moon is thought to have been born from a collision between the early Earth and a Mars-sized protoplanet -- the last giant impact in our planet's history. The timing of this event has been estimated by dating lunar-rock samples presumed to have crystallized from the lunar magma ocean that existed post-impact, placing the Moon's age at about 4.35 billion years old.




However, this age fails to account for several discrepancies with thermal models and other pieces of evidence, such as the ages of some zircon minerals on the lunar surface, which suggest that the Moon could be up to 4.51 billion years old.

Nimmo and his colleagues hypothesize that a remelting event driven by the Moon's orbital evolution could account for the frequent occurrence of approximately 4.35-billion-year-old rocks -- such as those collected by the U.S. Apollo mission and others -- rather than the first solidification of the lunar magma ocean.

For their paper, the authors used modelling to show that the Moon may have experienced sufficient tidal heating to cause this remelting approximately 4.35 billion years ago, which could "reset" the apparent formation age of these lunar samples.

A misleading magma mask

Tidal heating is a process where the gravitational forces between two celestial bodies cause internal friction that leads to intense heating. For the Moon, this effect was likely more pronounced in its early history when it was closer to Earth. According to the latest models, during certain periods in its early years, the Moon's orbit would have been unstable, causing it to experience intense tidal forces from Earth that could have led to significant heating events, dramatically altering the Moon's geology.

The research team draws parallels between this hypothetical heating event on the Moon and the current volcanic activity observed on the Jupiter moon Io, which is known as the most volcanically active body in the solar system. Volcanic activity on Io is driven by tidal forces similar to what may have marked the Moon's early history, with widespread volcanic activity and the surface being constantly reshaped by eruptions.




The researchers also say the remelting of the Moon would explain why there are fewer lunar impact basins from early bombardments than might be expected, as they would have been erased during a heating event. The authors posit that this explanation would suggest the formation of the Moon occurred between 4.43 and 4.53 billion years ago, at the upper limit of previous age estimates.

Nimmo said the next stage of research will involve more complex simulations that refine our understanding of how tidal heating might have reset the Moon's geological clock. This, along with additional lunar samples from future missions, should shed more light on the Moon's true age.

That's why excitement surrounds the recent return of lunar samples by China's Chang'e 6 mission. These samples, collected from the far side of the Moon, will provide invaluable data for understanding the processes that shaped its history. Researchers are particularly eager to see whether these new samples support the idea of a global resetting event caused by tidal heating.

Nimmo's team also envisions more detailed modeling to further explore the effects of tidal heating on the Moon's geology. Although the initial models are promising, more complex and realistic simulations will be necessary to fully understand the scope of these heating events.

A New Era of Lunar Research

This paper not only offers a fresh perspective on the Moon's past, but also opens the door for more nuanced investigations into its formation and evolution. The interplay between geochemistry and simulation modeling is helping scientists to fill in the gaps of lunar history, with tidal heating emerging as a crucial mechanism for understanding the Moon's geological features.

"As more data becomes available -- particularly from ongoing and future lunar missions -- the understanding of the Moon's past will continue to evolve," Nimmo said. "We hope that our findings will spark further discussion and exploration, ultimately leading to a clearer picture of the Moon's place in the broader history of our solar system."
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Thorium film could replace crystals in atomic clocks of the near future | ScienceDaily
Atomic clocks that excite the nucleus of thorium-229 embedded in a transparent crystal when hit by a laser beam could yield the most accurate measurements ever of time and gravity, and even rewrite some of the fundamental laws of physics. Thorium-229-doped crystals are both scarce and radioactive. A thin film using a dry precursor of thorium-229 shows the same nuclear excitation as the crystal, but its low cost and radioactivity, and smaller size mean its production could be more easily scaled up to make smaller, less expensive, more portable atomic clocks.


						
This summer, UCLA physicists succeeded in getting the nucleus of a thorium-229 atom embedded in a transparent crystal to absorb and emit photons like the electrons in an atom do, ending decades of speculation about whether such a feat was possible. Raising the energy state of an atom's nucleus using a laser, or exciting it, would permit the development of the most accurate atomic clocks ever to exist and allow the most accurate measurements of time and gravity. Such an atomic clock could even rewrite some of the fundamental laws of physics.

But there's a catch: The thorium-229-doped crystals are both scarce and radioactive. In a new paper published in Nature, a team of UCLA chemists and physicists may have also solved that problem with the development of thin films made from a thorium-229 precursor that requires much less thorium-229 and is about as radioactive as a banana. Using these films, they showed the same laser-driven nuclear excitation necessary for a nuclear clock. Production of the film could be scaled up for use not only in nuclear clocks but other quantum optics applications.

Instead of embedding a pure thorium atom in a fluorine-based crystal, the new method uses a dry nitrate parent material of thorium-229 dissolved in ultrapure water and pipetted into a crucible. The addition of hydrogen fluoride yields a few micrograms of thorium-229 precipitate that is separated from the water and heated until it evaporates and condenses unevenly on transparent sapphire and magnesium fluoride surfaces.

Light from a vacuum ultraviolet laser system was directed at the targets, where it excited the nuclear state as reported in earlier UCLA research, and the subsequent photons emitted by the nucleus were collected.

"A key advantage to using a parent material -- thorium fluoride -- is that all the thorium nuclei are in the same local atomic environments and experience the same electric field at the nuclei," said co-author and Charles W. Clifford Jr. professor ofchemistry and biochemistry, and professor of materials science and engineering at UCLA, Anastassia Alexandrova. "This makes all thorium exhibit the same excitation energies, making for a stable and more accurate clock. In this way, the material is unique."

At the heart of every clock is an oscillator. The clock operates by defining time as how long it takes for the oscillator to undergo a certain number of oscillations. In a grandfather clock, a second may be defined as the time for the pendulum to go back and forth once; in the quartz oscillator of a wristwatch, it is typically about 32,0000 vibrations of the crystal.

In a thorium nuclear clock, a second is about 2,020,407,300,000,000 excitation and relaxation cycles of the nucleus. This higher tick rate can make the clock more precise, provided the tick rate is stable; if the tick rate changes, the clock will mismeasure time. The thin films described in this work provide a stable environment for the nucleus that is both easily constructed and has the potential to be harnessed to produce microfabricated devices. This could allow widespread use of nuclear clocks as it makes them cheaper and easier to produce.

Existing atomic clocks based on electrons are room-sized contraptions with vacuum chambers to trap atoms and equipment associated with cooling. A thorium-based nuclear clock would be much smaller, more robust, more portable and more accurate.

Above and beyond commercial applications, the new nuclear spectroscopy could pull back the curtain on some of the universe's biggest mysteries. Sensitive measurement of an atom's nucleus opens up a new way to learn about its properties and interactions with energy and the environment. This, in turn, will let scientists test some of their most fundamental ideas about matter, energy and the laws of space and time.
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Developing artificial intelligence tools for health care | ScienceDaily
Reinforcement Learning, an artificial intelligence approach, has the potential to guide physicians in designing sequential treatment strategies for better patient outcomes but requires significant improvements before it can be applied in clinical settings, finds a new study by Weill Cornell Medicine and Rockefeller University researchers.


						
Reinforcement Learning (RL) is a class of machine learning algorithms able to make a series of decisions over time. Responsible for recent AI advances, including superhuman performance at chess and Go, RL can use evolving patient conditions, test results and previous treatment responses to suggest the next best step in personalized patient care. This approach is particularly promising for decision making for managing chronic or psychiatric diseases.

The research, published in the Proceedings of the Conference on Neural Information Processing Systems (NeurIPS) and presented Dec. 13, introduces "Episodes of Care" (EpiCare), the first RL benchmark for health care.

"Benchmarks have driven improvement across machine learning applications including computer vision, natural language processing, speech recognition and self-driving cars. We hope they will now push RL progress in healthcare," said Dr. Logan Grosenick, assistant professor of neuroscience in psychiatry, who led the research.

RL agents refine their actions based on the feedback they receive, gradually learning a policy that enhances their decision-making. "However, our findings show that while current methods are promising, they are exceedingly data hungry," Dr. Grosenick adds.

The researchers first tested the performance of five state-of-the-art online RL models on EpiCare. All five beat a standard-of-care baseline, but only after training on thousands or tens of thousands of realistic simulated treatment episodes. In the real world, RL methods would never be trained directly on patients, so the investigators next evaluated five common "off-policy evaluation" (OPE) methods: popular approaches that aim to use historical data (such as from clinical trials) to circumvent the need for online data collection. Using EpiCare, they found that state-of-the-art OPE methods consistently failed to perform accurately for health care data.

"Our findings indicate that current state-of-the-art OPE methods cannot be trusted to accurately predict reinforcement learning performance in longitudinal health care scenarios," said first author Dr. Mason Hargrave, research fellow at The Rockefeller University. As OPE methods have been increasingly discussed for health care applications, this finding highlights the need for developing more accurate benchmarking tools, like EpiCare, to audit existing RL approaches and provide metrics for measuring improvement.




"We hope this work will facilitate more reliable assessment of reinforcement learning in health care settings and help accelerate the development of better RL algorithms and training protocols appropriate for medical applications," said Dr. Grosenick.

Adapting Convolutional Neural Networks to Interpret Graph Data

In a second NeurIPS publication presented on the same day, Dr. Grosenick shared his research on adapting convolutional neural networks (CNNs), which are widely used to process images, to work for more general graph-structured data such as brain, gene or protein networks. The broad success of CNNs for image recognition tasks during the early 2010s laid the groundwork for "deep learning" with CNNs and the modern era of neural-network-driven AI applications. CNNs are used in many applications, including facial recognition, self-driving cars and medical image analysis.

"We are often interested in analyzing neuroimaging data which are more like graphs, with vertices and edges, than like images. But we realized that there wasn't anything available that was truly equivalent to CNNs and deep CNNs for graph-structured data," said Dr. Grosenick.

Brain networks are typically represented as graphs where brain regions (represented as vertices) propagate information to other brain regions (vertices) along "edges" that connect and represent the strength between them. This is also true of gene and protein networks, human and animal behavioral data and of the geometry of chemical compounds like drugs. By analyzing such graphs directly, we can more accurately model dependencies and patterns between both local and more distant connections.

Isaac Osafo Nkansah, a research associate who was in the Grosenick lab at the time of the study and first author on the paper, helped develop the Quantized Graph Convolutional Networks (QuantNets) framework that generalizes CNNs to graphs. "We're now using it for modeling EEG (electrical brain activity) data in patients. We can have a net of 256 sensors over the scalp taking readings of neuronal activity -- that's a graph," said Dr. Grosenick. "We're taking those large graphs and reducing them down to more interpretable components to better understand how dynamic brain connectivity changes as patients undergo treatment for depression or obsessive-compulsive disorder."

The researchers foresee broad applicability for QuantNets. For instance, they are also looking to model graph-structured pose data to track behavior in mouse models and in human facial expressions extracted using computer vision.

"While we're still navigating the safety and complexity of applying cutting-edge AI methods to patient care, every step forward -- whether it's a new benchmarking framework or a more accurate model -- brings us incrementally closer to personalized treatment strategies that have the potential to profoundly improve patient health outcomes," concluded Dr. Grosenick.
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New virtual reality-tested system shows promise in aiding navigation of people with blindness or low vision | ScienceDaily
A new study offers hope for people who are blind or have low vision (pBLV) through an innovative navigation system that was tested using virtual reality. The system, which combines vibrational and sound feedback, aims to help users navigate complex real-world environments more safely and effectively.


						
The research from NYU Tandon School of Engineering, published in JMIR Rehabilitation and Assistive Technology, advances work from John-Ross Rizzo, Maurizio Porfiri and colleagues toward developing a first-of-its-kind wearable system to help pBLV navigate their surroundings independently.

"Traditional mobility aids have key limitations that we want to overcome," said Fabiana Sofia Ricci, the paper's lead author and a Ph.D. candidate in NYU Tandon Department of Biomedical Engineering (BME) and NYU Tandon's Center for Urban Science + Progress (CUSP). "White canes only detect objects through contact and miss obstacles outside their range, while guide dogs require extensive training and are costly. As a result, only 2 to 8 percent of visually impaired Americans use either aid."

In this study, the research team miniaturized the earlier haptic feedback of its backpack-based system into a discreet belt equipped with 10 precision vibration motors. The belt's electronic components, including a custom circuit board and microcontroller, fit into a simple waist bag, a crucial step toward making the technology practical for real-world use.

The system provides two types of sensory feedback: vibrations through the belt indicate obstacle location and proximity, while audio beeps through a headset become more frequent as users approach obstacles in their path.

"We want to reach a point where the technology we're building is light, largely unseen and has all the necessary performance required for efficient and safe navigation," said Rizzo, who is an associate professor in NYU Tandon's BME department, associate director of NYU WIRELESS, affiliated faculty at CUSP and associate professor in the Department of Rehabilitation Medicine at NYU Grossman School of Medicine.

"The goal is something you can wear with any type of clothing, so people are not bothered in any way by the technology."

The researchers tested the technology by recruiting 72 participants with normal vision, who wore Meta Quest 2 VR headsets and haptic feedback belts while walking around NYU's Media Commons at 370 Jay Street in Downtown Brooklyn, an empty room with only side curtains.




Through their headsets, the participants experienced a virtual subway station as someone with advanced glaucoma would see it -- with reduced peripheral vision, blurred details, and altered color perception. The environment, created with Unity gaming software to match the room's exact dimensions, allowed the team to determine how well participants could navigate using the belt's vibrations and audio feedback when their vision was impaired.

"We worked with mobility specialists and NYU Langone ophthalmologists to design the VR simulation to accurately recreate advanced glaucoma symptoms," says Porfiri, the paper's senior author, CUSP Director and an Institute Professor in NYU Tandon's Departments of BME and Mechanical and Aerospace Engineering. "Within this environment, we included common transit challenges that visually impaired people face daily -- broken elevators, construction zones, pedestrian traffic, and unexpected obstacles."

Results showed that haptic feedback significantly reduced collisions with obstacles, while audio cues helped users move more smoothly through space. Future studies will involve individuals with actual vision loss.

The technology complements the functionality of Commute Booster, a mobile app being developed by a Rizzo-led team to provide pBLV navigation guidance inside subway stations. Commute Booster "reads" station signage and tells users where to go, while the haptic belt could help those users avoid obstacles along the way.

In December 2023, the National Science Foundation (NSF) awarded Rizzo, Porfiri, and a team of NYU colleagues a $5 million grant via its Convergence Accelerator, a program whose mission includes supporting the development of assistive and rehabilitative technologies. That grant, along with others from NSF, funded this research and also supports Commute Booster's development. In addition to Ricci, Rizzo and Porfiri, Lorenzo Liguori and Eduardo Palermo are the paper's authors, both from the Department of Mechanical and Aerospace Engineering of Sapienza University of Rome, Italy.
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Nano drug delivery system heralds safer era for drug development | ScienceDaily
A team of University of Melbourne researchers from the Caruso Nanoengineering Group has created an innovative drug delivery system with outstanding potential to improve drug development.


						
The team has pioneered a drug delivery system that is a coordination network composed of only metal ions and biomolecules, known as metal-biomolecule network (MBN). This system eliminates the need for complicated drug 'carriers', making it potentially more useful in a range of applications.

The research has been published in Science Advances and was led by Melbourne Laureate Professor and NHMRC Leadership Fellow Frank Caruso, from the Department of Chemical Engineering in the Faculty of Engineering and Information Technology, with Research Fellows Dr Wanjun Xu and Dr Zhixing Lin joint first authors.

The MBN nanoparticles are formed by combining non-toxic metal ions (such as those absorbed through diet, like calcium or iron) with phosphonate biomolecules (such as DNA, which is the building block of life). The MBN nanoparticles are chemically and metabolically stable and have antiviral, antibacterial, antifungal, anti-inflammatory and anti-cancer properties.

Dr Zhixing said one of the most significant benefits of the MBN system will be potentially increased success in drug development, because it uses materials highly compatible with the human body and avoids the use of potentially toxic drug carrier systems.

"We have created functional metal[?]organic networks that can easily assemble biomolecule drugs for biomedical applications such as anti-cancer or anti-viral therapies, gene delivery, immunotherapy, biosensing, bioimaging or drug delivery," Dr Zhixing said.

A large number of drug carriers have been developed by scientists around the world, but many of these fail due to toxicity from materials that evoke an immune response.




"At present, the challenges of drug development and approval mean that only about one out of 10,000 drug compounds, on average, reaches market approval, with many others failing due to safety issues. Any additional, non-functional components in carriers can potentially increase toxicity," Dr Wanjun said.

The team had to overcome the challenge that 'free' biomolecular cargoes often cannot reach their target cells to achieve the required biological function. Over the two-year project, they were able to minimise the use of extra, non-functional components and create a simpler material system with greater potential for success, without compromising performance.

There are various strategies to ensure the MBN nanoparticles activate at the required location. For instance, in an acidic cancer environment, such as in tumours associated with breast cancer, where the tumour microenvironment is typically more acidic than surrounding tissues, the engineered nanoparticles could disassemble.

Professor Caruso said the MBNs are 'tuneable', which means they can be customised for various biomedical applications, with size, cargo, potential targeting, as well as other properties that can be engineered by selecting different biomolecules, metal ions and assembly conditions. "It provides a modular approach to construct multifunctional nanoparticles with diverse compositions."

"Our system provides insights into fundamental assembly mechanisms and will allow us to create a library of bioactive nanoparticles for biomedicine, as well as environmental science, where biological barriers to delivery also exist," Professor Caruso said.

The next phase of the team's research will focus on gaining a deeper understanding of the MBN system and trialling it to formulate advanced materials aimed at treating diseases.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241217201522.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How to print a car: High-performance multi-material 3D printing techniques | ScienceDaily
Researchers at Tohoku University's Institute for Materials Research and New Industry Creation Hatchery Center have made a breakthrough in a multi-material 3D printing technique, demonstrating the process for creating a lightweight yet durable automobile part.


						
The process of metal 3D printing involves building objects by depositing metals layer by layer, using heat to bind them together. The precision of 3D printing allows for the production of unique, highly customizable shapes that often create less wasteful byproducts than traditional manufacturing methods. "Multi-material structures" which strategically combine different materials for optimal performance of a component can also be created via 3D printing. For example, steel automobile parts can be made more lightweight by combining them with aluminum. Due to these benefits, mastering such 3D printing techniques is garnering considerable attention from researchers.

However, this technique does come with some challenges.

"Multi-materials are a hot topic in the field of additive manufacturing due to its process flexibility," explains Associate Professor Kenta Yamanaka (Tohoku University), "However, a major challenge in practical implementation is that for certain metal combinations, such as steel and aluminum, brittle intermetallic compounds can be formed at the dissimilar metal interfaces. So, while the material is now lighter, it ends up being more brittle."

The goal of this study was to produce a steel-aluminum alloy that was lightweight but did not compromise on strength. To do so, the research team used Laser Powder Bed Fusion (L-PBF), one of the primary metal 3D printing technologies that employs a laser to selectively melt metal powders. They discovered that increasing the scan speed of the laser significantly suppresses the formation of brittle intermetallic compounds (such as Al5Fe2 and Al13Fe4). They proposed that this higher scanning speed leads to something called non-equilibrium solidification, which minimizes solute partitioning that result in weak points in the material. The resulting product they created consequently demonstrated strong bonding interfaces.

"In other words, you can't just slap two metals together and expect them to stick without a plan," says Specially Appointed Assistant Professor Seungkyun Yim (Tohoku University),"We had to fully understand the in-situ alloying mechanism first."

Based on this achievement, they successfully prototyped the world's first full-scale automotive multi-material component (suspension tower) with a tailored geometry. The research group intends to apply these findings to other metal combinations where similar issues with bonding need improvement, which will allow for more broad applications.

The results were published in Additive Manufacturing on November 19, 2024.
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Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth | ScienceDaily
Microgravity is known to alter the muscles, bones, the immune system and cognition, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, Scripps Research scientists, in collaboration with the New York Stem Cell Foundation, sent tiny clumps of stem-cell derived brain cells called "organoids" to the International Space Station (ISS).


						
Surprisingly, the organoids were still healthy when they returned from orbit a month later, but the cells had matured faster compared to identical organoids grown on Earth -- they were closer to becoming adult neurons and were beginning to show signs of specialization. The results, which could shed light on potential neurological effects of space travel, were published on October 23, 2024, in Stem Cells Translational Medicine.

"The fact that these cells survived in space was a big surprise," says co-senior author Jeanne Loring, PhD, professor emeritus in the Department of Molecular Medicine and founding director of the Center for Regenerative Medicine at Scripps Research. "This lays the groundwork for future experiments in space, in which we can include other parts of the brain that are affected by neurodegenerative disease."

On Earth, the team used stem cells to create organoids consisting of either cortical or dopaminergic neurons, which are the neuronal populations impacted in multiple sclerosis and Parkinson's disease -- diseases that Loring has studied for decades. Some organoids also included microglia, a type of immune cell that is resident within the brain, to examine the impact of microgravity on inflammation.

Organoids are usually grown in a nutrient-rich liquid medium that must be changed regularly to ensure that the cells have adequate nutrition, and to remove waste products. To avoid the need for lab work on the ISS, the team pioneered a method for growing smaller-than-usual organoids in cryovials -- small, airtight vials that were originally designed for deep freezing.

The organoids were prepared in labs at the Kennedy Space Station and traveled to the ISS in a miniature incubator. After a month in orbit, they returned to Earth, where the team showed that they were healthy and intact.

To examine how the space environment impacts cellular functions, the team compared the cells' RNA expression patterns -- a measure of gene activity -- to identical "ground control" organoids that had remained on Earth. Surprisingly, they found that the organoids grown in microgravity had higher levels of genes associated with maturity and lower levels of genes associated with proliferation compared to the ground controls, meaning that the cells exposed to microgravity developed faster and replicated less than those on Earth.




"We discovered that in both types of organoids, the gene expression profile was characteristic of an older stage of development than the ones that were on ground," says Loring. "In microgravity, they developed faster, but it's really important to know these were not adult neurons, so this doesn't tell us anything about aging."

The team also noted that, contrary to their hypothesis, there was less inflammation and lower expression of stress-related genes in organoids grown in microgravity, but more research is needed to determine why.

Loring speculates that microgravity conditions may more closely mirror the conditions experienced by cells within the brain compared to organoids grown under conventional lab conditions and in the presence of gravity.

"The characteristics of microgravity are probably also at work in people's brains, because there's no convection in microgravity -- in other words, things don't move," says Loring. "I think that in space, these organoids are more like the brain because they're not getting flushed with a whole bunch of culture medium or oxygen. They're very independent; they form something like a brainlet, a microcosm of the brain."

The paper describes the team's first space mission, but since then, they have sent four more missions to the ISS. With each one, they've replicated the conditions from the first mission and added additional experiments.

"The next thing we plan to do is to study the part of the brain that's most affected by Alzheimer's disease," says Loring. "We also want to know whether there are differences in the way neurons connect with each other in space. With these kinds of studies, you can't rely on earlier work to predict what the result would be because there is no earlier work. We're on the ground floor, so to speak; in the sky, but on the ground floor."

This work was supported by funding from the National Stem Cell Foundation. 
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Physicists 'bootstrap' validity of string theory | ScienceDaily
String theory, conceptualized more than 50 years ago as a framework to explain the formation of matter, remains elusive as a "provable" phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its "inevitability."


						
String theory posits that the most basic building blocks of nature are not particles, but, rather, one-dimensional vibrating strings that move at different frequencies in determining the type of particle that emerges -- akin to how vibrations of string instruments produce an array of musical notes.

In their work, reported in the journal Physical Review Letters, New York University and Caltech researchers posed the following question: "What is the math question to which string theory is the only answer?" This approach to understanding physics is known as the "bootstrap," which is reminiscent of the adage about "pulling yourself up by your bootstraps" -- producing results without additional assistance or, in this case, input.

The bootstrap has previously allowed physicists to understand why general relativity and various particle theories -- like the interactions of gluons inside of protons -- are mathematically inevitable: they are the only consistent mathematical structures, under certain criteria.

However, the same question had not previously been answered for string theory: What criteria uniquely determine it by mathematically picking it out from the set of all possible theories?

In the Physical Review Letters paper, the scientists discovered a way to bootstrap these string amplitudes -- specifically, constructing them through the creation of mathematical formulas. By implementing special mathematical conditions on their formulas for scattering amplitudes -- which describe how particles interact and ultimately form -- the group found that the amplitudes of string theory emerged as the only consistent answer.

"This paper provides an answer to this string-theory question for the first time," says Grant Remmen, a James Arthur Postdoctoral Fellow in NYU's Center for Cosmology and Particle Physics and one of the authors of the paper. "Now that these mathematical conditions are known, it brings us a step closer to understanding if and why string theory must describe our universe."

The paper's authors, who also included Clifford Cheung, a professor of theoretical physics at Caltech, and Aaron Hillman, a Caltech postdoctoral researcher, add that this breakthrough may be useful in better understanding quantum gravity -- it seeks to reconcile Einstein's theory of relativity, which explains large-scale gravity, with quantum mechanics, which describes particle activity at the smallest scales.

"This approach opens a new area of study in analyzing the uniqueness of string amplitudes," explains Remmen. "The development of tools outlined in our research can be used to investigate deformations of string theory, allowing us to map a space of possibilities for quantum gravity."

This research was supported by a grant from the US Department of Energy (DESC0011632).
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World Cup soccer is getting faster for men and women alike | ScienceDaily
If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study published in the International Journal of Performance Analysis in Sport.


						
Professor Kevin Norton from the School of Health Sciences at UNSW Sydney analysed broadcast footage of 12 FIFA World Cup finals -- 2014-2022 for men and 1991-2023 for women -- to assess trends in the game.

Prof. Norton reviewed historical video footage with the support of computer-based tracking technology to track and quantify patterns, using what is called a retrospective correlation design. The study built on Prof. Norton's previous analysis of men's World Cup soccer finals games from 1966-2010, so ultimately took in the broadcast footage of 15 men's FIFA World Cup finals (1966-2022) and 9 women's finals (1991-2023) to quantify changes over time in specific metrics of finals games.

"The study confirms what football fans are likely to have observed, and that is that football is evolving for both the men's and women's game," says Prof. Norton.

"You can see that successful approaches stick around and unsuccessful attributes tend to disappear," says Prof. Norton, who is an expert in the evolution of elite sports performance.

"Looking at the World Cup finals was a way to see what is bringing the most success in terms of the evolution of soccer. And both the men's and women's game are on a similar trajectory, at a very similar rate," he says.

Games were analysed as halves to determine trends within games, and extra time (played if the scores are tied at the end of World Cup finals) was not included in this analysis.




The study looked at three broad categories: 1) game 'structure' using indicators such as the number and duration of play and stop periods, 2) distances and speed of ball movement and 3) passing rates relative to play time and overall ball movement.

The study found that total stoppage time, ball speed and passing rates increased significantly for both men and women, with ball speed increasing faster for women than men as speeds have converged over the last decades.

Game structure

By measuring play and stop patterns within games, the study found that total play times for men and women have remained unchanged over time (at around 50 minutes per game). However, total game stoppage time -- during which the clock stops -- has shown progressive increases.

Women's play percentage decreased significantly across time from an average of 65% to 55% of total game time to match current men's finals games play percentages. And the duration of stoppages has increased for both men and women.

"The increased stoppage time is likely allowing for an elevated intensity of play due to the opportunity for physiological recovery during stoppages," explains Prof. Norton.




Ball movement

The distance the ball travels during a game showed no significant change over time for men, but it increased for women. The speed of ball movement, however, has increased significantly in both men's and women's games. The study noted that the ball speed in women's games increased at a greater rate than in men's games as the women's ball speed continues to converge with the men's.

Passing rates

Passing rates continue to increase for both men and women as skills and accuracy further advance. Higher passing rates require superior decision-making skills, stealth movements and rapid ball control.

Key findings

"Speed is increasingly an advantage in football, which means all teams are looking to sign up faster players, and in turn they need to be skilful while moving fast. Players need to be able to control the ball almost instantaneously in a dense environment now, which is a change you can see over time," says Prof. Norton.

"The increased speed also means players need the ability to make decisions quickly, along with being accurate and fast in passing," he says.

Observing that success in the World Cup is linked with increased speed, and skill at speed, means teams are likely to focus their talent development on players with these attributes.

"Similarly, training and development will evolve to look at how to support the higher physical demands on players, by ensuring energy supply, and strategies to prevent fatigue and injury," says Prof. Norton.

"If these trends continue, pace, power, rapid decision-making and the ability to pass the ball precisely at high speed will become even more important," he says.

The women's game

This is the first study that has measured Women's World Cup soccer finals, and the evolution of the game has not been documented across this period.

"There has been significant underrepresentation of female athletes in sports science and medicine publications in most sports," says Prof. Norton.

"One of the interesting findings of this study is that both games are on the same trajectory. The professionalisation of women's soccer has meant women are playing full-time, and the speed and style of the game is now resembling the speed and style of the men's game, showing that the model is successful, otherwise the teams wouldn't continue on that pathway," he says.

Study limitations

The study is based on 15 men's games played over a 56-year period and 9 women's games over a 32-year period. And although the World Cup finals represent competition at the pinnacle of soccer performance, it may not be representative of soccer evolution in general. Games can also vary depending on contexts such as weather conditions, team strategies such as time wasting, refereeing style, score-line, injury and substitution use.

"Despite these game-to-game influences, we can observe an evolution of the game, and measure it to confirm statistically significant trends," says Prof. Norton.

The future

"Modern games are all about playing in very close, high-density environments where players need to think quickly to skillfully move the ball through that traffic. That's the way it's going, but can the game ultimately get faster?" asks Prof. Norton.

As the game evolves, the skills of stars like Lionel Messi and Sam Kerr will become a benchmark rather than an exception.

Another consequence of increased intensity is the toll it takes on players' bodies.

"Playing at such intensity every game takes its toll on the body and is associated with higher injury incidence. Managing players through appropriate training loads, recovery strategies and rehabilitation programs will become even more critical," says Prof. Norton

And on a final practical note, says Prof. Norton: "Players who can succeed at the pinnacle of sport are rare and finding them will involve searching every corner of the world ... and they will be remunerated accordingly."
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Significant advancement made in engineering biology and clean energy | ScienceDaily
The University of Liverpool has reported a significant advancement in engineering biology and clean energy. A team of researchers has developed an innovative light-driven hybrid nanoreactor that merges natural efficiency with cutting-edge synthetic precision to produce hydrogen -- a clean and sustainable energy source.


						
Published in ACS Catalysis, the study demonstrates a pioneering approach to artificial photocatalysis, addressing a critical challenge in using solar energy for fuel production. While nature's photosynthetic systems have evolved for optimal sunlight utilisation, artificial systems have struggled to achieve comparable performance.

The hybrid nanoreactor is the product of a novel integration of biological and synthetic materials. It combines recombinant a-carboxysome shells -- natural microcompartments from bacteria -- with a microporous organic semiconductor. These carboxysome shells protect sensitive hydrogenase enzymes, which are highly effective at producing hydrogen but prone to deactivation by oxygen. Encapsulating these enzymes ensures sustained activity and efficiency.

Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering at the University of Liverpool has worked in collaboration with Professor Andy Cooper, from the Department of Chemistry and Director of the University's Materials Innovation Factory (MIF). Together, their teams synthesised a microporous organic semiconductor that acts as a light-harvesting antenna. This semiconductor absorbs visible light and transfers the resulting excitons to the biocatalyst, driving hydrogen production.

Professor Luning Liu said: "By mimicking the intricate structures and functions of natural photosynthesis, we've created a hybrid nanoreactor that combines the broad light absorption and exciton generation efficiency of synthetic materials with the catalytic power of biological enzymes. This synergy enables the production of hydrogen using light as the sole energy source."

This latest work has significant implications and has the potential to eliminate the reliance on expensive precious metals like platinum -- offering a cost-effective alternative to traditional synthetic photocatalysts while achieving comparable efficiency. This breakthrough not only paves the way for sustainable hydrogen production but also holds potential for broader biotechnological applications.

Professor Andy Cooper, Director of the Materials Innovation Factory concluded: "It's been fantastic to collaborate across University faculties to deliver these results. The study's exciting findings open doors to fabricating biomimetic nanoreactors with wide-ranging applications in clean energy and enzymatic engineering, contributing to a carbon-neutral future."
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String figures shed light on cultural connections and the roots of mathematical reasoning | ScienceDaily
New research suggests that the making of string figures, a globally documented practice, may point to shared cultural heritage stretching back millennia. The research offers a new way to investigate the evolution and distribution of cultural phenomena using mathematical methods.


						
A collaborative study between the University of Helsinki, Aarhus University, the National Museum of Denmark and Seattle University examined the cognitive, cultural and historical significance of traditional string figures. String figure games involve the manipulation of a loop of string with the fingers to create complex patterns. The study explored whether certain string figures evolved independently in different parts of the world or share a common ancestry.

The researchers analysed 826 string figures from 92 cultures around the world. They found 83 recurring designs. The results show that certain figures are globally prevalent. In certain cases, this suggests ancient cultural origins potentially extending back millennia.

"Strikingly similar string figuress appear in, for example, the North American Arctic cultures or in the Pacific region. These are examples of how people have transmitted traditional string figures through migration and contact over centuries or even millennia. We also noted that some figures appear only in restricted regions, which may indicate both isolation and local innovation," explains Postdoctoral Researcher Roope Kaaronen of the Faculty of Biological and Environmental Sciences.

Combinations of arts, crafts, play, storytelling and mathematical reasoning

String figures are a tangible example of cultural artifacts that combine art, crafts, play, storytelling and mathematical reasoning. Such traditions shared across humanity may help in understanding human creativity, cognitive evolution and the origins of mathematical thinking.

"String figures demonstrate the human drive to seek and develop cognitively challenging forms of entertainment, such as more recent games like chess or sudoku," says Kaaronen.




A 'family tree' of string figures

The researchers applied mathematical knot theory to develop a computational method to create a DNA-like symbolic representation of each string figure. This enables the cross-cultural comparison of string figures and the construction of their "family tree."

The method also enables the study of the evolution of numerous other early human technologies, which may help archaeologists and anthropologists investigate cultural heritage in a novel way.

"The analysis methods we developed can be extended to the quantitative study and cross-cultural comparison of other objects made of string, cord, thread or rope, such as knots, fishing nets and textiles. Digital methods and computational tools allow us to preserve and understand this cultural heritage better and to ensure its transmission to future generations," summarises Kaaronen.
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Physics: Current generated by the quantum Hall effect has additional magnetic properties | ScienceDaily
The quantum Hall effect, a fundamental effect in quantum mechanics, not only generates an electric but also a magnetic current. It arises from the motion of electrons on an orbit around the nuclei of atoms. This has been demonstrated by the calculations of a team from Martin Luther University Halle-Wittenberg (MLU) which were published in the journal "Physical Review Letters."  These results can potentially be used to develop new types of inexpensive and energy-efficient devices.


						
Electricity flows through all types of electronic devices, be it mobile phones or computers. However, this generates heat, which means that energy is lost. It also means that conventional computer chips cannot be infinitely scaled down. In the field of spin-orbitronics, researchers are looking for alternatives for storing and processing information without the loss of energy. The basic idea is to utilise not only an electron's charge, but also its spin and orbital moment when processing information. Spin is the intrinsic angular momentum of an electron, and the orbital moment arises from the motion of the electrons around atomic nuclei. "Combining both effects would allow us to design new devices that are more powerful and efficient," says physicist Professor Ingrid Mertig at MLU.

The basis for the new study is the quantum Hall effect. Klaus von Klitzing received the Nobel Prize in Physics in 1985 for its detection. The effect is observed when electrons are subjected to a very strong magnetic field at extremely low temperatures. "The quantum Hall effect is special because the electric currents that are generated only flow at the edges of a sample. Furthermore, the associated electrical resistance can only take on specific values," explains Dr Borge Gobel. Even though scientists have been aware of the effect for several decades, the team's calculations have provided a new insight: the edge currents also have magnetic properties due to the orbital moment of the electrons. "In the future, they could be used to transport additional information and to operate electrical devices more efficiently," says Gobel. Remarkably, the new effect occurs in addition to the quantum Hall effect and is not tied to rare and expensive materials, as is often the case in spintronics.

Gobel and Mertig are already continuing their research as part of the international research project "Orbital Engineering for Innovative Electronics" (Obelix), which is funded by the European Innovation Council's "Pathfinder" programme. The goal is to find new, marketable technologies. To this end, Mertig and Gobel are collaborating with research institutions in Germany, France and Sweden.

Mertig and Gobel are also contributing their expertise in the field of spin-orbitronics by participating in the planned "Center for Chiral Electronics" for which MLU is applying for Excellence Strategy funding together with the Freie Universitat Berlin and the University of Regensburg. The Max Planck Institute of Microstructure Physics in Halle is also involved.
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The physics of random stacking: Perspectives on stability and chaos | ScienceDaily
Pile up blocks until the tower collapses. But why does the tower always end up collapsing? Is it possible that it can be built ad infinitum? A study published in the International Journal of Solids and Structures explores the fascinating and complex dynamics of the stacking of blocks subjected to hazards. Carried out by Vincent Denoel, an engineer at the University of Liege, this research looks at the stochastic stability of stacks, providing crucial insights for engineering, construction and materials science.


						
Imagine a tower of kaplas with each block slightly out of alignment. As the tower rises, the misalignment increases until an inevitable breaking point is reached, a situation familiar to all kapla fans. This simple phenomenon, which echoes the games of our childhood, raises a question of stability: how high can the blocks be stacked before the structure collapses? Vincent Denoel, an engineer in the SSD (Structural & Stochastic Dynamics) laboratory at the University of Liege, set out to gain a better understanding of these failures in order to develop a statistical model that could accurately predict the critical height and failure points by looking at a random stacking of blocks in a configuration where each block is slightly misaligned. So how do small positioning errors when stacking blocks influence the overall stability of the stack?

Modelled as Gaussian random variables, these errors lead to progressive misalignments that inevitably lead to collapse," explains the researcher. This problem goes beyond the simple child's game of stacking objects; it is a scientific challenge with major implications. From the construction of dry masonry walls to the optimisation of automated storage systems, understanding the probabilistic nature of these collapses can improve safety and efficiency in a variety of fields."

Vincent Denoel has modelled this as a 'first-pass problem', a probabilistic approach to analysing the conditions leading to system failure. "As blocks are added, random misalignments gradually modify the stack's centre of gravity. When this exceeds a critical limit, the stack collapses." This approach revealed two main areas of vulnerability: the base of the stack, where cumulative errors become unsustainable, and an intermediate zone, where hidden instabilities accumulate insidiously.

The maximum height of a pile before it collapses is inversely proportional to the square of the amplitude of the positioning errors. Thus, small errors allow much greater heights to be reached, while larger errors lead to rapid collapse. Monte Carlo simulations, used to validate the theoretical model, were used to visualise the behaviour of the piles. These simulations confirmed the bimodal nature of the failure points, for a given drop height, and highlighted the distribution of weak interfaces within the piles.

This research is not limited to abstract modelling. It has many practical applications. In construction, for example, the results may help to design more stable structures, even in the presence of small imperfections. In automated warehouses, where precise stacking of goods is essential, the probabilistic models resulting from this study could reduce the risk of collapse. Furthermore, in emerging fields such as nanotechnology, where precision is crucial, this study could inspire new strategies for optimising the arrangement of layers of material deposited on a microscopic scale.

Beyond its practical implications, this study illustrates how an apparently trivial question can lead to fundamental discoveries. By combining tools from mechanics, system dynamics and probability theory, the research opens up new perspectives on the interactions between randomness and stability. It also highlights a universal lesson: unpredictability, when properly understood, can be harnessed to produce more robust systems.

This study sheds new light on the stability of random structures. It not only provides tools to predict and prevent collapse, but also shows how imperfect systems can be optimised through a better understanding of their intrinsic dynamics. This work provides a bridge between scientific curiosity and practical application, demonstrating once again that even seemingly simple questions can lead to major breakthroughs.
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Event Horizon Telescope: Moving towards a close-up of a black hole and its jets | ScienceDaily
After taking the first images of black holes, the ground-breaking Event Horizon Telescope (EHT) is poised to reveal how black holes launch powerful jets into space. Now, a research team led by Anne-Kathrin Baczko from Chalmers University of Technology in Sweden has shown that the EHT will be able to make exciting images of a supermassive black hole and its jets in the galaxy NGC 1052. The measurements, made with interconnected radio telescopes, also confirm strong magnetic fields close to the black hole's edge.


						
The main research question for the project's scientists was how do supermassive black holes launch galaxy-size streams of high-energy particles -- known as jets -- into space at almost light-speed? Now, scientists have taken an important step towards being able to answer this question, with intricate measurements of the centre of the galaxy NGC 1052, at a distance of 60 million light years from Earth.

The scientists made coordinated measurements using several radio telescopes, providing new insights into the workings of a galaxy and its supermassive black hole. The results are reported in a paper published in the scientific journal Astronomy & Astrophysics on 17 December 2024.

A promising yet challenging target 

The work has been led by Anne-Kathrin Baczko, astronomer at Onsala Space Observatory, Chalmers University of Technology.

"The centre of this galaxy, NGC 1052, is a promising target for imaging with the Event Horizon Telescope, but it's faint, complex and more challenging than all other sources we've attempted so far," says Anne-Kathrin Baczko.

The galaxy has a supermassive black hole that is the source of two powerful jets which stretch thousands of light years outwards through space.




"We want to investigate not just the black hole itself, but also the origins of the jets which stream out from the east and west sides of the black hole as seen from Earth," says Eduardo Ros, team member and astronomer at the Max Planck Institute for Radio Astronomy in Bonn, Germany.

The team made measurements using just five of the telescopes in the EHT's global network -- including ALMA (the Atacama Large Millimeter/submillimeter Array) in Chile, in a configuration that would allow the best possible estimate of its potential for future observations, and supplemented with measurements from other telescopes.

"For such a faint and unknown target, we were not sure if we would get any data at all. But the strategy worked, thanks in particular to the sensitivity of ALMA and complementary data from many other telescopes," says Anne-Kathrin Baczko.

Measurements show successful imaging possible in the future 
    	The scientists are now convinced that successful imaging will be possible in the future, thanks to two new key pieces of information: The black hole's surroundings shine brightly at just the right frequency of radio waves to be sure that they can be measured by the EHT.

    	The size of the region where the jets are formed is similar in size to the ring of M 87* -- easily big enough to be imaged with the EHT at full strength.

From their measurements, the scientists have also estimated the strength of the magnetic field close to the black hole's event horizon. The field strength, 2.6 tesla, is about 40,000 times stronger than the Earth's magnetic field. That's consistent with previous estimates for this galaxy.

"This is such a powerful magnetic field that we think it can probably stop material from falling into the black hole. That in turn can help to launch the galaxy's two jets," says Matthias Kadler.




Even though the source is as challenging as this, the future looks bright as radio astronomers prepare for new generations of telescope networks, like the NRAO's ngVLA (next generation Very Large Array) and the ngEHT (The next generation Event Horizon Telescope).

"Our measurements give us a clearer idea of how the innermost centre of the galaxy shines at different wavelengths. Its spectrum is bright at wavelengths around one millimetre, where we can make the very sharpest images today. It's even brighter at slightly longer wavelengths, which makes it a prime target for the next generation of radio telescopes," says team member Matthias Kadler, astronomer at the University of Wurzburg in Germany.

More about the research 

The research paper, The putative center in NGC 1052, by Anne-Kathrin Baczko (Chalmers University of Technolgy, Sweden) and 286 co-authors, is published in the journal Astronomy & Astrophysics. The research team also includes Chalmers scientists John Conway and Michael Lindqvist (both Onsala Space Observatory) and Chiara Ceccobello (now at AI Sweden).

The measurements were made by five telescopes in the EHT network: ALMA (the Atacama Large Millimeter/submillimeter Array) in Chile, the IRAM 30-metre telescope in Spain; the James Clerk Maxwell Telescope (JCMT) and the Submillimeter Array (SMA) in Hawaii; and the South Pole Telescope (SPT) in Antarctica. These were supplemented with measurements from 14 other radio telescopes in the GMVA network (Global Millimetre VLBI Array), in Spain, Finland and Germany, including the 20-metre telescope at Onsala Space Observatory, Sweden, and the telescopes of the VLBA (Very Long Baseline Array) in the US.

The EHT Collaboration involves more than 400 researchers from Africa, Asia, Europe, North and South America. The international collaboration aims to capture the most detailed black hole images ever obtained by creating a virtual Earth-sized telescope.
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Travelers weigh in on weight-based airfares for eco-friendly skies | ScienceDaily
The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study out of the University of New Hampshire looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the environment.


						
"We wanted to explore how air travel could be made more sustainable, especially considering the weight we carry -- both personal weight and baggage that often travels back and forth," said Markus Schuckert, professor of hospitality management. "We wondered if reducing weight overall could contribute to more eco-friendly air travel and began questioning whether passengers might accept pricing that reflects this."

In their study, recently published in the journal of Transportation Research Part A: Policy and Practice, researchers surveyed over 1,000 U.S. air travelers to gauge their view on three potential fare policies that provided a more sustainable flying option. The heavier the aircraft, the more jet fuel it burns and the more carbon emissions are produced so they devised a tier approach -- a standard policy where all passengers pay a uniform price; a threshold policy where passengers exceeding a certain weight pay additional fees; and a unit-of-body-weight policy where each passenger's airfare is based on their combined body and baggage weight.

The standard policy was the most accepted approach across all demographics, with more than half of respondents rating it as the most ethical option. Nearly 60% of participants voiced concerns about weight-based policies, citing potential fairness issues and the risk of discrimination, especially around factors like nutrition, income and accessibility which often influence body weight.

Those who were more in favor of weight-based policies tended to be younger with those ages 18-35 accepting weight-based pricing almost 20 percentage points more than travelers who were 66 and older. Additionally, travelers with higher incomes or frequent flyer status were 25% more likely to support weight-based policies than those in lower income brackets or who didn't travel as much.

The idea of weight-based pricing touches on some key concerns for airlines -- specifically, the balance between environmental impact and customer privacy. This concept can be polarizing and has yet to gain traction with most airlines due to ethical concerns.

Researchers say the study isn't meant to be an endorsement of such policies, it just makes sense from a research perspective to investigate whether the idea offers a pathway to reduce emissions for a more sustainable air travel -- and if passengers would accept these changes.

"This topic has been widely discussed for decades, but there's surprisingly little research on it," said Schuckert. "Some airlines have tried or considered weight-based policies, but the main roadblock remains ethical concerns, which make it difficult to even discuss. But if we aim to make air travel more sustainable, we should have an open discussion. That's really the point of research -- to put everything on the table for consideration."

Researchers say future studies could look at alternative ways to incentivize lighter travel or new approaches to sustainability that avoid discrimination and support both environmental and social responsibility.

Co- authors include Lorenzo Masiero and Judit Zoltan, both from the University of Bologna, Italy; Denis Tolkach, James Cook University, Australia; Stephen Pratt, University of Central Florida; Matias Thuen Jorgensen, Roskilde University, Denmark; and Kaye Chon, The Hong Kong Polytechnic University.
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New discovery by scientists redefines magnetism | ScienceDaily
Step into a hidden world so small it's almost unimaginable -- the nanoscale. Imagine a single strand of hair and shrink it a million times, and you're there. Here, atoms and molecules are master builders, creating new properties yet to be discovered -- until now.


						
Researchers Deepak Singh and Carsten Ullrich from the University of Missouri's College of Arts and Science, along with their teams of students and postdoctoral fellows, recently made a groundbreaking discovery on the nanoscale: a new type of quasiparticle found in all magnetic materials, no matter their strength or temperature.

These new properties shake up what researchers previously knew about magnetism, showing it's not as static as once believed.

"We've all seen the bubbles that form in sparkling water or other carbonated drink products," said Ullrich, Curators' Distinguished Professor of Physics and Astronomy. "The quasiparticles are like those bubbles, and we found they can freely move around at remarkably fast speeds."

This discovery could help the development of a new generation of electronics that are faster, smarter and more energy efficient. But first, scientists need to determine how this finding could work into those processes.

One scientific field that could directly benefit from the researchers' discovery is spintronics, or "spin electronics." While traditional electronics use the electrical charge of electrons to store and process information, spintronics uses the natural spin of electrons -- a property that is intrinsically linked to the quantum nature of electrons, Ullrich said.

For instance, a cell phone battery could last for hundreds of hours on one charge when powered by spintronics, said Singh, an associate professor of physics and astronomy who specializes in spintronics.




"The spin nature of these electrons is responsible for the magnetic phenomena," Singh said. "Electrons have two properties: a charge and a spin. So, instead of using the conventional charge, we use the rotational, or spinning, property. It's more efficient because the spin dissipates much less energy than the charge."

Singh's team, including former graduate student Jiason Guo, handled the experiments, using Singh's years of expertise with magnetic materials to refine their properties. Ullrich's team, with postdoctoral researcher Daniel Hill, analyzed Singh's results and created models to explain the unique behavior they were observing under powerful spectrometers located at Oak Ridge National Laboratory.

The current study builds on the team's earlier study, published in Nature Communications, where they first reported this dynamic behavior on the nanoscale level.

"Emergent topological quasiparticle kinetics in constricted nanomagnets," was published in Physical Review Research, a journal of the American Physical Society. This work was supported by grants from the U.S. Department of Energy Office of Science, Basic Energy Sciences (DE-SC0014461 and DE-SC0019109). The content is solely the responsibility of the authors and does not necessarily represent the official views of the funding agency.

Guo, who is now a postdoctoral fellow at Oak Ridge National Laboratory, and Hill are the first and second authors on the study. The Mizzou researchers were joined by Valeria Lauter, Laura Stingaciu and Piotr Zolnierczuk, scientists at Oak Ridge.
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Hyperspectral imaging lidar system achieves remote plastic identification | ScienceDaily
Researchers have developed a new hyperspectral Raman imaging lidar system that can remotely detect and identify various types of plastics. This technology could help address the critical issue of plastic pollution in the ocean by providing better tools for monitoring and analysis.


						
"Plastic pollution poses a serious threat to marine ecosystems and human livelihoods, affecting industries like fisheries, tourism and shipping," said research team leader Toshihiro Somekawa from the Institute for Laser Technology in Japan."To manage and protect the marine environment, it's essential to assess the size, concentration and distribution of plastic debris, but traditional lab-based methods are often time-consuming, labor-intensive and expensive."

In the Optica Publishing Group journal Optics Letters, the researchers describe their new system, which is compact and optimized for low energy consumption, making it suitable for use aboard a drone. They show that the system can identify plastics that are 6 meters away with a relatively wide field of view of 1 mm x 150 mm.

"A drone equipped with our lidar sensor could be used to assess marine plastic debris on land or in the sea, paving the way for more targeted cleanup and prevention efforts," said Somekawa. "The system could also be used for other monitoring applications, such as detecting hazardous gas leaks."

Achieving remote detection

The researchers previously demonstrated a monitoring system based on a flash Raman lidar technique in which bandpass filters were matched to each measurement target for detection in a successive manner. This technique, however, isn't practical for detecting marine plastics because switching the filters would hinder instantaneous 3D ranging and detection.

Other research groups have explored using hyperspectral Raman imaging to monitor plastic pollution. This technique combines Raman spectroscopy with imaging to capture spatially resolved chemical information across a sample, producing detailed maps of molecular composition and structure. However, conventional hyperspectral Raman imaging can only detect targets that are close to the instrument.




For remote detection, the researchers combined lidar for distance measurement with hyperspectral Raman spectroscopy. They did this by building a prototype systemthatincluded a pulsed 532- nm green laser for lidar measurements and a 2D imaging spectrometer equipped with a gated intensified CCD (ICCD). The Raman signal backscattered from a distant target was detected as a vertical line, and the hyperspectral information contained in each point recorded horizontally. Using an ICCD camera that can be gated on a nanosecond time scale was essential for achieving the Raman lidar measurement with fine range resolutions.

Range-resolved Raman imaging

"We designed our system to acquire images and spectroscopic measurements simultaneously," said Somekawa. "Since the Raman spectrum is unique for each plastic type, the imaging information can be used to understand the spatial distribution and type of plastic debris and hyperspectral information can be obtained from targets at any distance due to the pulsed laser enabling range-resolved measurements."

The researchers tested their prototype system on a plastic sample consisting of a polyethylene sheet in the upper position and a polypropylene sheet in the lower position. From 6 meters away, the system was able to acquire the characteristic spectra of each plastic and produce images showing the vertical distribution of the plastics. The researchers say that the imaging pixel size of 0.29 millimeters with the ICCD camera at the stand-off distance of 6 meters implies that small plastic debris could be measured and analyzed using the hyperspectral Raman imaging lidar system.

Next, the researchers plan to use their system to monitor microplastics that are floating or submerged in water. This should be feasible since laser light around 532 nm transmits effectively through water, enabling better detection in aquatic environments.
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Being digitally hyperconnected causes 'techno-strain' for employees | ScienceDaily
A new study has shown that employees are experiencing mental and physical techno-strain due to being 'hyperconnected' to digital technology making it difficult for people to switch off from work.


						
Researchers from the University of Nottingham's Schools of Psychology and Medicine conducted detailed interviews with employees from a range of professions and found that the cognitive and affective effort associated with constant connectivity and high work pace driven by the digital workplace is detrimental to employee wellbeing. The results have been published today in Frontiers in Organizational Psychology.

This new paper is the final part of a research project exploring the 'dark side effects' of digital working which include stress, overload, anxiety and fear of missing out. The results highlight an overarching theme of 'digital workplace technology intensity' as a result of digital workplace job demands.

The findings in this latest paper indicate a sense of burden associated with working digitally which surfaced for most participants in perceptions of overload and feelings of being overwhelmed by the proliferation of messages, applications and meetings in the digital workplace. Fear of missing out on important information and contact with colleagues also contributed to stress and strain for digital workers, as did hassles encountered when using digital technologies.

Elizabeth Marsh, ESRC PhD student from the School of Psychology led the qualitative study and said: "Digital workplaces benefit both organisations and employees, for example by enabling collaborative and flexible work. However, what we have found in our research is that there is a potential dark side to digital working, where employees can feel fatigue and strain due to being overburdened by the demands and intensity of the digital work environment. A sense of pressure to be constantly connected and keeping up with messages can make it hard to

psychologically detach from work."

Fourteen employees were interviewed in detail and asked about their perceptions and experiences of digital workplace job demands and impacts to their health. In the analysis, the researchers explore potential underlying psychological, technological and organisational factors that may influence ways in which employees experience the digital workplace job demands.




Participants' dark side experiences were particularly shaped by a pervasive and constant state of connectivity in the digital workplace, termed "hyperconnectivity." These experiences contributed to a sense of pressure to be available and the erosion of work-life boundaries. The evidence also indicates that this hyperconnectivity has become the norm among workers post-pandemic.

Comments from interviewees included: 

"[It's] just more difficult to leave it behind when it's all online and you can kind of jump on and do work at any time of the day or night." 

"You kind of feel like you have to be there all the time. You have to be a little green light."

"It's that pressure to respond [...] I've received an e-mail, I've gotta do this quickly because if not, someone might think "What is she doing from home?"

Elizabeth adds: "The findings underline the need for both researchers and professionals to identify, understand and mitigate the digital workplace job demands to protect the well-being of digital workers."

The research makes practical suggestions for employers which include helping workers improve their digital skills and empowering them to manage boundaries in the digital workplace. The findings could also be used by technology departments to consider how to improve usability and accessibility of the digital workplace, as well as reining in the proliferation of applications. Understanding employees' needs and preferences for digital working is important to inform such work.

Dr Alexa Spence, Professor of Psychology adds: "This research extends the Job Demands-Resources literature by clarifying digital workplace job demands including hyperconnectivity and overload. It also contributes a novel construct of digital workplace technology intensity which adds new insight on the causes of technostress in the digital workplace. In doing so, it highlights the potential health impacts, both mental and physical, of digital work."

The research was funded by ESRC-MGS (Economic and Social Research Council -- Midland Graduate School).
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Binary star found near our galaxy's supermassive black hole | ScienceDaily
An international team of researchers has detected a binary star orbiting close to Sagittarius A*, the supermassive black hole at the centre of our galaxy. It is the first time a stellar pair has been found in the vicinity of a supermassive black hole. The discovery, based on data collected by the European Southern Observatory's Very Large Telescope (ESO's VLT), helps us understand how stars survive in environments with extreme gravity, and could pave the way for the detection of planets close to Sagittarius A*.


						
"Black holes are not as destructive as we thought," says Florian Peissker, a researcher at the University of Cologne, Germany, and lead author of the study published today in Nature Communications. Binary stars, pairs of stars orbiting each other, are very common in the Universe, but they had never before been found near a supermassive black hole, where the intense gravity can make stellar systems unstable.

This new discovery shows that some binaries can briefly thrive, even under destructive conditions. D9, as the newly discovered binary star is called, was detected just in time: it is estimated to be only 2.7 million years old, and the strong gravitational force of the nearby black hole will probably cause it to merge into a single star within just one million years, a very narrow timespan for such a young system.

"This provides only a brief window on cosmic timescales to observe such a binary system -- and we succeeded!" explains co-author Emma Bordier, a researcher also at the University of Cologne and a former student at ESO.

For many years, scientists also thought that the extreme environment near a supermassive black hole prevented new stars from forming there. Several young stars found in close proximity to Sagittarius A* have disproved this assumption. The discovery of the young binary star now shows that even stellar pairs have the potential to form in these harsh conditions. "The D9 system shows clear signs of the presence of gas and dust around the stars, which suggests that it could be a very young stellar system that must have formed in the vicinity of the supermassive black hole," explains co-author Michal Zajacek, a researcher at Masaryk University, Czechia, and the University of Cologne.

The newly discovered binary was found in a dense cluster of stars and other objects orbiting Sagittarius A*, called the S cluster. Most enigmatic in this cluster are the G objects, which behave like stars but look like clouds of gas and dust.

It was during their observations of these mysterious objects that the team found a surprising pattern in D9. The data obtained with the VLT's ERIS instrument, combined with archival data from the SINFONI instrument, revealed recurring variations in the velocity of the star, indicating D9 was actually two stars orbiting each other. "I thought that my analysis was wrong," Peissker says, "but the spectroscopic pattern covered about 15 years, and it was clear this detection is indeed the first binary observed in the S cluster."

The results shed new light on what the mysterious G objects could be. The team proposes that they might actually be a combination of binary stars that have not yet merged and the leftover material from already merged stars.

The precise nature of many of the objects orbiting Sagittarius A*, as well as how they could have formed so close to the supermassive black hole, remain a mystery. But soon, the GRAVITY+ upgrade to the VLT Interferometer and the METIS instrument on ESO's Extremely Large Telescope (ELT), under construction in Chile, could change this. Both facilities will allow the team to carry out even more detailed observations of the Galactic centre, revealing the nature of known objects and undoubtedly uncovering more binary stars and young systems. "Our discovery lets us speculate about the presence of planets, since these are often formed around young stars. It seems plausible that the detection of planets in the Galactic centre is just a matter of time," concludes Peissker.
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Training solar panels to dance with the wind | ScienceDaily
Solar power is currently the fastest growing energy sector worldwide. Solar photovoltaic power plants convert sunlight into electricity and their vast potential for producing clean, renewable energy make solar power a cornerstone of the NetZero Emissions by 2050 initiative, which seeks to cut carbon dioxide emissions to zero by the year 2050.


						
Wind has both positive and negative effects on solar power grids. It helps maintain solar panel performance by eliminating the buildup of dirt and dust, and because solar panels typically lose efficacy as they heat up, the flow of wind over and around the surface of panels increases cooling and efficiency. However, the slender panels are vulnerable to high-wind events, even to the extent of structural collapse and failures that can take weeks to repair. In addition, insurance claims resulting from the vulnerability of photovoltaic panels to severe weather events have grown significantly with the increased use of solar energy.

In Physics of Fluids, by AIP Publishing, researchers at the Centre for Material Forming at PLS University in Sophia Antipolis, France, proposed a unique numerical decision-making framework for solar panel protection against extreme weather conditions.

"By blending advanced fluid dynamics and artificial intelligence, we saw an opportunity to address wind damage risks innovatively and contribute to the resilience of renewable energy systems," said author Elie Hachem.

Row spacing, ground clearance, and tilt angles have been the primary areas of focus for research teams seeking to lessen the effects of wind damage on solar panels. Tracking mounts that rotate the panels for maximum sunlight exposure remain in operation until a certain wind speed is reached. At this point, the panel goes into a presumed safe stow position parallel to the ground. While this stowing method is effective in some instances, the panels lose energy output in this position and, more importantly, are often not protected from higher wind speeds.

The framework used by the team combines advanced wind simulations with machine learning to optimize individual solar panel angles under strong winds. Unlike previous methods developed to protect the panels, this new method treats panels as independent decision-makers and identifies creative, data-driven solutions to reduce stress, significantly outperforming current safeguards.

"It's like teaching the panels to dance with the wind, minimizing damage while protecting energy production during high wind speeds," said Hachem.

The decision-making framework for solar panel protection challenges traditional engineering practices. It offers a scalable solution for enhancing real-world resilience, while opening the door for smarter, adaptive systems in the challenge of producing energy with net zero carbon emissions.
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Young English speakers are most comfortable with digital health | ScienceDaily
Study shows how language, education and age affect someone's ability to engage with digital health tools.


						
Digital health tools, such as patient portals, treatment apps and online appointment schedulers, are increasingly common. But not everyone is equally at home using them.

To find out how language, education and age may affect a person's comfort in using digital tools, UC San Francisco researchers surveyed caregivers of hospitalized children at UCSF Benioff Children's Hospitals.

The researchers found that being a Spanish speaker, having less education, and being older all made people feel less comfortable with digital health tools.

"Digital health tools are meant to improve health access and outcomes, but they must be useful for people from all backgrounds to avoid deepening existing health inequities," said Naomi Bardach, MD, professor of pediatrics at UCSF Benioff Children's Hospitals.

"We don't want to leave people behind, whether they are older adults, people with lower education, or those of a specific race, ethnicity or language background."

The study appears Dec. 17 in the Journal of the American Medical Informatics Association.




Comfort levels could affect treatment

Researchers asked how well people felt they could engage with digital tools, how motivated they were to use them, and how safe and in control they felt while they were using them. This was intended to measure people's concerns about the privacy of digital health tools.

Education was the most important factor, after language. Having a high school education or less was most strongly associated with lower scores in all three areas measured.

Latinx and Black caregivers scored significantly lower on "feeling safe and in control" with digital tools. Rural caregivers, however, scored higher on the privacy measure, and they were more motivated to use digital tools.

Those over 45 were less motivated to use digital tools, and they also felt less safe and in control while using them. But they felt able to engage with them if they wanted to.

"Accessing these tools affects all kinds of things, like requesting medication refills online, tracking the number of steps per day, or helping a child play a therapeutic game for ADHD," Bardach said.

"We all need to be thinking about how to make sure people can use them comfortably, and if they can't, how to provide an alternative."
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Peptide-guided nanoparticles deliver mRNA to neurons | ScienceDaily
Penn Engineers have modified lipid nanoparticles (LNPs) -- the revolutionary technology behind the COVID-19 mRNA vaccines -- to not only cross the blood-brain barrier (BBB) but also to target specific types of cells, including neurons. This breakthrough marks a significant step toward potential next-generation treatments for neurological diseases like Alzheimer's and Parkinson's.


						
In a new paper in Nano Letters, the researchers demonstrate how peptides -- short strings of amino acids -- can serve as precise targeting molecules, enabling LNPs to deliver mRNA specifically to the endothelial cells that line the blood vessels of the brain, as well as neurons.

This represents an important advance in delivering mRNA to the cell types that would be key in treating neurodegenerative diseases; any such treatments will need to ensure that mRNA arrives at the correct location. Previous work by the same researchers proved that LNPs can cross the BBB and deliver mRNA to the brain, but did not attempt to control which cells the LNPs targeted.

"Our first paper was a proof-of-concept lipid nanoparticle design," says Michael J. Mitchell, Associate Professor in Bioengineering (BE) and the paper's senior author. "It was like showing we could send a package from Pennsylvania to California, but we had no idea where in California it would end up. Now, with peptides, we can address the package to specific destinations with shared features, like every house with a red mailbox."

The Challenge of Accessing the Brain

Crossing the BBB is difficult because the structure has evolved to keep out virtually any dangerous or foreign molecules, including most medicines; mRNA molecules are too large to penetrate the barrier, as are most pharmaceuticals. The BBB also actively expels materials it deems hazardous.

"You can inject a treatment directly into the brain or spine, but these are highly invasive procedures," says Emily Han, a doctoral student in the Mitchell Lab and the paper's first author.




Because the BBB allows fat-soluble molecules through (like alcohol and THC, which is why those substances affect the brain), certain formulations of LNPs, which are partially made of the same family of fatty compounds found in everyday oils, can sneak through into the brain.

Peptides vs. Antibodies

Until now, most research on targeting specific organs with LNPs has focused on combining them with antibodies, large proteins that function like biological nametags. "When you put antibodies onto LNPs, they could become unstable and larger in size, which makes it really hard to squeeze through the barrier," says Han.

In contrast to antibodies, which can be hundreds of amino acids in length, peptides are just dozens of amino acids long. Their smaller size means they're not only easier to place in large numbers onto LNPs but cheaper to manufacture. Peptides are also much less likely than antibodies to aggregate during LNP formulation or to provoke unintended immune responses.

The choice to use peptides started with an unexpected encounter between Han and a bat that flew into her room, potentially exposing her to rabies. While researching the vaccines she received against the disease, Han learned that one of the ways the rabies virus crosses the BBB is through the rabies virus glycoprotein. "I then stumbled across one of our most promising targeting peptides," Han says, a molecule known as RVG29, a 29-amino-acid segment of that protein.

Testing the Concept

To confirm the peptides were functioning as intended, the researchers first needed to verify they adhered to the LNPs. "Our LNPs are a complex mixture of nucleic acids, lipids and peptides," says Han. "We had to optimize quantification methods to pick out the peptides against all those other signals."




Once they knew the peptides had adhered to the LNPs, the researchers then had to determine whether or not the peptide-functionalized LNPs (pLNPs) actually reached the intended targets in animal models. "It's really difficult to set up," says Han, "because in the brain, you have so many different cell types and a lot of fat that can interfere with measurements." For more than six months, Han painstakingly developed a protocol to carefully take apart brain tissue, almost like a mechanic disassembling an engine.

Future Directions

Next, the team aims to determine what fraction of neurons must be treated with pLNPs to meaningfully alleviate symptoms or potentially cure neurological diseases. "Returning to the same analogy, do we need to send these to every house with a red mailbox, or just 10% of them? Would 10% of neurons be enough?" asks Mitchell.

Answering this question will guide the development of even more efficient delivery strategies, bringing the promise of mRNA-based treatments for Alzheimer's, Parkinson's and other brain diseases closer to reality.

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the U.S. National Institutes of Health (DP2 TR002776), the Burroughs Wellcome Fund, the US National Science Foundation (CBET-2145491), and the American Cancer Society (RSG-22-122-01-ET). 

Additional co-authors include Sophia Tang, Dongyoon Kim, Amanda M. Murray, Kelsey L. Swingle, Alex G. Hamilton, Kaitlin Mrksich, Marshall S. Padilla and Jacqueline Li of Penn Engineering, and Rohan Palanki of Penn Engineering and the Children's Hospital of Philadelphia. 
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Tiny robots, big impact: Revolutionizing infertility treatment with magnetic microrobots | ScienceDaily
Infertility affects an estimated 186 million people worldwide, with fallopian tube obstruction contributing to 11%-67% of female infertility cases. In AIP Advances, from AIP Publishing, researchers at the SIAT Magnetic Soft Microrobots Lab have developed an innovative solution using a magnetically driven robotic microscrew to treat fallopian tube blockages.


						
"This new technology offers a potentially less invasive alternative to the traditional surgical methods currently used to clear tubal obstructions, which often involve the use of conventional catheters and guidewires," said author Haifeng Xu.

The microrobot is made from nonmagnetic photosensitive resin, coated with a thin iron layer to give it magnetic properties. By applying an external magnetic field, the robot rotates, generating translational motion that enables it to navigate through a glass channel simulating a fallopian tube. The robot successfully clears a cell cluster obstruction placed in the channel, mimicking a typical blockage in the female reproductive system. This magnetic control provides precise navigation through the delicate and narrow structures of the fallopian tube.

The design of the microrobot is another key innovation. It has a screw-shaped body with a helical structure, a cylindrical central tube, and a disk-shaped tail. The helix-shaped structure is crucial for propulsion, while the disk-shaped tail helps stabilize the robot's motion. As the screw rotates, it generates a vortex field that helps push fragmented debris toward the tail, clearing the blockage more effectively.

In tests, the microrobot demonstrated both effectiveness and efficiency in clearing the simulated blockage, with the vortex created by the rotating screw propelling debris away from the obstruction.

Looking to the future, the research team plans to make the microrobot smaller and more advanced. They also aim to test the robot in isolated organ models and incorporate in vivo imaging systems to track the microrobot's movement and position in real time. The team also envisions expanding the robot's applications in surgery, including automatic control systems that could enhance the efficiency of blockage removal and other medical procedures.

"The ultimate goal is to provide a more effective, minimally invasive solution for patients suffering from infertility," said Xu.
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Microchips capable of detecting and diagnosing diseases | ScienceDaily
In a world grappling with a multitude of health threats -- ranging from fast-spreading viruses to chronic diseases and drug-resistant bacteria -- the need for quick, reliable, and easy-to-use home diagnostic tests has never been greater. Imagine a future where these tests can be done anywhere, by anyone, using a device as small and portable as your smartwatch. To do that, you need microchips capable of detecting miniscule concentrations of viruses or bacteria in the air.


						
Now, new research from NYU Tandon faculty including Professor of Electrical and Computer Engineering Davood Shahrjerdi; Herman F. Mark Professor in Chemical and Biomolecular Engineering Elisa Riedo; and Giuseppe de Peppo, Industry Associate Professor in Chemical and Biomolecular Engineering and who was previously at Mirimus, shows it's possible to develop and build microchips that can not only identify multiple diseases from a single cough or air sample, but can also be produced at scale.

"This study opens new horizons in the field of biosensing. Microchips, the backbone of smartphones, computers, and other smart devices, have transformed the way people communicate, entertain, and work. Similarly, today, our technology will allow microchips to revolutionize healthcare, from medical diagnostics, to environmental health" says Riedo,

"The innovative technology demonstrated in this article uses field-effect transistors (FETs) -- miniature electronic sensors that directly detect biological markers and convert them into digital signals -- offering an alternative to traditional color-based chemical diagnostic tests like home pregnancy tests," said Shahrjerdi. "This advanced approach enables faster results, testing for multiple diseases simultaneously, and immediate data transmission to healthcare providers" says Sharjerdi, who is also the Director of the NYU Nanofabrication Cleanroom, a state-of-the-art facility where some of the chips used in this study were fabricated. Riedo and Shahrjerdi are also the co-directors of the NYU NanoBioX initiative.

Field-effect transistors, a staple of modern electronics, are emerging as powerful tools in this quest for diagnostic instruments. These tiny devices can be adapted to function as biosensors, detecting specific pathogens or biomarkers in real time, without the need for chemical labels or lengthy lab procedures. By converting biological interactions into measurable electrical signals, FET-based biosensors offer a rapid and versatile platform for diagnostics.

Recent advancements have pushed the detection capabilities of FET biosensors to incredibly small levels -- down to femtomolar concentrations, or one quadrillionth of a mole -- by incorporating nanoscale materials such as nanowires, indium oxide, and graphene. Yet, despite their potential, FET-based sensors still face a significant challenge: they struggle to detect multiple pathogens or biomarkers simultaneously on the same chip. Current methods for customizing these sensors, such as drop-casting bioreceptors like antibodies onto the FET's surface, lack the precision and scalability required for more complex diagnostic tasks.

To address this, these researchers are exploring new ways to modify FET surfaces, allowing each transistor on a chip to be tailored to detect a different biomarker. This would enable parallel detection of multiple pathogens.




Enter thermal scanning probe lithography (tSPL), a breakthrough technology that may hold the key to overcoming these barriers. This technique allows for the precise chemical patterning of a polymer-coated chip, enabling the functionalization of individual FETs with different bioreceptors, such as antibodies or aptamers, at resolutions as fine as 20 nanometers. This is on par with the tiny size of transistors in today's advanced semiconductor chips. By allowing for highly selective modification of each transistor, this method opens the door to the development of FET-based sensors that can detect a wide variety of pathogens on a single chip, with unparalleled sensitivity.

Riedo, who was instrumental in the development and proliferation of tSPL technology, sees its use here to be further evidence of the groundbreaking way this nanofabrication technique can be used in practical applications. "tSPL, now a commercially available lithographic technology, has been key to functionalize each FET with different bio-receptors in order to achieve multiplexing," she says.

In tests, FET sensors functionalized using tSPL have shown remarkable performance, detecting as few as 3 attomolar (aM) concentrations of SARS-CoV-2 spike proteins and as little as 10 live virus particles per milliliter, while effectively distinguishing between different types of viruses, including influenza A. The ability to reliably detect such minute quantities of pathogens with high specificity is a critical step toward creating portable diagnostic devices that could one day be used in a variety of settings, from hospitals to homes.

The study, now published by the Royal Society of Chemistry in Nanoscale, was supported by Mirimus, a Brooklyn-based biotechnology company, and LendLease, a multinational construction and real estate company based in Australia. They are working with the NYU Tandon team to develop illness-detecting wearables and home devices, respectively.

"This research shows off the power of the collaboration between industry and academia, and how it can change the face of modern medicine," says Prem Premsrirut, President and CEO of Mirimus. "NYU Tandon's researchers are producing work that will play a large role in the future of disease detection."

"Companies such as Lendlease and other developers involved in urban regeneration are searching for innovative solutions like this to sense biological threats in buildings." says Alberto Sangiovanni Vincentelli of UC Berkeley, a collaborator on the Project. "Biodefense measures like this will be a new infrastructural layer for the buildings of the future"

As semiconductor manufacturing continues to advance, integrating billions of nanoscale FETs onto microchips, the potential for using these chips in biosensing applications is becoming increasingly feasible. A universal, scalable method for functionalizing FET surfaces at nanoscale precision would enable the creation of sophisticated diagnostic tools, capable of detecting multiple diseases in real time, with the kind of speed and accuracy that could transform modern medicine.
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Electric vehicle transition could create unwanted air pollution hotspots in China and India | ScienceDaily
While electric vehicles have become a cornerstone of the global energy transition, new research led by Princeton University has demonstrated that refining the critical minerals needed for electric vehicle batteries could create pollution hotspots near manufacturing hubs.


						
Focusing on China and India, the researchers found that national sulfur dioxide (SO2) emissions could increase by up to 20% over current levels if the countries were to fully domesticize their supply chains for electric vehicles. The overwhelming majority of those SO2 emissions would come from refining and manufacturing nickel and cobalt -- important minerals for today's electric vehicle batteries.

"Many discussions about electric vehicles focus on minimizing emissions from the transport and power sectors," said corresponding author Wei Peng, an assistant professor of public and international affairs and the Andlinger Center for Energy and the Environment. "But we show here that the impacts of electric vehicles don't end with vehicle tail-pipe emissions or electricity. It's also about your entire supply chain."

Publishing their findings in Environmental Science & Technology, the researchers argued that countries must think strategically about building clean supply chains as they develop decarbonization plans.

In the case of battery manufacturing, the team underscored the importance of developing and enforcing strict air pollution standards to avoid unintended consequences of the transition to electric vehicles. They also suggested the development of alternative battery chemistries to avoid the process-based SO2 emissions of manufacturing today's batteries.

"If you dig deep enough into any clean energy technology, you will find there are challenges or tradeoffs," said first author Anjali Sharma, who completed the work as a postdoctoral researcher in Peng's group and is now an assistant professor in the Centre for Climate Studies and Ashank Desai Centre for Policy Studies at the Indian Institute of Technology, Bombay. "The existence of these tradeoffs doesn't mean that we stop the energy transition, but it does mean that we need to act proactively to mitigate these tradeoffs as much as possible."

A tale of two countries

Both China and India have good reasons to avoid SO2 emissions: the compound is a precursor to fine particulate matter, contributing to a host of cardiovascular and respiratory problems. The two countries already suffer from high levels of air pollution. In 2019 alone, around 1.4 million premature deaths in China and around 1.7 million premature deaths in India were attributable to fine particulate matter exposure.




However, the two countries are at different stages of development for electric vehicles. Peng said that in China, a domestic supply chain for electric vehicles is the status quo, but that India is still in the early stages of supply chain development. The comparison helped the researchers identify near-term priorities as they continue or begin to build a domestic supply chain for electric vehicles.

"China needs to be thinking about how to clean up a supply chain that already exists, while India has the opportunity to build a better supply chain from the ground up," said Peng, who is also a core faculty at the Center for Policy Research on Energy and the Environment. "Both situations come with their own challenges and opportunities."

In India, the lowest-hanging fruit would be to focus first on cleaning up pollution from the power sector. This would require enforcing stringent SO2 pollution control measures for thermal power plants, using mature technologies like flue-gas desulfurization. For China, which already has stringent emissions controls for the power sector, the focus needs to shift to mitigating SO2 emissions from the battery manufacturing process, which the researchers said is less familiar.

However, the researchers underscored that ignoring emissions from battery manufacturing would be a critical misstep. In scenarios where China and India fully onshored their supply chains, prioritizing a cleaner grid did little to nothing to lower SO2 emissions. Instead, only scenarios focused on cleaning up battery manufacturing processes avoided SO2 pollution hotspots.

"People generally assume the transition to a greener technology is always going to be a win-win -- there will be climate and air quality benefits," said Sharma. "But without considering manufacturing, you might lower carbon and nitrogen oxide emissions but end up increasing the air pollution burden for communities near manufacturing centers."

Human-centered approaches to decarbonization

While the analysis focused on China and India, the researchers argued that if left unaddressed, pollution from battery manufacturing will become an increasingly global challenge as electric vehicle adoption rates rise. Even if countries like China and India were to outsource battery manufacturing, Sharma said that without strategies to mitigate SO2 emissions, they would simply be offloading the problem to another country.




"It's important to look at electric vehicles from a global supply chain perspective," Sharma said. "Even if India were to decide against building a domestic supply chain and instead chose to import them from somewhere else, the pollution wouldn't go away. It would just be outsourced to another country."

In addition to their policy recommendation for proactive air pollution standards, which would likely happen at the national or subnational level, the researchers also examined how changing the battery chemistry in electric vehicles could avoid unwanted SO2 emissions at a more global scale.

While most electric vehicle batteries today rely on cobalt and nickel, the rise of alternative chemistries that use iron and phosphate (so-called lithium iron phosphate batteries) could circumvent some of the concerns associated with mining and refining cobalt and nickel. By avoiding the two minerals, scenarios with high penetration of lithium phosphate batteries resulted in far fewer SO2 emissions from manufacturing.

In all events, Peng said the findings serve as a reminder to keep people at the top of mind when designing decarbonization plans, as even the most promising technologies could come with unwanted and unintended consequences.

"We know about many of the important technologies for cutting carbon emissions," said Peng. "But the other part is how people will be affected by those technologies. My approach is to think about the best ways for technologies and people to intersect, because those strategies will have the best outcomes for the greatest number of people."
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New paper examines the elusive nature of liquid brines on Mars | ScienceDaily
More than a hundred years ago, astronomer Percival Lowell made the case for the existence of canals on Mars designed to redistribute water from the Martian ice caps to its lower, drier latitudes. This necessarily meant the existence of Martians to build the canals.


						
While Lowell was proven wrong by better telescopes, the question of whether there's liquid water on Mars continues to tantalize researchers. Liquid water is a critical precondition for a habitable planet. Yet the combination of low temperature, atmospheric pressure and water vapor pressure on Mars means any liquid water found there would likely freeze, boil or evaporate immediately, making its presence unlikely.

Yet researchers continue to make the case for the presence of liquid water on Mars.

Of particular interest has been the discovery of the "recurring slope lineae," or RSL, which are dark linear features found on steep slopes in specific regions of Mars. RSL display seasonal changes, appearing in warmer seasons and fading in colder seasons, in a way that is consistent with the behavior of liquid water. Distinct striped and polygonal features in Martian permafrost have also been pointed to as possible evidence of thermal cycles. A further case has also been made for an assortment of potential liquid brines.

But a new paper published in the Proceedings of the National Academy of Sciences of the United States of America, the official journal of the National Academy of Sciences, throws cold water on the notion that we are likely find liquid water on Mars in RSLs, permafrost or brines anytime soon.

The paper, "The Elusive Nature of Martian Liquid Brines," was co-authored by Vincent Chevrier, an associate research professor at the University of Arkansas' Center for Space and Planetary Sciences, and Rachel Slank, a postdoctoral fellow at The Lunar and Planetary Institute in Houston, Texas. Slank earned her Ph.D. at the U of A while working with Chevrier, who has spent the last 20 years studying Mars for signs of liquid water. In short, he's as invested as anyone in there being liquid water on Mars, but he thinks the evidence just isn't there yet.

The goal of the paper is to educate the public on the current state of knowledge regarding the existence of liquid water on Mars.




"I wanted to write this paper for a very long time," Chevrier said, "because I think there is a lot of confusion, a lot of misunderstanding, and a lot of erroneous interpretations of what the research papers are saying about the state of liquid water on Mars."

The authors suggest that a closer look at RSLs indicates their behavior is consistent with sand and dust flows with no water needed to create them. Nor can available data from Martian orbiters confirm liquid water plays any role in RSL development.

Other researchers think that brines, which are solutions with a high concentration of salts, such as Earth's oceans, may hold the key to finding liquid water on Mars. Brines can freeze at much lower temperatures, and there is an abundance of salts on Mars. Of those salts, perchlorates would seem to be the most promising, since they have extremely low eutectic temperatures (which is when the melting point of a mixture is lower than any single ingredient). For instance, a calcium perchlorate brine solidifies at -75 degrees Celsius, while Mars has an average surface temperature of -50 C at the equator, theoretically suggesting there could be a zone where calcium perchlorate brine could stay liquid, particularly in the subsurface.

The authors then examine all of the arguments for and against brines potentially forming stable liquids. Ultimately, they concluded that the various limiting factors, including the relatively low amounts of the most promising salts, water vapor pressure and ice location "strongly limit the abundances of brines on the surface or shallow subsurface." And even if brines did form, they would "remain highly un-habitable by terrestrial standards."

In the last section of the paper, the authors state: "Despite these drawbacks and limitations, there is always the possibility that Martian life adapted to those brines and some terrestrial organisms could survive in them, which is a consideration for planetary protection because life on Mars might exist today in that case. Hence, detecting brines in situ remains a major objective of the exploration of the red planet."

Moving forward, the authors suggest the next hurdles will be improving the instruments needed to detect small amounts of brines, doing a better job of identifying the best places to look for them, and being able to conduct more laboratory measurements under Martian conditions.

"Despite our best efforts to prove otherwise," Chevrier concludes, "Mars still remains a cold, dry and utterly unhabitable desert."
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Staying sharp: Study explores how brain changes may affect financial skills | ScienceDaily
Senior citizens are targeted by financial scams of all types, from email-based phishing attempts to callers looking to swindle their life savings.


						
A new paper from Binghamton University Associate Professor of Psychology Ian M. McDonough sheds light on how age-related changes may affect the way we handle finances -- and how we can stay sharp as we age. "Separating neurocognitive mechanisms of maintenance and compensation to support financial ability in middle-aged and older adults: The role of language and the inferior frontal gyrus," co-authored by Macarena Suarez-Pellicioni of the University of Alabama, was recently published in the Archives of Gerontology and Geriatrics.

The study focused on cognitively healthy adults ages 50 to 74, using MRI scans to measure brain structure and functional connectivity; study participants also engaged in simple financial tasks, such as balancing a checkbook or making change.

Financial tasks rely on multiple cognitive domains, including memory, executive functioning and numerical ability; aging can prompt subtle decline in all of these areas.

Earlier research that dealt with financial management and Alzheimer's-related brain decline focused on the parietal cortex, the part of the brain involved in attention and simulating possible future outcomes, McDonough said. Little attention has been paid to the brain regions connected specifically with math processing, outside of the development of these regions in children.

Mathematics involves two different brain regions. One is the inferior frontal gyrus, which specifically deals with accessing math information contained in your memory.

"If I ask, 'What's 3 plus 3?' you know it's six; you don't have to count 3 plus 3," McDonough explained. "You have memorized this because of rote learning and years and years of it being embedded in you."

If you don't have a readily memorized answer and need to perform calculations, then your middle frontal gyrus kicks in. It uses more brainpower than memory and increases the possibility of error.




"When people are doing the calculation, they're more likely to get it wrong. If you've memorized it, you've memorized the right answer," McDonough said. "You're faster, more efficient and more accurate when you have those verbal representations."

The brain's prefrontal cortex shrinks as a part of normal aging; with Alzheimer's disease, the frontal cortex regions shrink even faster. As a result, individuals may start making more mistakes with financial tasks since their brains no longer rely on memorized answers and are instead recruiting different regions to compensate for deficiencies.

"They are potential markers that could show people's increased vulnerability to scams," he said. "If we understand how the brain changes, this can inform interventions used to target these brain regions."

Preserving independence

Ultimately, successful financial management may rely more on language processing than sheer calculation. Individuals with better language skills were more likely to excel in financial tasks, the researchers found, likely because of increased connectivity between different parts of the brain.

McDonough's research shows that higher household income and financial literacy -- both markers of socioeconomic status -- were the two main factors protecting against age-related declines in financial ability. Relying on memory requires that memories be developed in the first place, which is more likely in an environment where financial literacy is promoted.




Financial education may help people retain sharp decision-making abilities on the money front. Maintaining verbal automatic representations for math -- essentially, practicing the math skills you learned in school -- may be helpful in supporting good financial management throughout life.

Individuals and caregivers alike, however, also need to keep an eye out for cognitive declines that can make older adults more susceptible to financial scams and abuse. Financial tools, technologies and legal safeguards, such as power of attorney for automatic payment systems, can protect older adults while preserving their autonomy in decision-making.

"Managing finances is so important to maintaining independence later in life," McDonough said. "We need to have interventions that can strengthen the brain and help keep people healthy when managing their finances."
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Exploring excited state dynamics: Advancements in fluorescence and material design | ScienceDaily
Excited state dynamics are essential for understanding fluorescence properties in molecules, impacting their application in technologies. Recent research at Shinshu University explores how molecular structure and geometry influence light emission in aggregation-induced emission molecules. The study reveals that changes in molecular shape affect emission behavior in both solution and solid states. These insights are crucial for advancing applications like organic light-emitting diodes and bioimaging, enabling innovations in material design and energy interactions.


						
Light emission from molecules, particularly fluorescence, has fascinated scientists for over a century, revolutionizing areas like imaging, sensing, and display technologies. Recent advancements have brought attention to aggregation-induced emission (AIE) -- a unique phenomenon where molecules emit light more efficiently when in a solid or aggregated state. Studying the reaction dynamics underlying this phenomenon, is thus, important for understanding the molecular structural changes.

Now, in a recent study, researchers from Japan explored a-substituted dibenzoylmethanatoboron difluoride (BF2DBM) complexes to unravel how molecular geometry and restricted excited state dynamics influence AIE. "AIE phenomenon has only been explained by theoretical quantum chemical calculations up till now. However, in our study, we explained this phenomenon by two spectroscopies for the first time," says lead author Yushi Fujimoto, a doctoral student at the Department of Chemistry, Graduate School of Science and Technology, Shinshu University, Japan. The study was conducted in collaboration with Osaka University and Aoyama Gakuin University. The findings were published in Volume 146, Issue 47 of the Journal of the American Chemical Society on November 17, 2024.

AIE is a fascinating phenomenon that challenges the conventional quenching behavior seen in many materials. Most of the time, molecules tend to lose their luminescence when aggregated due to quenching effects. Certain molecules that exhibit the AIE phenomena tend to emit light instead of dimming under restricted conditions. This happens because, in solid form, the molecules cannot move freely. These restrictions help them emit light rather than lose energy in other ways. This behavior is explained by the restricted access to conical intersection (RACI) model, which describes how structural changes in a molecule can control its ability to emit light. The researchers demonstrated this effect in synthesized molecules of BF2DBM derivatives, namely 2aBF2 and 2amBF2, which were a-methyl-substituted derivatives. "We analyzed the AIE effects of the molecules in solids and solutions using advanced techniques like steady-state UV-visible and fluorescence spectroscopy and time-resolved visible and infrared spectroscopy to observe the molecule's light emission behavior over time," explains Prof. Hiroshi Miyasaka, a well-known researcher from Osaka University.

The first molecule, 2aBF2, exhibited strong fluorescence in both solution and solid states, while the second molecule, 2amBF2, displayed weaker fluorescence in solution but showed much brighter emission in solid form. Co-author Prof. Akira Sakamoto from Aoyama Gakuin University clarifies this saying, "Spectroscopy is a letter sent from molecules. Here, the molecular shape played a crucial role, with 2amBF2 adopting a bent configuration in solution, causing energy loss through non-radiative processes, leading to weaker fluorescence. In solid form, the bending was restricted, forcing the molecule to maintain a stable structure that emitted light." The study also reveals that rapid changes were observed within a short time frame. In solutions, the 2amBF2 molecules underwent shape changes within a few trillionths of a second. These quick transitions to bent shapes facilitated energy loss and suppressed fluorescence.

These findings have significant implications for the future development of organic light-emitting diodes (OLEDs) and bioimaging technologies. As co-author Prof. Fuyuki Ito points out, "The exploration of excited state dynamics is crucial for enhancing the properties of luminescent materials, which can lead to advancements in OLED applications and bioimaging." This insight emphasizes how understanding the molecular behavior in excited states can improve the performance and efficiency of these cutting-edge technologies. By leveraging advanced spectroscopy and computational tools, the work sheds new light on how molecules interact with energy, deepening our understanding of fluorescence and its practical applications.
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Can lab-grown neurons exhibit plasticity? | ScienceDaily
"Neurons that fire together, wire together" describes the neural plasticity seen in human brains, but neurons grown in a dish don't seem to follow these rules. Neurons that are cultured in-vitro form random and meaningless networks that all fire together. They don't accurately represent how a real brain would learn, so we can only draw limited conclusions from studying it.


						
But what if we could develop in-vitro neurons that actually behaved more naturally?

A research team at Tohoku University has used microfluidic devices to reconstitute biological neuronal networks bearing connectivity resembling that found in animal nervous systems. They showed that such networks exhibit complex activity patterns that were able to be "reconfigured" by repetitive stimulation. This remarkable finding provides new tools for studying learning and memory.

The results were published online in Advanced Materials Technologies on November 23, 2024.

In certain areas of the brain, information is encoded and stored as "neuronal ensembles," or groups of neurons that fire together. Ensembles change based on input signals from the environment, which is considered to be the neural basis of how we learn and remember things. However, studying these processes using animal models is difficult because of its complex structure.

"The reason there is a need to grow neurons in the lab is because the systems are much simpler," remarks Hideaki Yamamoto (Tohoku University), "Lab-grown neurons allow scientists to explore how learning and memory work in highly controlled conditions. There is a demand for these neurons to be as close to the real thing as possible."

The research team created a special model using a microfluidic device -- a small chip with tiny 3D structures. This device allowed neurons to connect and form networks similar to those in the animals' nervous system. By changing the size and shape of the tiny tunnels (called microchannels) that connect the neurons, the team controlled how strongly the neurons interacted.

The researchers demonstrated that networks with smaller microchannels can maintain diverse neuronal ensembles. For example, the in-vitro neurons grown in traditional devices tended to only exhibit a single ensemble, while those grown with the smaller microchannels showed up to six ensembles. Additionally, the team found that repeated stimulation modulates these ensembles, showing a process resembling neural plasticity, as if the cells were being reconfigured.

This microfluid technology in conjunction with in-vitro neurons could be used in the future to develop more advanced models that can mimic specific brain functions, like forming and recalling memories.
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Highly sensitive transparent ultrasound transducer for photoacoustic and ultrasound endoscopy in live pigs | ScienceDaily
Recently, a research team consisting of Professor Chulhong Kim from the Department of Electrical Engineering, the Department of Convergence IT Engineering, the Department of Mechanical Engineering, and the School of Convergence Science and Technology, Professor Hyung Ham Kim from the Department of Electrical Engineering, the Department of Convergence IT Engineering, and the School of Convergence Science and Technology, Dr. Jaewoo Kim from the Department of Convergence IT Engineering, and Dasom Heo, a PhD candidate, from the Department of Mechanical Engineering at POSTECH collaborated with Professor Hee Man Kim of Yonsei University's Severance Yonsei Cancer Hospital to develop the world's first high-performance photoacoustic endoscopy based on a transparent ultrasonic transducer. Their findings were recently published in the journal Science Advances.


						
Endoscopic ultrasound is widely used in gastroenterology for cancer diagnosis, but it offers limited contrast in soft tissues and only provides structural information, ultimately reducing diagnostic sensitivity. To address this, numerous studies have attempted to integrate photoacoustic technology with endoscopic ultrasound to provide more detailed information about tissue vasculature, thereby improving early cancer detection. However, achieving high-quality photoacoustic and ultrasound imaging simultaneously within an ultra-compact probe has proven challenging.

For obtaining high-resolution images, light and ultrasound must be aligned in the same direction. However, past efforts faced limitations in achieving this alignment. Ultimately, alignment could be achieved either by drilling a hole in the ultrasonic transducer to secure the light path or by tilting the optical system to align the two paths. Both approaches, however, come with trade-offs, often compromising the quality of either the ultrasound image or the photoacoustic image.

In this study, the research team developed an ultra-compact (1 mm2) transparent ultrasonic transducer capable of delivering high-resolution ultrasound and photoacoustic imaging simultaneously. To achieve this, they employed piezoelectric material (PMN-PT) known for its high permittivity and suitability for miniaturization. The transducer was constructed using transparent materials, including indium tin oxide electrodes and urethane sound-absorbing layers, which preserve the transducer's structure while allowing the light path to pass through. This design enables high-resolution ultrasound and photoacoustic imaging. The researchers successfully integrated the optical and acoustic systems within this ultra-compact probe and aligned the two imaging pathways.

To evaluate the technology, the team inserted the device into the channel of a commercial endoscope and captured images of a porcine esophagus. As a result, they were able to clearly visualize all layers from the esophageal mucosa down to the muscle layer, with ultrasound performance comparable to that of commercial endoscopes. Additionally, they obtained high-resolution photoacoustic images even at long distances, demonstrating the strong clinical potential of photoacoustic-ultrasound endoscopy.

Professor Chulhong Kim of POSTECH remarked, "This breakthrough is expected to overcome the limitations of existing photoacoustic-ultrasound systems and dramatically improve diagnostic accuracy." Professor Hee Man Kim of Yonsei Cancer Hospital added, "These successful experimental results with a transparent ultrasound transducer-based photoacoustic-ultrasound endoscopy system mark an important first step toward developing and localizing innovative diagnostic medical devices."

The research was conducted with support from the Basic Research Program of the National Research Foundation of Korea funded by Ministry of Education, the BRIDGE project of the National Research Foundation of Korea funded by the Ministry of Science and ICT, the Governmental Medical Device R&D Program and BK21 FOUR funded by the Ministry of Science and ICT, the Ministry of Trade, Industry and Energy, the Ministry of Health and Welfare, and the Ministry of Food and Drug Safety as well as the Deep Science Entrepreneurship Support Program provided by the Ministry of Science and ICT.
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Making the most of Switzerland's wood | ScienceDaily
Switzerland has set itself a goal that is as ambitious as it is necessary: net zero by 2050. One of the most important raw materials on the road to a climate-neutral future is wood. This renewable natural resource binds CO2 from the atmosphere as it grows. Both as a material and as an energy source, wood and its numerous components offer alternatives to fossil fuels and materials. It is therefore hardly surprising that many sectors of industry plan to rely more on wood in future, whether in construction, in textile manufacturing or even in sectors such as electronics, chemicals and pharmaceuticals.


						
Little is known, however, about how much wood is available for all these desired applications and in what form. In order to shed some light on the matter, researchers from Empa and WSL have now comprehensively analyzed all documented material flows of wood in Switzerland. Their study, which was recently published in the journal Industrial Ecology, was carried out as part of SCENE, a joint initiative of the ETH Domain (see box).

Extensive data for an accurate assessment

For their analysis, the researchers used data for the year 2020 from 21 different sources -- a methodological challenge, as the figures in the various sources did not always match. Wood is a diverse raw material that can take many forms on its way from harvest to use, often differing in volume and moisture content: raw timber, sawn wood, wood chips, wood pulp for the paper industry and much more. Harmonizing the different material flows was therefore a Herculean task.

But the effort was worth it. "Comparable studies from abroad rely heavily on modeling. They have data on how much wood is harvested in the forest, and they use this to calculate the subsequent material flows," explains Nadia Malinverno from Empa's Technology and Society laboratory, the lead author of the study. The Empa team, on the other hand, used "real" data almost throughout, from timber harvesting and import/export to processing, recycling and disposal. This results in a much more accurate picture -- albeit not a perfect one, emphasizes Malinverno. "We have to thank our colleagues at WSL and the Federal Office for the Environment (FOEN) for the good data that is available in Switzerland," adds co-author and Empa researcher Claudia Som.

Wood should stay wood for as long as possible

The conclusion: Switzerland still has considerable potential when it comes to sustainable use of wood. For example, the recycling rate for wood is just under eight percent, compared to around 70 percent for paper. What's more: "Of the five to seven million cubic meters of wood that we harvest in Switzerland every year, around 40 percent is used directly for energy -- in other words, it is burned," says Malinverno. The researchers agree that this is far from ideal. Because: "For wood to fulfill its function as a long-term CO2 sink, it should remain in the technosphere as a material for as long as possible," explains Som.

The vision of the researchers and of the SCENE initiative is a so-called cascading use of wood. In this approach, a harvested tree would first be processed into the largest possible high-quality product -- such as beams and boards for construction. This wood should then be (re-)used in this function for as long as possible. Only when reuse is no longer feasible would the wood be broken down into the next material stage, for example as smaller boards, wood chips or wood-based materials. It should only go into the furnace when it can no longer be used as a material.

This is just one possible example of a wood cascade. As part of SCENE, the researchers want to investigate in more detail which uses of wood make the most sense, both from an ecological and economic perspective. One of their goals is to take a closer look at selected material flows: In what form is wood present in a particular flow? Where exactly is it produced? How is it treated? And how else could it be used? Nadia Malinverno, Claudia Som and their fellow researchers will be looking into these questions in the coming years.
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Physics and emote design: Quantifying clarity in digital images | ScienceDaily
When analyzing artworks, understanding the visual clarity of compositions is crucial. Inspired by digital artists, Okinawa Institute of Science and Technology (OIST) researchers from the Mechanics and Materials Unit have created a metric to quantify clarity in digital images. As a result, scientists can accurately capture changes in structure during artistic processes and physical transformations.


						
This new metric can improve analysis and decision-making across the scientific and creative domains, potentially transforming how we understand and evaluate the structure of images. It has been tested on digital artworks and physical systems. The research is published in the journal PNAS.

Defining clarity in art with math

At the heart of the methodology lies a straightforward approach, inspired by the practice of digital artists zooming out to evaluate their work. The researchers developed a high-school-level mathematical method to quantify "clarity" in digital images by measuring how clear visual elements stay when blurred. This metric bridges the gap between physics and art, providing a flexible analytical tool for the scientific analysis and artistic creation of digital images.

The method involves blurring images by randomly swapping neighboring pixels and then comparing original images with their blurred versions. The researchers measure how much of the original structure remains intact, assigning higher scores to images with structural elements that remain recognizable even after blurring and zero to images with chaotically distributed pixels or solid colors.

"In our study, we defined 'clarity' as the resistance to blurring or structural degradation. Artistically, this definition aligns with a common artistic practice of zooming out of a canvas to assess how clear an artwork appears. Mathematically, clarity can be expressed in terms of the contrast of colors and their spatial distribution," Prof. Eliot Fried, head of the Mechanics and Material Unit, explained.

The metric preserves the color diversity of an image and is effective even after image compression. It is versatile, useful for analyzing different images, detecting structural changes in physical systems, and aligns with color theory, which studies how colors interact and affect our perceptions. Essentially, it shows how much of the pattern within an image survives random changes.




"Artists are always experimenting with their techniques and compositions. The idea came to me while drawing an emote. As an experimental physicist, I was inspired to create metrics that can measure artistic qualities like clarity, balance, and harmony. We hope these metrics will allow art researchers to experiment with different compositions and report their findings in an objective, quantitative way," Dr. San To Chan, researcher and first author, said.

In digital art, an "emote" typically describes small, expressive images or animations that convey emotions, especially within online communities and on streaming platforms.

Video games, Vtubers, and emotes 

Guided by their metric, the researchers designed an emote for the video game Holo X Break. This practical use proved that their research can be useful even in commercial art projects.

"I chose to portray the virtual YouTuber (VTuber) Sakura Miko because I am a '35P'; a member of her fanbase. Together with several other 35Ps, we have previously animated her for a billboard display in New York Times Square to celebrate her 5th anniversary. Following this experience, I felt that featuring her in this research would be an exciting way to connect my enthusiasm as a fan with my professional experience as a scientist," Dr. Chan added.

Outside of his research, Dr. Chan is a freelance artist who has contributed to indie game development projects such as Holocure. This study draws strength from significant professional expertise by incorporating artworks from peer artists, providing a strong foundation for the analysis.

Dr. Chan and Prof. Fried are exploring potential applications of their clarity metric beyond its initial scope. They believe their metric could revolutionize art analysis. Just as engines convert thermal energy to mechanical work, artists convert clarity in exchange for artistic qualities such as harmony, balance, and rhythm.

Such a thermodynamic perspective on art could help researchers understand the rationales behind certain creative decisions made by artists, providing knowledge that will be useful to human artists to perfect their crafts further.
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Problems developed faster among gamers who started early | ScienceDaily
People who started playing video games at an early school age developed problematic gaming more quickly compared to those who started playing a few years later. This has been shown by a study by the University of Gothenburg, Sweden.


						
The first author of the study is Annika Hofstedt, PhD student at Sahlgrenska Academy, University of Gothenburg, psychologist, and head of the Clinic for Gambling Disorder and Screen Health at Sahlgrenska University Hospital, where the study was conducted.

"We can't say for sure that an early gaming debut leads to faster addiction, but it may be of relevance. That those who started gaming at a younger age developed problems more quickly could also be a consequence of the fact that today young people have access to other games that lead to dependency more quickly. Our results underline the need for preventive measures," says Annika Hofstedt.

The study results are in line with previous research suggesting that an early gaming debut is a risk factor for developing a more severe gaming disorder. The results have been published in the journal Frontiers in Psychiatry.

Both adults and youths

The study encompassed 69 patients aged 15 to 56 who met the criteria for gaming disorder. Only three of the study participants were female. The patients were divided into two equally large groups: a younger group up to 25 years of age and an older group aged 26 years and over. The data were collected via structured interviews and questionnaires.

The younger group was found to have started playing video games at the age of six to seven years and had developed problems by the time they were an average age of 14. The adult group did not start gaming until around the age of ten and only started exhibiting obvious problems at an average age of 21.




Different stages of life

Anna Soderpalm Gordh, Associated Professor at Sahlgrenska Academy, University of Gothenburg, and Research Director at the Department of Addiction and Dependency, Sahlgrenska University Hospital, is the senior author of the study.

"Increasingly more people of all ages are playing digital games. Video games are not necessarily bad, but we need more knowledge about how gaming disorder develops during the different stages of life. Our findings raise important questions for society and parents. It might be a good idea to wait a few years before giving a child their first video game console," says Anna Soderpalm Gordh.

About Gaming Disorder:

A person with gaming disorder has an uncontrollable urge to play computer, video or mobile games. To be diagnosed with gaming disorder, the problems must have existed for some time and gaming must clearly have adverse effects on relationships and other aspects of life.

Gaming disorder has been classified as a disease by the World Health Organization WHO since 2018. The treatment most supported by research is cognitive behavioral therapy (CBT), which is also the type of treatment developed and offered by the clinic at Sahlgrenska University Hospital.
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Does the exoplanet Trappist-1 b have an atmosphere after all? | ScienceDaily
Recent measurements with the James Webb Space Telescope (JWST) cast doubt on the current understanding of the exoplanet Trappist-1 b's nature. Until now, it was assumed to be a dark rocky planet without an atmosphere, shaped by a billion-year-long cosmic impact of radiation and meteorites. The opposite appears to be true. The surface shows no signs of weathering, which could indicate geological activity such as volcanism and plate tectonics. Alternatively, a planet with a hazy atmosphere composed of carbon dioxide is also viable. The results demonstrate the challenges of determining the properties of exoplanets with thin atmospheres.


						
Trappist-1 b is one of seven rocky planets orbiting the star Trappist-1, located 40 light-years away. The planetary system is unique because it allows astronomers to study seven Earth-like planets from relatively close range, with three of them in the so-called habitable zone. This is the area in a planetary system where a planet could have liquid water on the surface. To date, ten research programmes have targeted this system with the James Webb Space Telescope (JWST) for 290 hours.

The current study, in which researchers from the Max Planck Institute for Astronomy (MPIA) in Heidelberg are significantly involved, was led by Elsa Ducrot from the Commissariat aux Energies Atomiques (CEA) in Paris, France. This study uses measurements of the thermal infrared radiation -- essentially heat radiation -- of the planet Trappist-1 b with MIRI (Mid-Infrared Imager) at the JWST and has now been published in the journal Nature Astronomy. It includes the results from last year, on which the previous conclusions were based, which describe Trappist-1 b as a dark rocky planet without an atmosphere.

The crust of Trappist-1 b could be geologically active

'However, the idea of a rocky planet with a heavily weathered surface without an atmosphere is inconsistent with the current measurement,' says MPIA astronomer Jeroen Bouwman, who was jointly responsible for the observation programme. 'Therefore, we think the planet is covered with relatively unchanged material.' Usually, the surface is weathered by the radiation of the central star and impacts from meteorites. However, the results suggest that the rock on the surface is at most about 1000 years old, significantly less than the planet itself, which is estimated to date back several billion years.

This could indicate that the planet's crust is subject to dramatic changes, which could be explained by extreme volcanism or plate tectonics. Even if such a scenario is currently still hypothetical, it is nevertheless plausible. The planet is large enough that its interior may have retained residual heat from its formation -- as with Earth. The tidal effect of the central star and the other planets may also deform Trappist-1 b so that the resulting internal friction generates heat -- similar to what we see in Jupiter's moon Io. In addition, inductive heating by the magnetic field of the nearby star would be conceivable.

Could Trappist-1 b possibly have an atmosphere after all?

'The data also allow for an entirely different solution,' says Thomas Henning, emeritus director of the MPIA. He was one of the principal architects of the MIRI instrument. 'Contrary to previous ideas, there are conditions under which the planet could have a thick atmosphere rich in carbon dioxide (CO2),' he adds. A key role in this scenario is haze from hydrocarbon compounds, i.e. smog, in the upper atmosphere.




The two observational programmes, which complement each other in the current study, were designed to measure the brightness of Trappist-1 b at different wavelengths in the thermal infrared range (12.8 and 15 micrometres). The first observation was sensitive to the absorption of the planet's infrared radiation by a layer of CO2. However, no dimming was measured, leading the researchers to conclude that the planet has no atmosphere.

The research team performed model calculations that show that haze can reverse the temperature stratification of a CO2-rich atmosphere. Typically, the lower, ground-level layers are warmer than the upper ones because of the higher pressure. As the haze absorbs the starlight and warms up, it would instead heat the upper atmospheric layers, supported by a greenhouse effect. As a result, the carbon dioxide there emits infrared radiation itself.

We see something similar happening on Saturn's moon Titan. Its haze layer most likely forms there under the influence of the sun's ultraviolet (UV) radiation from the carbon-rich gases in the atmosphere. A similar process may occur on Trappist-1 b due to its star emitting substantial UV radiation.

It's complicated.

Even if the data fit this scenario, the astronomers still consider it less likely by comparison. On the one hand, it is more difficult, though not impossible, to produce hydrocarbon compounds that form a haze from an atmosphere rich in CO2. Titan's atmosphere, however, consists mainly of methane. On the other hand, the problem remains that the active red dwarf stars, which include Trappist-1, produce radiation and winds that can easily erode the atmospheres of nearby planets over billions of years.

Trappist-1 b is a vivid example of how difficult it currently is to detect and determine the atmospheres of rocky planets -- even for the JWST. They are thin compared to gas planets and produce only weak measurable signatures. The two observations to study Trappist-1 b, which provided brightness values at two wavelengths, lasted almost 48 hours, which was not enough to determine beyond doubt whether the planet has an atmosphere.




Eclipses and occultations as a tool

The observations took advantage of the slight inclination of the planet's plane to our line of sight to Trappist-1. This orientation causes the seven planets to pass before the star and dim it slightly during each orbit. Consequently, this results in learning about the planets' nature and atmospheres in several ways.

So-called transit spectroscopy has proven to be a reliable method. This involves measuring the dimming of a star by its planet, depending on the wavelength. In addition to the occultation by the opaque planetary body, from which astronomers determine the planet's size, the atmospheric gases absorb the starlight at specific wavelengths. From this, they can deduce whether a planet has an atmosphere and what it consists of. Unfortunately, this method has disadvantages, especially for planetary systems like Trappist-1. Cool, red dwarf stars often exhibit large starspots and strong eruptions, significantly affecting the measurement.

Astronomers largely circumvent this problem by instead observing the side of an exoplanet heated by the star in the thermal infrared light, as in the current study with Trappist-1 b. The bright dayside is particularly easy to see just before and after the planet vanishes behind the star. The infrared radiation the planet releases contains information about its surface and atmosphere. However, such observations are more time-consuming than transit spectroscopy.

Given the potential of these so-called secondary eclipse measurements, NASA has recently approved an extensive observation programme to study the atmospheres of rocky planets around nearby, low-mass stars. This extraordinary programme, ' Rocky Worlds', includes 500 hours of observation with the JWST.

Certainty about Trappist-1 b

The research team expects to be able to obtain definitive confirmation using another observation variant. It records the planet's complete orbit around the star, including all illumination phases from the dark night side when passing in front of the star to the bright dayside shortly before and after being covered by the star. This approach will allow the team to create a so-called phase curve indicating the planet's brightness variation along its orbit. As a result, the astronomers can deduce the planet's surface temperature distribution.

The team has already carried out this measurement with Trappist-1 b. By analysing how the heat is distributed on the planet, they can deduce the presence of an atmosphere. This is because an atmosphere helps to transport heat from the day side to the night side. If the temperature changes abruptly at the transition between the two sides, this indicates the absence of an atmosphere.
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Unlocking the journey of gold through magmatic fluids | ScienceDaily
When one tectonic plate sinks beneath another, it generates magmas rich in volatiles such as water, sulphur and chlorine. As these magmas ascend, they release magmatic fluids, in which sulphur and chlorine bind to metals such as gold and copper, and transport these metals towards the surface of the Earth. As the extreme conditions relevant to natural magmas are very difficult to reproduce in the laboratory, the precise role of the different forms of sulphur in metal transport remains highly debated. However, an innovative approach by a team from the University of Geneva (UNIGE) has demonstrated that sulphur, in its bisulphide (HS-) form, is crucial for the transport of gold in magmatic fluids. These findings are published in Nature Geoscience.


						
When two tectonic plates collide, the subducting plate plunges into the Earth's mantle, heats up and releases large amounts of water. This water lowers the melting temperature of the mantle, which melts under high pressure and temperatures exceeding a thousand degrees Celsius to form magmas. As the liquid magma is less dense than the rest of the mantle, it migrates towards the Earth's surface.

''Due to the drop in pressure, magmas rising towards the Earth's surface saturate a water-rich fluid, which is then released as magmatic fluid bubbles, leaving a silicate melt behind" explains Stefan Farsang, a postdoctoral fellow at the Department of Earth Sciences at UNIGE's Faculty of Science and first author of the study. Magmatic fluids are therefore composed partly of water, but also of dissolved volatile elements such as sulphur and chlorine. These two elements are crucial because they extract gold, copper and other metals from the silicate melt into the magmatic fluid, thus facilitating their migration towards the surface.

Several forms of sulphur

Sulphur can easily be reduced or oxidised, i.e. gain or lose electrons, a process known as redox. The redox state of sulphur is important because it affects its ability to bind to other elements, such as metals. However, one debate has divided the scientific community for more than a decade: what is the redox state of the sulphur present in the magmatic fluid that mobilizes and transports metals?

Zoltan Zajacz, associate professor in the Department of Earth Sciences at UNIGE's Faculty of Science and coauthor of the study, explains: "A seminal paper in 2011 suggested that S3- sulphur radicals play this role. However, the experimental and analytical methods had several limitations, particularly when it came to reproducing relevant magmatic pressure-temperature and redox conditions, which we have now overcome.''

Methodological revolution

The UNIGE team placed a quartz cylinder and a liquid with a composition similar to that of a magmatic fluid in a sealed gold capsule. The capsule was then put into a pressure vessel, which was then brought to pressure and temperature conditions characteristic of magmas emplaced in the Earth's upper crust. ''Above all, our setup facilitates flexible control of the redox conditions in the system, which wasn't possible before," adds Stefan Farsang.




During the experiments, the quartz cylinder is fractured, allowing the synthetic magmatic fluid to enter. The quartz then traps microscopic-sized droplets of fluid like those found in nature, and the form of sulphur in these can be analysed at high temperature and pressure by using lasers with an analytical technique known as Raman spectroscopy. While previous spectroscopic experiments were typically run up to 700 degC, the UNIGE team succeeded in raising the temperature to 875 degC characteristic of natural magmas.

Bisulphide as a transporter

The study shows that bisulphide (HS-), hydrogen sulfide (H2S) and sulphur-dioxide (SO2) are the major sulphur species present in the experimental fluids at magmatic temperatures. The role of bisulphide in metal transport was already well documented in lower-temperature so-called hydrothermal fluids that originate from the higher-temperature magmatic fluids. However, bisulfide was thought to have very limited stability at magmatic temperatures. Thanks to their cutting-edge methodology, the UNIGE team was able to show that in magmatic fluids too, bisulphide is responsible for transporting most of the gold.

''By carefully choosing our laser wavelengths, we also showed that in previous studies, the amount of sulphur radicals in geologic fluids was severely overestimated and that the results of the 2011 study were in fact based on a measurement artefact, putting an end to this debate,'' says Stefan Farsang. The conditions leading to the formation of important precious metal ore deposits have now been clarified. Since much of the world's copper and gold production comes from deposits formed by magma-derived fluids, this study may contribute to their exploration by opening up important perspectives for understanding their formation.
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Scientists develop 3D concrete printing method that captures carbon dioxide | ScienceDaily
Scientists at Nanyang Technological University, Singapore (NTU Singapore) have developed a 3D concrete printing method that captures carbon, demonstrating a new pathway to reduce the environmental impact of the construction industry.


						
The innovative method, detailed in the scientific journal Carbon Capture Science & Technology, aims to significantly reduce the carbon footprint of cement -- a material responsible for 1.6 billion metric tonnes of carbon dioxide (CO2) or about eight per cent of global CO2 emissions -- through lower material usage, reduced construction time, and labour requirements.

The newly developed 3D concrete printing process involves injecting steam and CO2, captured as the by-products of industrial processes, into the mixing concrete, which then directly incorporates and stores the CO2 in the concrete structure.

Results have showed that the CO2 and steam injection method improved the mechanical properties of the concrete, offering increased strength compared to conventional 3D printed concrete.

Principal investigator of the study, Professor Tan Ming Jen from NTU School of Mechanical and Aerospace Engineering (MAE), and NTU's Singapore Centre for 3D Printing (SC3DP), said, "The building and construction sector causes a significant portion of global greenhouse gas emissions. Our newly developed 3D concrete printing system offers a carbon reducing alternative by not only improving the mechanical properties of concrete but also contributing to reducing the sector's environmental impact. It demonstrates the possibility of using CO2 produced by power plants or other industries for 3D concrete printing. Since traditional cement emits a lot of carbon, our method offers a way to plough back CO2 through 3D concrete printing."

The research team believes their innovation represents a promising contribution towards achieving global sustainable development goals and reducing the industry's reliance on conventional energy-intensive processes like reinforced concrete construction.

The new development builds on previous 3D printing for construction research by Prof Tan and his team at NTU's SC3DP, as well as international collaborators.




Improved printability, increased strength and more carbon captured

To develop their 3D concrete printing system, the research team connected the 3D printer to CO2 pumps and a jet that sprays steam.

When activated, the system pumps CO2 and steam into the concrete mix as the structure is printed. CO2 reacts with the components in the concrete, turning into a solid form that stays locked inside the material (sequestered and stored). At the same time, steam improves the absorption of CO2 into the 3D printed structure, enhancing its properties.

In lab tests, researchers found the printed concrete structure showed a 50 per cent improvement in printability -- meaning it can be shaped and printed more efficiently.

The structure also displayed better strength and durability. The printed concrete was up to 36.8 per cent stronger in compression (how much weight it can bear) and up to 45.3 per cent stronger in bending (how much it can flex before breaking) compared to regular 3D printed concrete.

Notably, the method is also greener, absorbing and trapping 38 per cent more carbon dioxide compared to traditional 3D printing methods.

First author Lim Sean Gip, PhD candidate from NTU School of MAE, said, "We are at a critical time where the world is accelerating efforts to meet climate change targets. We believe our technology could contribute to making the construction industry more sustainable."

Co-author, Dr Daniel Tay, Research Fellow from NTU School of MAE, said, "Our proposed system shows how capturing carbon dioxide and using it in 3D concrete printing could lead to stronger, more eco-friendly buildings, advancing construction technology."

A US patent application for the innovation has been filed jointly by NTU and collaborators. In future research, the researchers plan to optimise the 3D printing process to make it even more efficient and potentially use waste gases instead of pure carbon dioxide.
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New simulation method sharpens our view into Earth's interior | ScienceDaily
How does the Earth generate its magnetic field? While the basic mechanisms seem to be understood, many details remain unresolved. A team of researchers from the Center for Advanced Systems Understanding (CASUS) at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR), Sandia National Laboratories in the USA and the French Alternative Energies and Atomic Energy Commission (CEA) has introduced a simulation method that promises new insights into the Earth's core. The method simulates not only the behavior of atoms, but also the magnetic properties of materials. The approach is significant for geophysics, but could also support the development of future technologies such as neuromorphic computing -- an innovative approach to more efficient AI systems. The team presents its findings in the journal PNAS.


						
The Earth's magnetic field is essential for sustaining life, as it shields the planet from cosmic radiation and solar wind. It is generated by the geodynamo effect. "We know that the Earth's core is primarily composed of iron," explains Attila Cangi, Head of the Machine Learning for Materials Design department at CASUS. "As you get closer to the Earth's core, both temperature and pressure increase. The increase in temperature causes materials to melt, while the increase in pressure keeps them solid. Because of the specific temperature and pressure conditions inside the Earth, the outer core is in a molten state, while the inner core remains solid." Electrically charged, liquid iron flows around the solid inner core driven by Earth's rotation and convection currents. These movements produce electric currents, which, in turn, generate the planet's magnetic field.

However, important questions about the Earth's core remain unanswered. For instance, what is the exact structure of its core? And what role do additional elements -- thought to be present alongside iron -- play? Both factors could profoundly influence the geodynamo effect. Clues come from experiments where scientists send seismic waves through the Earth and measure their "echoes" with highly sensitive sensors. "These experiments suggest that the core contains more than just iron," says Svetoslav Nikolov from Sandia National Laboratories, lead author of the study. "The measurements do not agree with computer simulations that assume a pure iron core."

Simulating shock waves on the computer

The research team now achieved significant progress by developing and testing a new simulation method. The key innovation of the method called molecular-spin dynamics lies in the integration of two previously separate simulation approaches: molecular dynamics, which models atomic motion, and spin dynamics, which accounts for magnetic properties. "By combining these two methods, we were able to investigate the influence of magnetism under high-pressure and high-temperature conditions on length and time scales that were previously unattainable," emphasizes CEA physicist Julien Tranchida. Specifically, the team simulated the behavior of two million iron atoms and their spins to analyze the dynamic interplay between mechanical and magnetic properties. The researchers also employed artificial intelligence (AI), using machine learning to determine force fields -- interactions between atoms -- with high precision. Developing and training these models required high-performance computing resources.

Once the models were ready, the researchers performed the actual simulations: the digital model of two million iron atoms, representative of the Earth's core, was subjected to the temperature and pressure conditions found in the Earth's interior. This was done by propagating pressure waves through the iron atoms, simulating their heating and compression. When the speed of these shock waves was lower, the iron remained solid and adopted different crystal structures. When the shock waves were faster, the iron became mostly liquid. In particular, the researchers found that magnetic effects significantly affect the material's properties. "Our simulations agree well with the experimental data," says Mitchell Wood, a materials scientist at Sandia National Laboratories, "and they suggest that under certain temperature and pressure conditions, a particular phase of iron could stabilize and potentially affect the geodynamo." This phase, known as the bcc phase, has not been experimentally observed in iron under these conditions, only hypothesized. If confirmed, the results of the molecular-spin dynamics method could help resolve several questions about the geodynamo effect.

Driving energy-efficient AI

Beyond uncovering new details about the Earth's interior, the method also has the potential to drive technological innovations in materials science. Both in his department and through external collaboration, Cangi plans to use the technique to model neuromorphic computing devices. This is a new type of hardware inspired by the way the human brain works, which could one day process AI algorithms faster and more energy-efficiently. By digitally replicating spin-based neuromorphic systems, the new simulation method could support the development of innovative, efficient hardware solutions for machine learning.

Data storage offers a second compelling avenue for further research: Magnetic domains along tiny nanowires could serve as storage media that are faster and more energy-efficient than conventional technologies. "There are currently no accurate simulation methods for either application," says Cangi. "But I am confident that our new approach can model the required physical processes in such a realistic way, that we can significantly accelerate the technological development of these IT innovations."
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It's worth mixing it up: what combination of policies will lead to a clean energy future? | ScienceDaily
How can we ensure that as many households as possible adopt not only solar panels, but also their own battery to store solar energy, a heat pump, and an electric car? Researchers at the Universities of Basel and Geneva have looked into just this question.


						
Climate protection and the energy revolution must continue to make progress, and private households could make a significant contribution to this goal if they would use environmentally friendly technologies such as solar panels, electric vehicles, and heat pumps. Dr. Mart van der Kam and Professor Ulf Hahnel at the University of Basel, Switzerland, conducted research into the political measures that would be necessary to fully realize this potential.

Together with researchers from the University of Geneva, their team first surveyed nearly 1,500 Swiss households on why they decided for or against environmentally friendly technologies. They then fed the data into a dynamic model representing the households and their interactions as a society of decision-makers. This allowed the researchers to test which policy measures best met the needs of the households and would therefore support these technologies being more widely adopted. Their findings recently appeared in Cell Reports Sustainability.

Individual incentives have too little effect

Mart van der Kam acknowledges that increasing competition among manufacturers is making it more affordable and more attractive for consumers to adopt environmentally friendly technologies such as electric cars. However, he says that political measures are necessary to encourage more widespread use of technologies such as solar panels and heat pumps. "It's not individual incentives, but rather the proper mix of political measures that makes a decisive difference," he emphasizes, summarizing their findings.

Subsidies for solar panels or heat pumps, for example, are just one piece of the puzzle. It is also important to remove the barriers that prevent renters from using these technologies. "Until now, the building owners have had to make the investment, but the renters have profited from the reduced energy costs," van der Kam points out. This has made the investment less worthwhile for the owners.

Solutions for renters

The example of solar panels demonstrates how such hurdles for renters can be dismantled via government intervention: for several years now, renters have had the right to install solar panels on their balconies. Van der Kam suggests that policies supporting similar solutions for heat pumps or energy storage might be possible in the future, perhaps in the form of neighborhood batteries that could be supplied with solar energy from multiple buildings or an entire district at once and then used as a power source.

"Nearly two-thirds of Swiss households are renters. This represents an enormous untapped potential that could provide a major step forward toward the energy revolution," says Ulf Hahnel. He argues that interdisciplinary research that not only takes technological innovations into account, but also consumers' various preferences, can identify paths for targeted stimulus packages and structures. "We must bring different disciplines and their methods together to tackle complex and multifaceted challenges such as climate change and the energy revolution," Hahnel emphasizes.
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Blood test could make cancer treatments safer and more effective | ScienceDaily
Scientists from RMIT University and the Doherty Institute have developed a new blood test that could screen cancer patients to help make their treatment safer and more effective.


						
About one in two Australians will be diagnosed with cancer by the age of 85.

The first-of-its-kind test can rapidly assess how effective different polyethylene glycol (PEG) based nanomedicines are at killing cancer cells and minimising side effects using just a drop of blood from people with leukemia, a type of blood cancer.

Nanomedicines comprise tiny particles, much smaller than a cell, that interact with the body in precise ways. These tiny particles are designed to carry drugs directly to diseased cells, such as cancer cells, with the aim of sparing healthy ones.

Nanomedicines including Doxil, Onpattro (patisiran) and Vyxeos have been approved for clinical use in Australia and the United States, while others are emerging but not yet being used in healthcare settings.

Dr Yi (David) Ju, an Australian Research Council DECRA Fellow at RMIT University, led the study with The University of Melbourne's Professor Stephen Kent, a Laboratory Head at the Doherty Institute, in collaboration with Professor Constantine Tam, Head of Lymphoma Service at The Alfred. Tam was at the Peter MacCallum Cancer Centre during the study.

The team's proof-of-concept test is not yet available in clinical settings such as general practices and hospitals, but it could be further developed and rolled out in collaboration with industry partners and government support within the next few years.




The researchers say their innovation, described in ACS Nano, represents a big step forward in understanding how nanomedicines interact with blood cells in leukemia patients.

"Our study sheds light on why some cancer patients respond better to nanomedicine therapies than others," said Ju, from the School of Science.

"By understanding these differences, we can develop more personalised and effective treatments for leukemia patients."

How they conducted the study

The study tested three different PEG-based nanomedicines on the blood of 15 people with leukemia.

The researchers added the nanomedicines separately to blood samples, which were incubated at 37 degrees Celsius for one hour.




"We assessed how well the different nanomedicines targeted cancers in the blood as well as healthy cells," Ju said.

"That way we could determine which therapies were most effective for different people."

The findings

Earlier research by the team indicated that if people developed high levels of anti-PEG antibodies from mRNA vaccines then future mRNA treatments for conditions including cancer may be less effective, as their bodies would clear the therapeutics more quickly. PEG is a commonly used compound in mRNA vaccines.

They also found individual immune responses played a significant role.

"In this latest study, we explored how different nanomedicine formulations work with blood from patients," Ju said.

"We found that differences in people's immune systems affects how well these therapies worked against cancer cells, as well as side effects."

The team observed the difference in anti-PEG antibodies present in each individual's blood samples, Ju said.

"The greater the presence of anti-PEG antibodies in people's blood the less effective these therapies were at killing cancer cells -- in fact, these therapies were more toxic to healthy cells."

Doxil, which is a common nanomedicine used to treat ovarian cancer, AIDS-related Kaposi's Sarcoma, and multiple myeloma, was found to be affected strongly by the anti-PEG antibodies. This means that for some people the therapy was targeting healthy cells involved in the blood's immune response more than cancer cells. The researchers note that Doxil is not used to treat leukemia in clinical settings.

The experiments showed that Doxil was still the most suitable option for some of the individuals tested compared to the other nanomedicines.

The most effective targeted nanoparticle against leukemia was the team's own formulation of pure PEG nanoparticles.

Next steps 

This study will help guide the development of next-generation cancer nanomedicines and improve the selection of patients for personalised treatments.

The findings indicate that simple blood tests could be used to personalise nanoparticle-based therapies not just for people with leukemia but also solid-tumour cancers such as breast and ovarian cancers, Tam said.

"Understanding individual variations in immune response could lead to more effective and safer treatments by tailoring nanoparticle formulations to each patient's unique immune profile," he said.

"Our innovation has strong potential for pharmaceutical companies seeking to develop targeted treatments for previously untreatable cancers," Kent said.

"We are keen to partner with industry leaders to co-develop this technology and expedite its translation into clinical applications," Ju said.
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Breaking barriers: Study uses AI to interpret American Sign Language in real-time | ScienceDaily
Sign language serves as a sophisticated means of communication vital to individuals who are deaf or hard-of-hearing, relying on hand movements, facial expressions, and body language to convey nuanced meaning. American Sign Language exemplifies this linguistic complexity with its distinct grammar and syntax.


						
Sign language is not universal; rather, there are many different sign languages used around the world, each with its own grammar, syntax and vocabulary, highlighting the diversity and complexity of sign languages globally.

Various methods are being explored to convert sign language hand gestures into text or spoken language in real time. To improve communication accessibility for people who are deaf or hard-of-hearing, there is a need for a dependable, real-time system that can accurately detect and track American Sign Language gestures. This system could play a key role in breaking down communication barriers and ensuring more inclusive interactions.

To address these communication barriers, researchers from the College of Engineering and Computer Science at Florida Atlantic University conducted a first-of-its-kind study focused on recognizing American Sign Language alphabet gestures using computer vision. They developed a custom dataset of 29,820 static images of American Sign Language hand gestures. Using MediaPipe, each image was annotated with 21 key landmarks on the hand, providing detailed spatial information about its structure and position.

These annotations played a critical role in enhancing the precision of YOLOv8, the deep learning model the researchers trained, by allowing it to better detect subtle differences in hand gestures.

Results of the study, published in the Elsevier journal Franklin Open, reveal that by leveraging this detailed hand pose information, the model achieved a more refined detection process, accurately capturing the complex structure of American Sign Language gestures. Combining MediaPipe for hand movement tracking with YOLOv8 for training, resulted in a powerful system for recognizing American Sign Language alphabet gestures with high accuracy.

"Combining MediaPipe and YOLOv8, along with fine-tuning hyperparameters for the best accuracy, represents a groundbreaking and innovative approach," said Bader Alsharif, first author and a Ph.D. candidate in the FAU Department of Electrical Engineering and Computer Science. "This method hasn't been explored in previous research, making it a new and promising direction for future advancements."

Findings show that the model performed with an accuracy of 98%, the ability to correctly identify gestures (recall) at 98%, and an overall performance score (F1 score) of 99%. It also achieved a mean Average Precision (mAP) of 98% and a more detailed mAP50-95 score of 93%, highlighting its strong reliability and precision in recognizing American Sign Language gestures.




"Results from our research demonstrate our model's ability to accurately detect and classify American Sign Language gestures with very few errors," said Alsharif. "Importantly, findings from this study emphasize not only the robustness of the system but also its potential to be used in practical, real-time applications to enable more intuitive human-computer interaction."

The successful integration of landmark annotations from MediaPipe into the YOLOv8 training process significantly improved both bounding box accuracy and gesture classification, allowing the model to capture subtle variations in hand poses. This two-step approach of landmark tracking and object detection proved essential in ensuring the system's high accuracy and efficiency in real-world scenarios. The model's ability to maintain high recognition rates even under varying hand positions and gestures highlights its strength and adaptability in diverse operational settings.

"Our research demonstrates the potential of combining advanced object detection algorithms with landmark tracking for real-time gesture recognition, offering a reliable solution for American Sign Language interpretation," said Mohammad Ilyas, Ph.D., co-author and a professor in the FAU Department of Electrical Engineering and Computer Science. "The success of this model is largely due to the careful integration of transfer learning, meticulous dataset creation, and precise tuning of hyperparameters. This combination has led to the development of a highly accurate and reliable system for recognizing American Sign Language gestures, representing a major milestone in the field of assistive technology."

Future efforts will focus on expanding the dataset to include a wider range of hand shapes and gestures to improve the model's ability to differentiate between gestures that may appear visually similar, thus further enhancing recognition accuracy. Additionally, optimizing the model for deployment on edge devices will be a priority, ensuring that it retains its real-time performance in resource-constrained environments.

"By improving American Sign Language recognition, this work contributes to creating tools that can enhance communication for the deaf and hard-of-hearing community," said Stella Batalama, Ph.D., dean, FAU College of Engineering and Computer Science. "The model's ability to reliably interpret gestures opens the door to more inclusive solutions that support accessibility, making daily interactions -- whether in education, health care, or social settings -- more seamless and effective for individuals who rely on sign language. This progress holds great promise for fostering a more inclusive society where communication barriers are reduced."

Study co-author is Easa Alalwany, Ph.D., a recent Ph.D. graduate of the FAU College of Engineering and Computer Science and an assistant professor at Taibah University in Saudi Arabia.
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      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Conserving high-elevation grasslands in Peru is key to protect Andean bears
        Andean bears carefully select the best foraging locations and plants to maximize nutrition and avoid livestock, according to a new study.

      

      
        After lockdown, immune system reacts more strongly to viruses and bacteria
        New research shows that the lockdowns during the COVID-19 pandemic had a significant impact on people's immune response to microorganisms. During the lockdown, inflammation level in the body was low, but afterwards, the immune system reacted more intensely to viruses and bacteria.

      

      
        Massive volcanic eruptions did not cause the extinction of dinosaurs
        While volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite, the ultimate cause of the dinosaur extinction event, impacted.

      

      
        New evidence on the relationship between moderate wine consumption and cardiovascular health
        Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicenter study. The study is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.

      

      
        Lost score revives sound of music and voices from centuries past
        A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago. Scholars have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century. Researchers say the tantalizing discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survi...

      

      
        Carnivorous squirrels documented in California
        California ground squirrels hunt, kill and eat voles, reveals a new study documenting evidence of widespread carnivorous behavior among squirrels.

      

      
        Microplastics in the air may be leading to lung and colon cancers
        Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that researchers suspect may be causing respiratory and other illnesses.

      

      
        Potentially harmful bacteria slip through antimicrobial showerheads
        To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But researchers now report that these fixtures are no 'silver bullet.' In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.

      

      
        Nature's instructions: How fungi make a key medicinal molecule
        Researchers have decoded the genetic blueprint of Penicillium citrinum, a common citrus mold, to uncover how nature produces cyclopentachromone -- a key building block for bioactive compounds with potential in cancer and inflammation treatments. The team identified a previously unknown enzyme, IscL, that creates a highly reactive sulfur-containing intermediate, offering new insights into fungal chemistry. This discovery could pave the way for novel pharmaceuticals by harnessing nature's molecular...

      

      
        Phytochromes: The 'eyes' that enable microalgae to find their way in the depths
        The phytoplankton that populate oceans are known to play a key role in marine ecosystems and climate regulation. Like terrestrial plants, they store atmospheric CO2, and produce half of our planet's oxygen via photosynthesis. However, the mechanisms that control their distribution remain poorly understood.

      

      
        Building a backbone: Scientists recreate the body's 'GPS system' in the lab
        Scientists have generated human stem cell models which contain notochord -- a tissue in the developing embryo that acts like a navigation system, directing cells where to build the spine and nervous system (the trunk).

      

      
        Syphilis had its roots in the Americas
        A research team has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.

      

      
        How loss of urban trees affects educational outcomes
        Economists looked at test scores and school attendance for Chicago-area kids before and after a bug infestation wiped out the city's ash trees. Education outcomes for low-income students went down, highlighting how the impacts of ecosystem degradation are disproportionately felt by disadvantaged communities.

      

      
        Using drones, researchers assess the health of humpback whale mother-calf pairs across the Pacific Ocean
        Biologists used drone imagery to understand how nursing humpback whale mothers and their calves fare as they cross the Pacific Ocean. Recent declines in North Pacific humpback whale reproduction and survival of calves highlight the need to understand how mother-calf pairs expend energy across their migratory cycle.

      

      
        'Bad' bacteria can trigger painful gut contractions; new research shows how
        A new study shows how one kind of bacteria, Vibrio cholerae, triggers painful intestinal contractions by activating the immune system. The research also finds a more general explanation for how the gut rids itself of unwanted intruders, which could also help scientists better understand chronic conditions like inflammatory bowel disease.

      

      
        Wildfire surges in East, Southeast US fueled by new trees and shrubs
        The eastern U.S. has more trees and shrubs than three decades ago. This growth, driven by processes such as tree and understory infilling in unmanaged forests, is helping fuel wildfires, contributing to changing fire regimes in the eastern half of the country, according to a new study.

      

      
        The social cost of carbon, a crucial tool for setting climate policy, omits key effects
        The social cost of carbon -- an important figure global policymakers use to analyze the benefits of climate and energy policies -- is too low, finds a new study.

      

      
        More calories -- more consumption: Individuals with and without obesity both prefer high-calories food, study finds
        Higher calorie foods were preferred among individuals with and without obesity despite similar taste and texture, according to a new study.

      

      
        Prehistoric rock in Japan reveals clues to major ocean anoxic event
        Researchers analyzed radioisotopes in layers of fossilized volcanic ash. Decay of uranium to lead within tiny crystals enabled scientists to precisely pinpoint dates for certain events. They determined this event occurred 119.5 million years ago -- coincident with evidence for massive volcanic eruptions -- and lasted for 1.1 million years. Study results help scientists better understand links between atmospheric CO2 levels, climate changes and conditions in the oceans.

      

      
        Images of crucial cell receptors show promising new drug targets
        New research combines two powerful imaging techniques to study the complete structure of a common aGPCR, including how its long and complex extracellular region interacts with the transmembrane region embedded in the cell surface. The different positions and movements of the extracellular region appear to be an important way to activate the receptor.

      

      
        Significant advancement made in engineering biology and clean energy
        Engineers have reported a significant advancement in engineering biology and clean energy. A team of researchers has developed an innovative light-driven hybrid nanoreactor that merges natural efficiency with cutting-edge synthetic precision to produce hydrogen -- a clean and sustainable energy source.

      

      
        Is fake meat good to eat? Processed plant-based meat alternatives linked to depression risk in vegetarians
        Researchers found that vegetarians who consumed PBMAs had a 42% increased risk of depression compared to vegetarians who refrained from PBMAs.

      

      
        The longevity factor Foxo3 mediates 'unfit' cell elimination to ensure healthy body construction
        Researchers have revealed some of the precise mechanisms by which erroneous cells are recognized, marked for removal, and eliminated via apoptosis in developing zebrafish. Notably, they found that the protein Foxo3 may be a universal marker of cell competition in zebrafish and mice. These findings have important implications for congenital disorders, cancer, and aging, and may lead to novel treatments.

      

      
        Salmon genes unlock secrets of puberty and evolution
        A study shows how a single gene in Atlantic salmon can dramatically influence the timing of puberty -- a key factor for salmon life cycle and survival.

      

      
        Travelers weigh in on weight-based airfares for eco-friendly skies
        The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the e...

      

      
        Study shows drop in use of antiviral medications in young children with influenza
        Despite national medical guidelines supporting the use of antiviral medications in young children diagnosed with influenza, a recent study reports an underuse of the treatment.

      

      
        Study maps bed bugs' genomes in unprecedented detail to find out why they just won't die
        Near-gap-free and near-error-free genomes of a susceptible bed bug strain and a superstrain with around 20,000-fold insecticide resistance offer the broadest look yet at the full scope of mutations driving their resilience.

      

      
        Hyperspectral imaging lidar system achieves remote plastic identification
        New technology could remotely identify various types of plastics, offering a valuable tool for future monitoring and analysis of oceanic plastic pollution. A new hyperspectral Raman imaging lidar system can remotely detect and identify various types of plastics, which could help address the critical issue of plastic pollution in the ocean by providing better tools for monitoring and analysis.

      

      
        Researchers explore carbon capture in fish farms to address climate change
        Scientists are exploring a new model for carbon capture in low-oxygen aquatic environments, such as fisheries, that will help address rising global temperatures and could potentially be cost-effective.

      

      
        Training solar panels to dance with the wind
        Researchers propose a unique numerical decision-making framework for solar panel protection against extreme weather conditions. The framework combines advanced wind simulations with machine learning to optimize individual solar panel angles under strong winds. Unlike previous methods, this new method treats panels as independent decision-makers and identifies creative, data-driven solutions to reduce stress, significantly outperforming current safeguards.

      

      
        Scientists find a vulnerability in antibiotic resistance mechanism
        Superbugs, bacteria that are immune to multiple antibiotics, pose a great challenge to modern medicine. Researchers have now identified a weakness in the bacterial machinery that drives antibiotic resistance adaptation.

      

      
        Discouraged zebrafish help reveal how ketamine works in the brain
        By taking advantage of a 'giving up' behavior exhibited by zebrafish, the ability to image the fish's entire brain, and a unique virtual reality system, a team of researchers found where ketamine acts in the zebrafish brain: at supporting cells called astroglia, rather than neurons.

      

      
        Corals depend on near neighbors to reproduce
        A new study reveals corals must be within only a few meters of each other to successfully reproduce, leaving them vulnerable in a warming world.

      

      
        Shrubs can help or hinder a forest's recovery after wildfire
        When and where to plant tree seedlings to restore forests after wildfires has a lot to do with shrubs, finds a new study.

      

      
        Electric vehicle transition could create unwanted air pollution hotspots in China and India
        New research has uncovered a potential unintended consequence of the electric vehicle transition in India and China, finding that sulfur dioxide emissions could actually increase over current levels if the countries were to fully onshore their electric vehicle supply chains. The overwhelming majority of those emissions would come from refining and manufacturing nickel and cobalt -- important minerals for today's electric vehicle batteries.

      

      
        Threat of abrupt mortality events keeps endangered monkey population at risk, despite decades of growth
        Despite the population being almost four times larger than it was in 1982, a new study published in the journal Ecology suggests the northern muriqui monkeys remain at risk, especially in the face of ongoing habitat disturbances.

      

      
        Detailed bedbug genome analysis may improve pesticides
        Scientists now have a better genetic understanding of the insect. The research offers an updated genome analysis of the common bedbug Cimex lectularius, providing new insight for those working to prevent bedbug infestation, develop remediation strategies and track pesticide resistance.

      

      
        Across southeastern US, weedy rice steals herbicide resistance from crop rice
        A new study shows that more than half of the weedy rice sampled in the rice-growing region of the southeastern U.S. has become herbicide resistant.

      

      
        New study finds marine animals save energy by swimming in a depth 'sweet spot'
        Researchers have found that marine animals across mammals, birds and reptiles swim at similar relative depths when traveling and not feeding to save energy.

      

      
        Making the most of Switzerland's wood
        Sustainable, renewable and good for the climate: Wood is the material of the future. But how much of it do we actually have and how do we make best use of it? Researchers have now analyzed the material flows of wood in Switzerland in detail -- and discovered untapped opportunities.

      

      
        Unlocking the journey of gold through magmatic fluids
        When one tectonic plate sinks beneath another, it generates magmas rich in volatiles such as water, sulphur and chlorine. As these magmas ascend, they release magmatic fluids, in which sulphur and chlorine bind to metals such as gold and copper, and transport these metals towards the surface of the Earth. As the extreme conditions relevant to natural magmas are very difficult to reproduce in the laboratory, the precise role of the different forms of sulphur in metal transport remains highly debat...

      

      
        Scientists develop 3D concrete printing method that captures carbon dioxide
        Scientists have developed a 3D concrete printing method that captures carbon, demonstrating a new pathway to reduce the environmental impact of the construction industry.

      

      
        New simulation method sharpens our view into Earth's interior
        How does the Earth generate its magnetic field? While the basic mechanisms seem to be understood, many details remain unresolved. A team of researchers has introduced a simulation method that promises new insights into the Earth's core. The method simulates not only the behavior of atoms, but also the magnetic properties of materials. The approach is significant for geophysics, but could also support the development of future technologies such as neuromorphic computing -- an innovative approach t...

      

      
        It's worth mixing it up: what combination of policies will lead to a clean energy future?
        How can we ensure that as many households as possible adopt not only solar panels, but also their own battery to store solar energy, a heat pump, and an electric car? Researchers have looked into just this question.

      

      
        Flavonoid powerhouse: Kaempferol's role in taming allergic responses
        Food allergies affect millions of people worldwide, and flavonoids are promising natural compounds to help modulate the immune response and treat inflammation caused by these allergies. In a recent study, researchers have identified that kaempferol, a flavonoid, produces an anti-inflammatory effect through regulatory T-cell development. This occurred through increased RADLH2 expression in dendritic cells via AhR-mediated and PU.1/IRF-4 dependent mechanisms. Additionally, kaempferol suppressed sev...

      

      
        Researchers find previously unknown links between microbial bile acids and the risk of colon cancer
        Microbes living in our guts help us digest food by reshaping the bile acids that our livers produce for breaking down fats. It turns out that two of these microbially-modified bile acids may affect our risk -- in opposite directions -- for developing colon cancer. The link between these bile acids and colon cancer risk was recently uncovered as scientists sought to better understand the relationship between gut microbes and our bodies.

      

      
        Scientists can now predict how climate change will alter plant growth cycles
        On February 2, 1887, residents of Punxsutawney Pennsylvania consulted a large rodent regarding the arrival of spring, marking the first official celebration of Groundhog Day. Our ability to predict the timing of seasons hasn't improved much since then, but a new study is set to make seasonal forecasting a lot more reliable.

      

      
        New research about drought impacts on wildlife can inform conservation strategies
        New research shows that many wildlife species in the U.S., like the endangered giant kangaroo rat, will face much more frequent and severe droughts in the future. By 2050-2080, year-long droughts could happen almost five times as often, and three-year droughts almost seven times as often compared to past decades. These changes will require animals to adapt significantly. Scientists have identified areas with high biodiversity and high risk that can help managers focus attention for conservation e...

      

      
        Bioengineered yeast microbes as targeted drug delivery systems
        Researchers have developed a groundbreaking way to engineer yeast (Saccharomyces cerevisiae) to create microbial communities that can perform complex tasks and self-regulate their composition in response to external signals.

      

      
        Study assesses virulence of Cryptococcus strains, laying groundwork for improved treatment
        A lab has completed a six-year study to examine the virulence of 38 clinical isolates from various strains of Cryptococcus.
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Conserving high-elevation grasslands in Peru is key to protect Andean bears | ScienceDaily
Andean bears carefully select the best foraging locations and plants to maximize nutrition and avoid livestock, according to a study publishing December 18, 2024, in the open-access journal PLOS ONE by Nicholas Pilfold at the San Diego Zoo Wildlife Alliance in California, U.S., and colleagues.


						
Andean bears, also known as 'spectacled bears' because of the white markings encircling their eyes, are endemic to the Andes. They are listed as vulnerable by the IUCN and are threatened by habitat loss, climate change, and conflict with humans. Flowering plants called bromeliads form a major part of their diet, but little is known about their foraging behavior and feeding preferences across the mixture of cloud forest and grassland habitats within their range.

Researchers conducted surveys of two species of bromeliad (Puya leptostachya and Puya membranacea) in high-altitude grasslands, called 'puna', in and around Manu National Park in Peru. They recorded the location of each plant and whether there was evidence of consumption by Andean bears (Tremarctos ornatus), through observations of dug up, partially eaten stalks, a characteristic feeding sign of the bears.

Trail cameras confirmed that Andean bears were present at the survey locations. However, the surveys showed that the bears were foraging in just 16.7% of available bromeliad patches. Andean bears were more likely to forage for bromeliads in the dry season when there were young, tender plants available, which are likely easier for them to digest and more nutritious. The bears preferred to eat P. leptostachya plants growing on east-facing, steep slopes of puna grassland at the forest's edge. They rarely foraged for bromeliads outside the national park, where livestock like cattle are grazed.

The results suggest that Andean bears actively seek out bromeliads in locations where they feel safe from human disturbance. Although the bears avoided areas with livestock, they foraged in locations that had been grazed by livestock only a few decades ago. This behavioral flexibility may help them to regain lost territory quickly with help from targeted conservation measures. High-altitude grasslands bordering cloud forest are key habitats for Andean bears and conservation managers should consider how livestock impact this important ecosystem, the authors say.

The authors add: "Using the largest collection ever of field data on the feeding behavior of Andean bears in high elevation grasslands, we found that the bears actively selected for specific food resources within the grasslands, indicating that these areas are of nutritional importance to the bears. We also found Andean bears strongly avoided areas with livestock impacts to the grasslands, but that the cessation of livestock keeping restored the grasslands into areas Andean bears prefer within a short timeframe."
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After lockdown, immune system reacts more strongly to viruses and bacteria | ScienceDaily
Research from Radboud university medical center shows that the lockdowns during the COVID-19 pandemic had a significant impact on people's immune response to microorganisms. During the lockdown, inflammation level in the body was low, but afterwards, the immune system reacted more intensely to viruses and bacteria. The results are now published in Frontiers of Immunology.


						
In this study, the researchers examined the effects of various health measures introduced during the pandemic, such as lockdowns and vaccinations. The study was conducted in a large cohort of people living with HIV, as well as in healthy individuals. The researchers found that inflammation biomarkers in the blood were low during the lockdown for people in both groups. However, when they exposed immune cells from the blood to microorganisms like viruses and bacteria in the lab, the immune system reacted much stronger than immune cells of individuals outside the lockdown.

Hygiene Hypothesis

As a possible explanation for this strong immune reaction, Professor Mihai Netea from Radboud university medical center points to the hygiene hypothesis. This hypothesis suggests that regular contact with microorganisms is beneficial because it keeps the immune system both active and tolerant at the same time. A lack of exposure to environmental factors might contribute to an immune system that overreacts, potentially leading to systemic reactions such as those encountered in inflammatory diseases and allergies.

Netea: 'In our daily lives, we are constantly exposed to various micro-organisms. This helps train our immune system, teaching it to recognize which microorganisms are dangerous and which are harmless. During the lockdown, we missed that interaction because everyone stayed home and avoided each other. As a result, during and immediately after the lockdown periods, immune cells exposed to micro-organisms displayed a less well-regulated response, predisposing to hyperinflammation.'

Study Design

This research was made possible through a large study on people with HIV, initiated by Radboudumc and three other HIV treatment centers in the Netherlands. Recruitment for the study took place between October 2019, just before the COVID-19 pandemic, and October 2021. A total of 1,895 people with HIV are participating in this study, which is part of a broader research project on immune system function and the diversity of immune responses.




The study participants were divided into four groups:
    	368 individuals enrolled before the pandemic
    	851 individuals enrolled after the lockdown, but before vaccination or a COVID-19 infection
    	175 individuals who had contracted a COVID-19 infection
    	404 vaccinated individuals

In the lab, the researchers measured the level of inflammation in the participants' blood. They also examined the interaction between isolated blood cells and viruses and bacteria.

Subsequently, the findings were validated in cohort of 30 healthy individuals tested during or after the lockdown period. Professor Andre van der Ven: 'The results of this study primarily reflect people living with HIV, but we also examined a healthy control group. We saw similar results in this group, suggesting the effects may apply to the wider population. However, more research is needed for this group.'

Awareness of Impact

The study also revealed that vaccines and a COVID-19 infection influenced the immune system's response, but these effects were relatively small and short-lived, Netea explained, and were negligible compared to the impact of the lockdowns on the immune system. Netea: 'Lockdowns were necessary during the pandemic, especially at the beginning. However, it is important that we gain more insight into how social interactions affect and activate our immune system, so we can better manage the consequences. This way, we can apply such drastic social measures effectively and safely in a future pandemic.'
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Massive volcanic eruptions did not cause the extinction of dinosaurs | ScienceDaily
Massive volcanic eruptions on the Indian peninsula have long been proposed as an alternative cause for the demise of the dinosaurs. This phase of active volcanism took place in a period just before the Earth was struck by a meteorite, 66 million years ago. The effect of these volcanic eruptions on the Earth's climate has been topic of fierce scientific debates for decades. Now, climate scientists from Utrecht University and the University of Manchester show that, while the volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite impacted. The scientists therefore conclude that the meteorite impact was the ultimate cause of the dinosaur extinction event.


						
What killed off the dinosaurs -- was it the Chicxulub meteorite or did the effects of massive volcanism also play a role? Many modern children's books on the history of dinosaurs include speculation on these two competing ideas.

The meteorite impact in the Gulf of Mexico roughly 66 million years ago is well researched and widely known as the defining end of the dinosaur age. But earth scientists have fiercely debated for decades whether a massive outpouring of lava on the Indian continent, which occurred both prior to and after the meteorite impact, also contributed to the demise of dinosaur populations roaming the Earth. These volcanic eruptions released vast amounts of CO2, dust, and sulphur, thereby significantly altering the climate on earth -- but in different ways and on different timescales to a meteorite impact.

Ancient peats

A new publication in the scientific journal Science Advances by climate scientists from Utrecht University and the University of Manchester now provides compelling evidence that while the volcanic eruptions in India had a clear impact on global climate, they likely had little to no effect on the mass extinction of the dinosaurs.

By analysing fossil molecules in ancient peats from the United States of America, the scientific team reconstructed air temperatures for the time period covering both the volcanic eruptions and the meteorite impact. Using this method, the researchers show that a major volcanic eruption occurred about 30,000 years before the meteor impact, coinciding with at least a 5deg Celsius cooling of the climate. They also conclude that this cooling was likely the result of volcanic sulphur emissions blocking sunlight from reaching the Earth's surface.

Importantly, the scientists discovered that by around 20,000 years before the meteorite impact, temperatures on Earth had already stabilised and had climbed back to similar temperatures before the volcanic eruptions started. This period of global warming was likely aided by volcanic CO2 emissions, says Lauren O'Connor at Utrecht University: "These volcanic eruptions and associated CO2 and sulphur release would have had drastic consequences for life on earth. But these events happened millennia before the meteorite impact and probably played only a small part in the extinction of dinosaurs."

Impact winter




With the effects of volcanism practically ruled out, this would leave the Chicxulub meteorite impact as the primary cause of the dinosaur mass extinction. "By comparison, the impact from the asteroid unleashed a chain of disasters, including wildfires, earthquakes, tsunamis, and an 'impact winter' that blocked sunlight and devastated ecosystems. We believe the asteroid that ultimately delivered the fatal blow," says Rhodri Jerrett at the University of Manchester.

The fossil peats that the researchers analysed contain specific membrane-spanning molecules produced by bacteria. The structure of these molecules changes depending on the temperature of their environment. By analysing the composition of these molecules preserved in ancient sediments, scientists are able to calculate past temperatures. O'Connor adds: "This way, we were able to create a detailed 'temperature timeline' for the years leading up to the dinosaur extinction, which we can compare to the fossil record to understand the relative timing of events.."

The researchers from Utrecht University, the University of Manchester, Plymouth University, and the Denver Museum of Nature & Science, are now applying the same approach to reconstruct past climate at other critical periods in Earth's history.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/12/241218174832.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New evidence on the relationship between moderate wine consumption and cardiovascular health | ScienceDaily
Light and moderate consumption of wine is associated with a lower risk of cardiovascular complications, according to a multicentre study led by researchers from the University of Barcelona, the Hospital Clinic and the August Pi i Sunyer Biomedical Research Institute (IDIBAPS), the Physiopathology of Obesity and Nutrition Networking Biomedical Research Centre (CIBEROBN) and the University of Navarra (UNAV). The study, published in the European Heart Journal, is based on the analysis of a biomarker of wine intake -- specifically, tartaric acid, present in grapes. It was carried out in 1,232 participants in the PREDIMED project, a major scientific epidemiological study in nutrition on the effects of the Mediterranean diet on cardiovascular health.


						
According to the researchers, "there is no doubt that excessive alcohol consumption has serious health consequences. However, the effects of moderate and responsible wine consumption are still the subject of debate in the scientific community. The results of this study and others should help to place moderate wine consumption in its rightful place as an element of the Mediterranean diet, considered to be the healthiest in the world."        

The principal authors of the study are the researcher Ines Dominguez, from the UB's Faculty of Pharmacy and Food Sciences and the Nutrition and Food Safety Research Institute (INSA); Professor Ramon Estruch, from the UB's Faculty of Medicine and Health Sciences and IDIBAPS; Rosa Maria Lamuela, professor and ICREA Academia, and member of INSA, and Professor Miguel Angel Martinez, from the University of Navarra (UNAV); all members of CIBEROBN.

       Controversy over the effects of wine

Today, there is much controversy about the health effects of moderate consumption of alcoholic beverages in general and wine in particular. Ramon Estruch stresses that "part of this debate is due to conflicting results of studies that have pointed to a protective effect of wine, while others have found no such effect." These differences could be explained by possible errors in wine consumption records. "Epidemiological studies assessing the role of wine in the rate of cardiovascular events are often based on self-reported information on wine consumption. These are reliable data, but subject to measurement errors due to inaccurate recall or biased perceptions about the social desirability of drinking alcoholic beverages," he explains. In response to this problem, the researchers in this study measured wine consumption by means of food intake frequency surveys, which they confirmed with an objective biomarker: the concentration found in urine of tartaric acid, a molecule produced mainly in grapes and rarely synthesized by other plant species.

While excessive alcohol consumption has serious health consequences, a new multicentre study provides new evidence that drinking between half a glass of wine and a full glass of wine a day could help reduce the risk of heart problems.

A reduction from 38% to 50%

Using this methodology, the study analysed wine consumption and cardiovascular outcomes in a cohort of PREDIMED patients. In total, 1,232 participants were evaluated, including 685 who had a cardiovascular event (cardiovascular death, myocardial infarction, stroke or heart failure) and 625 who were randomly selected.




Analysis of the data shows that light wine consumption (between one glass per week and less than half a glass per day) reduces the risk of having a cardiovascular complication by 38%, but this reduction reaches 50% when consumption is moderate (between half a glass and one glass per day). However, when consumption exceeds one drink per day, the protective effect disappears. The researchers also warn that "when we talk about moderate wine consumption, it is always with meals, never between meals."

More studies to confirm the results        

Despite these conclusions, Ines Dominguez points out that "the observational design of the study limits the ability to establish causality," and the experts point out that more research is needed: "The results of cohort studies should always be confirmed for greater certainty." In this regard, they point to two potential avenues for action. The first would involve the design of randomized nutritional intervention studies, by randomly assigning participants to groups with different wine consumption. "These are very expensive studies to conduct. There is one underway now, but the results will still take four to five years," they add. The second would be to study the mechanisms of these protective effects of wine on the cardiovascular system, such as research on the anti-inflammatory power of wine polyphenols -- such as resveratrol and other phenolic compounds. "Knowing the mechanisms gives a lot of plausibility to the results of epidemiological cohort studies," they conclude.    
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Lost score revives sound of music and voices from centuries past | ScienceDaily
A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago.


						
Scholars from Edinburgh College of Art and KU Leuven in Belgium have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century.

Researchers say the tantalising discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survives from the northeast of Scotland from this period.

The scholars made the discovery in a copy of The Aberdeen Breviary of 1510, a collection of prayers, hymns, psalms and readings used for daily worship in Scotland, including detailed writings on the lives of Scottish saints. Known as the 'Glamis copy' as it was formerly held in Glamis Castle in Angus, it is now in the National Library of Scotland in Edinburgh.

Despite the musical score having no text, title or attribution, researchers have identified it as a unique musical harmonisation of Cultor Dei, a night-time hymn sung during the season of Lent.

The Aberdeen Breviary came from an initiative by King James IV who issued a Royal Patent to print books containing orders of service in accordance with Scottish religious practices, rather than needing to rely on importing texts from England or Europe.

The researchers say the composition is from the Aberdeenshire region, with probable links to St Mary's Chapel, Rattray -- in Scotland's far northeastern corner -- and to Aberdeen Cathedral.




The discovery was made as researchers examined numerous handwritten annotations in the margins of the Glamis copy.

Of primary interest to the scholars was a fragment of music -- spread over two lines, the second of which is approximately half the length of the first -- on a blank page in a section of the book dedicated to Matins, an early morning service.

The presence of the music was a puzzle for the team. It was not part of the original printed book, yet it was written on a page bound into structure of the book, not slipped in at a later date, which suggests that the writer wanted to keep the music and the book together.

In the absence of any textual annotations on the page it was not clear whether the music was sacred, secular or even for voices at all, the researchers say.

After investigation they deduced it was polyphonic -- when two or more lines of independent melody are sung or played at the same time. Sources from the time say this technique was common in Scottish religious institutions, however very few examples have survived to the present day.

Looking closer, one of the team members realised that the music was a perfect fit with a Gregorian chant melody, specifically that it was the tenor part from a faburden, a three- or four-voice musical harmonization, on the hymn Cultor Dei.




David Coney, of Edinburgh College of Art, who discovered the identity of the music, said: "Identifying a piece of music is a real 'Eureka' moment for musicologists. Better still, the fact that our tenor part is a harmony to a well-known melody means we can reconstruct the other missing parts. As a result, from just one line of music scrawled on a blank page, we can hear a hymn that had lain silent for nearly five centuries, a small but precious artefact of Scotland's musical and religious traditions."

As well as uncovering lost sounds within its pages, researchers have also traced how the Aberdeen Breviary may have been used, and by whom, over its long history. At one time used as the private service-book of the illegitimate son of a high-ranking chaplain at Aberdeen Cathedral, himself a rural priest, it would later become a treasured family heirloom of a Scottish Catholic whose travels led him from post-Reformation Scotland to the capitals of the Habsburg and Ottoman Empires.

Lead author, Dr Paul Newton-Jackson, of KU Leuven, said: "The conclusions we have been able to draw from this fragment underscore the crucial role of marginalia as a source of new insights into musical culture where little notated material survived. It may well be that further discoveries, musical or otherwise, still lie in wait in the blank pages and margins of other sixteenth century printed books held in Scotland's libraries and archives."

In 2023, Dr Newton-Jackson was also a post-doctoral fellow at the University of Edinburgh's Institute for Advanced Studies in the Humanities.

Dr James Cook, of Edinburgh College of Art, said: "For a long time, it was thought that pre-Reformation Scotland was a barren wasteland when it comes to sacred music. Our work demonstrates that, despite the upheavals of the Reformation which destroyed much of the more obvious evidence of it, there was a strong tradition of high-quality music-making in Scotland's cathedrals, churches and chapels, just as anywhere else in Europe."

The study is published in the Journal Music and Letters.
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Carnivorous squirrels documented in California | ScienceDaily
A ground squirrel with cheeks stuffed with nuts, seeds or grains, is a common sight. But a new study provides the first evidence that California ground squirrels also hunt, kill and eat voles. The study, led by the University of Wisconsin-Eau Claire and University of California, Davis, is the first to chronicle widespread carnivorous behavior among squirrels.


						
Published in the Journal of Ethology, the study fundamentally changes our understanding of ground squirrels. It suggests that what was considered a granivorous species actually is an opportunistic omnivore and more flexible in its diet than was assumed.

The observations occurred in 2024 -- the 12th year of the Long-term Behavioral Ecology of California Ground Squirrels Project conducted at Briones Regional Park in Contra Costa County. Out of 74 observed interactions with voles between June and July, 42% involved active hunting of these small rodents by ground squirrels.

"This was shocking," said lead author Jennifer E. Smith, an associate professor of biology at UW-Eau Claire who leads the long-term ground squirrels project with Sonja Wild of UC Davis. "We had never seen this behavior before. Squirrels are one of the most familiar animals to people. We see them right outside our windows; we interact with them regularly. Yet here's this never-before-encountered-in-science behavior that sheds light on the fact that there's so much more to learn about the natural history of the world around us."

Wild has observed hundreds of squirrels in nature and yet, even for her, when the undergraduate students came in from field work and told her what they had witnessed, she said, "No, I'm not sure what you're referring to." Then she watched the video.

"I could barely believe my eyes," said Wild, a postdoctoral research fellow in the UC Davis Environmental Science and Policy department. "From then, we saw that behavior almost every day. Once we started looking, we saw it everywhere."

Opportunists amid rapid change

Through videos, photos and direct observations at the regional park, the authors documented California ground squirrels of all ages and genders hunting, eating and competing over vole prey between June 10 and July 30. The squirrels' carnivorous summer behavior peaked during the first two weeks of July, coinciding with an explosion of vole numbers at the park reported by citizen scientists on iNaturalist. This suggests the squirrels' hunting behavior emerged alongside a temporary increase in the availability of prey, the study said. The scientists didn't observe the squirrels hunting other mammals.




"The fact that California ground squirrels are behaviorally flexible and can respond to changes in food availability might help them persist in environments rapidly changing due to the presence of humans," Wild said.

Smith added that many species, including the California ground squirrel, are "incredible opportunists." From raccoons and coyotes to spotted hyenas and humans, the flexibility these mammals apply to their hunting strategies help them change and adapt with the human landscape.

"Through this collaboration and the data coming in, we're able to document this widespread behavior that we had no idea was going on," Smith said. "Digital technology can inform the science, but there's no replacement for going out there and witnessing the behavior because what animals are doing always surprises us."

The researchers said many questions remain unanswered, including how widespread hunting behavior is among squirrels, whether and how it is passed down from parent to pup, and how it effects ecological processes. The authors are also excited to return to the field next summer to see what impact, if any, this year's vole hunting may have on squirrel reproduction compared to the past decade.

Coauthors include Joey Ingbretson, Mackenzie Miner, Ella Oestreicher, Mari Podas, Tia Ravara, Lupin Teles and Jada Wahl of UW-Eau Claire and Lucy Todd of UC Davis.

Several coauthors conducted field work during their undergraduate studies. Their work was partly funded by the Ronald E. McNair Postbaccalaureate Achievement Program, Diversity Mentoring Program and Summer Research Experience for Undergraduates. Additional funding sources include the Swiss National Science Foundation and the Vicki Lord Larson and James Larson Tenure-track Time Reassignment Collaborative Research Program.
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Microplastics in the air may be leading to lung and colon cancers | ScienceDaily
Tires and degrading garbage shed tiny pieces of plastic into the air, creating a form of air pollution that UC San Francisco researchers suspect may be causing respiratory and other illnesses.


						
A review of some 3,000 studies implicates these particles in a variety of serious health problems. These include male and female infertility, colon cancer and poor lung function. The particles also may contribute to chronic pulmonary inflammation, which can increase the risk of lung cancer.

"These microplastics are basically particulate matter air pollution, and we know this type of air pollution is harmful," said Tracey J. Woodruff, PhD, MPH, a professor of obstetrics, gynecology and reproductive sciences at UCSF.

Woodruff directs the Program on Reproductive Health & the Environment (PRHE) and is the senior author of the study, which appears Dec. 18 in the journal Environmental Science & Technology.

Small particles, big problem

Microplastics are less than 5 millimeters -- smaller than a grain of rice -- and they are ubiquitous in the environment. Each year, companies around the world produce nearly 460 million metric tons of plastic. That is projected to reach 1.1 billion by 2050.

A major source of plastic in the air is driving. Friction wears down tires along with the road surface, sending plastic fragments into the air.




The paper is the first systematic review of microplastics using gold standard methods approved by the National Academy of Sciences.

Most of the studies in the review were based on animals. But the researchers said the conclusions likely also apply to humans since they share many of the same exposures.

The study expands on a report the researchers worked on last year with the California State Policy Evidence Consortium (CalSPEC). The Consortium includes experts across the UC system and provides evidence for policymakers in the California State Legislature.

"We urge regulatory agencies and policy leaders to consider the growing evidence of health harms from microplastics, including colon and lung cancer," said Nicholas Chartres, PhD.

Chartres, the study's first author, led the science and policy team at PRHE and is now at the University of Sydney. "We hope state leaders will take immediate action to prevent further exposures."
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Potentially harmful bacteria slip through antimicrobial showerheads | ScienceDaily
To guard against harmful waterborne pathogens, many consumers, including managers of health-care facilities, install antimicrobial silver-containing showerheads. But in ACS ES&T Water, researchers now report that these fixtures are no "silver bullet." In real-world showering conditions, most microbes aren't exposed to the silver long enough to be killed. However, the composition of rare microbes in water from these showerheads varied with each type of fixture tested.


						
The stream of droplets and fine mist that form during a shower could be inhaled or swallowed. Installing showerheads containing silver -- a naturally antimicrobial metal -- is a cost-effective way to potentially protect against drinking water-associated pathogens (DWPIs). DWPIs, such as the strains Pseudomonas and Legionella, can cause infections in people with compromised immune systems. However, researchers have previously reported that reducing DWPI by adding copper and silver to a building's water system to eliminate bacteria and viruses (i.e., copper-silver ionization) is a temporary or minor fix. The copper-silver ionization study results have raised concerns in the scientific community that short-term silver exposure in showerheads could fortify microbes instead and increase the risk of antimicrobial resistance, rather than curb it. So, Sarah-Jane Haig and colleagues wanted to see how showerheads containing silver affected the microbial composition of the water.

The team compared two conventional showerheads made of either plastic or metal with three fixtures that contained silver -- as a silver mesh within the showerhead, a silver-coated copper mesh in the showerhead and hose, or as a silver-embedded polymer composite. The showerheads were run in Haig's full-scale shower lab facility, which was developed to mimic real-world conditions.

Contrary to the antimicrobial claims of manufacturers, silver did not reduce overall DWPI concentrations or total bacteria in water samples in the researchers' shower lab. Haig and her team reasoned that this is a result of differences in their testing conditions versus those of the manufacturers'. More specifically, in this study the water came out of the showerhead in a quick rush, as would happen when someone takes a shower. However, the standard tests used by manufacturers expose microbe cultures to the silver material alone for 16 to 24 hours, which the team says is not an appropriate timeframe or a realistic scenario.

Although the overall pathogen concentration in the water samples didn't vary between standard and silver showerheads, the composition of the microbiome did. The populations were different for each of the silver-containing fixtures, which suggests that the way the silver was incorporated into the showerheads mattered, and rare microbes accounted for most of the differences. Further experiments by the team suggest that microbes in the silver-containing showerheads could be more prone to forming microbial communities called biofilms in response to the stressful environment. In addition, biofilms might explain the association between the number of different species and showerhead age, say the researchers, because these communities are reservoirs for DWPIs.

"These findings underscore the need for improved testing standards, real-world performance evaluation, and innovative solutions to mitigate microbial risks in water systems, benefiting consumers and vulnerable populations," says Haig.

The authors acknowledge funding from the National Science Foundation. 
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Nature's instructions: How fungi make a key medicinal molecule | ScienceDaily
For roughly a century, ever since Alexander Fleming's accidental discovery of penicillin in 1928, fungi have proven to be a goldmine for medicines. They've provided treatments for a wide range of diseases, from infections and high cholesterol to organ rejection and even cancer.


						
However, the process by which fungi synthesize some of their most potent compounds remains opaque. This is especially true of cyclopentachromone, a key building block in fungal products whose derivatives have shown promise in fighting cancer and reducing inflammation, among other medicinal properties.

Reading Nature's Instructions

While chemists have made progress in creating chromone derivatives in the lab, the molecule's distinctive structure has proven difficult to precisely and reliably copy. "It's very easy to wind up with a version where the chemical bonds aren't in the right place, or the structure is flipped," says Sherry Gao, Presidential Penn Compact Associate Professor in Chemical and Biomolecular Engineering (CBE) and in Bioengineering (BE).

In a new paper in Journal of the American Chemical Society, members of the Gao Lab describe how they deciphered nature's own instructions -- namely, the genes of Penicillium citrinum, a mold commonly found on citrus fruits -- to discover a previously unreported enzyme that catalyzes the creation of cyclopentachromone-containing compounds.

"Nature has had billions of years to develop pathways for creating these compounds," says Gao, the paper's senior author. "Now we can borrow nature's tools to develop and study these compounds further, which could potentially lead to the development of new pharmaceuticals."

A Molecular Puzzle

Part of what makes cyclopentachromone unique is its distinctive structure, which includes a trio of carbon rings, two with six carbons, and one with five carbons. Like the scaffold used to erect a building, this series of rings provides the structural foundation for numerous bioactive molecules.




However, one of cyclopentachromone's known chemical precursors has an additional carbon, forming three rings of the same size. Exactly how nature changes that chemical to one with a different ring structure, when such rings are normally stable, has never been described before.

Elucidating the process required systematically turning genes on and off in P. citrinum until the pathway was disrupted, making clear which genes coded for the enzyme at work. "It was like having to test hundreds of light switches to see which one operates a particular bulb," says Qiuyue Nie, a postdoctoral fellow in the Gao Lab and the paper's first author.

As the researchers discovered, a different intermediary compound, 2S-remisporine A, which is produced by the newly identified enzyme, IscL, has a sulfur atom hanging off one side of the three-ring structure, like the hitch on the back of a truck.

From Mold to Medicine 

That high degree of reactivity is the source of cyclopentachromone's medicinal versatility: just as a truck can pull many different types of attachments, from wagons to boats, the carbon-sulfur bond in 2S-remisporine A can combine with a wide range of other groups, yielding a diverse array of molecules. "This intermediary compound is highly reactive," says Nie. "The carbon-sulfur bond can react with different sulfur donors to produce a lot of new compounds."

The fact that 2S-remisporine A is so reactive and will combine with various molecules, even itself, explains why this precursor has never been fully identified before. "We could never invent how to make such a reactive intermediate compound," says Nie. "We had to learn how nature makes it, then leverage those enzymatic tools ourselves."

The researchers hope that future work will walk this newly discovered pathway using the genetic map that guides it to further advance the use of fungal compounds in medicine. "Nature has an incredible toolbox," says Gao. "This paper shows us how one of those tools is made."




This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and supported by the National Institute of Health (R35GM138207) and a startup fund provided by the University of Pennsylvania.

Additional co-authors include Chunxiao Sun, Shuai Lu and Maria Zotova of Penn Engineering and Qiang Li and Tong Zhu of East China Normal University.
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Phytochromes: The 'eyes' that enable microalgae to find their way in the depths | ScienceDaily
The phytoplankton that populate oceans are known to play a key role in marine ecosystems and climate regulation. Like terrestrial plants, they store atmospheric CO2, and produce half of our planet's oxygen via photosynthesis. However, the mechanisms that control their distribution remain poorly understood.


						
By studying the light perception process of diatoms, a group of phytoplankton, scientists from the CNRS and Sorbonne University1,2discovered that these microalgae use light variation sensors which are codified in their genomes: phytochromes. These photoreceptors enable them to detect changes in the light spectrum in the water column, thereby providing information regarding their vertical position within it. This function is especially important in turbulent aquatic environments subject to substantial water mixing -- such as high latitude, temperate, and polar regions -- in order to adjust their biological activity, in particular photosynthesis. By analysing environmental genomic data from marine sampling campaigns by TaraOceans, the team observed that only diatoms from the zones beyond the Tropics of Cancer and Capricorn possess phytochromes. These zones, which are characterised by distinct seasonality including major differences in day length, suggest that phytochromes enable the diatoms equipped with them to measure the passage of time through the seasons.

This study, which appears in Nature on 18 December 2024, sheds new light on the mechanisms by which phytoplankton detect and respond to light to find their way in their environment. It also highlights the importance of integrated approaches, both in the laboratory and in the natural environment, for understanding the complex dynamics of marine ecosystems and the ability of organisms to adapt to environmental change.

1- Working at the Chloroplast Biology and Light-sensing in Microalgae Laboratory (CNRS/Sorbonne University) at the Institute of Physico-Chemical Biology (CNRS), in collaboration with the Institute of Biology of the Ecole normale superieure (CNRS/INSERM/ENS-PSL).

2- Collaborative project with the TaraOcean Foundation, a major actor in gathering genomic environmental data, and the Zoological Station Anton Dohrn of Naples for its biological oceanography approaches, with the support of the Bettencourt Schueller Foundation and the Dynamo Labex.
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Building a backbone: Scientists recreate the body's 'GPS system' in the lab | ScienceDaily

The work, published today in Nature, marks a significant step forward in our ability to study how the human body takes shape during early development.

The notochord, a rod-shaped tissue, is a crucial part of the scaffold of the developing body. It is a defining feature of all animals with backbones and plays a critical role in organising the tissue in the developing embryo.

Despite its importance, the complexity of the structure has meant it has been missing in previous lab-grown models of human trunk development.

In this research, the scientists first analysed chicken embryos to understand exactly how the notochord forms naturally. By comparing this with existing published information from mouse and monkey embryos, they established the timing and sequence of the molecular signals needed to create notochord tissue.

With this blueprint, they produced a precise sequence of chemical signals and used this to coax human stem cells into forming a notochord.

The stem cells formed a miniature 'trunk-like' structure, which spontaneously elongated to 1-2 millimetres in length. It contained developing neural tissue and bone stem cells, arranged in a pattern that mirrors development in human embryos. This suggested that the notochord was encouraging cells to become the right type of tissue at the right place at the right time.




The scientists believe this work could help to study birth defects affecting the spine and spinal cord. It could also provide insight into conditions affecting the intervertebral discs -- the shock-absorbing cushions between vertebrae that develop from the notochord. These discs can cause back pain when they degenerate with age.

James Briscoe, Group Leader of the Developmental Dynamics Laboratory, and senior author of the study, said: "The notochord acts like a GPS for the developing embryo, helping to establish the body's main axis and guiding the formation of the spine and nervous system. Until now, it's been difficult to generate this vital tissue in the lab, limiting our ability to study human development and disorders. Now that we've created a model which works, this opens doors to study developmental conditions which we've been in the dark about."

Tiago Rito, Postdoctoral Fellow in the Developmental Dynamics Laboratory, and first author of the study, said: "Finding the exact chemical signals to produce notochord was like finding the right recipe. Previous attempts to grow the notochord in the lab may have failed because we didn't understand the required timing to add the ingredients.

"What's particularly exciting is that the notochord in our lab-grown structures appears to function similarly to how it would in a developing embryo. It sends out chemical signals that help organise surrounding tissue, just as it would during typical development."
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Syphilis had its roots in the Americas | ScienceDaily
A research team led by members of the Max Planck Institute for Evolutionary Anthropology has taken a crucial step towards resolving a long-standing controversy -- was syphilis introduced to Europe from the Americas at the end of the 15th century, or had it been there all along? Ancient pathogen genomes from skeletons that pre-date 1492 confirm its introduction from the Americas, but its world-wide spread remains a grim legacy of the colonial period.


						
In spring 1495, the Italian campaign of Charles VIII of France was interrupted by an intense outbreak of an apparently unknown illness -- a disease of high mortality that quickly engulfed the whole of Europe and left its survivors with life changing impairments to their bodies and minds. This documented epidemic is now interpreted to be the first historical account of syphilis.

The origin of syphilis is the subject of a decades-long debate. The late 15th century outbreak occurred shortly after the return of Columbus and his crew from their early expeditions to the Americas, which led some to believe that contact with new lands and people may have had something to do with the sudden disease onset. Though many communicable diseases made a westward journey from Europe to the Americas during the early colonial period where they imparted devastating consequences on indigenous groups, syphilis is one of the few that possibly made the reverse journey. This "Columbian theory" for syphilis has gained popularity over the years, but still has its critics. Its simple narrative starts to unravel when experts turn their attention to lesions seen in bones from Medieval Europe. Both long-term sufferers and those born with an infection can develop changes in their bones or teeth, and over the past several decades, a number of such skeletons have been found in Europe that predate 1492. Many now believe the history of syphilis in Europe began long before Columbus, and the late 15th century pandemic happened for reasons independent of new contacts. But neither theory has been confirmed.

Analyzing five ancient pathogen genomes

Pathogen DNA retrieved from archaeological bone has the potential to tip the scales in support of one theory over another. It has already told us volumes about the deep history of plague, tuberculosis, leprosy, and smallpox, though unthreading the history of syphilis has proven more challenging. "Several genomes from the syphilis family have been reconstructed from archaeological bone, but these haven't been able to address core questions related to the pre- or post-Columbian theories surrounding syphilis," says Kirsten Bos, group leader for molecular paleopathology at the Max Planck Institute for Evolutionary Anthropology.

A new study led by Bos and Johannes Krause, director of the Department of Archaeogenetics at the Max Planck Institute for Evolutionary Anthropology in Leipzig, has taken a critical step toward resolving this debate. Working with scientists and archaeologists from several countries in the Americas, the study focused on archaeological bone from these regions, where infections that left lesion patterns similar to syphilis are apparent from deep time periods. "We've known for some time that syphilis-like infections occurred in the Americas for millennia, but from the lesions alone it's impossible to fully characterize the disease," comments Casey Kirkpatrick, a postdoctoral researcher and paleopathologist who contributed to the current study. Bone pathology also cannot tell us whether the disease originated in the Americas, or if it came from Asia deep in our past and merely accompanied groups during the early peopling events of the Americas some 15,000 years ago.

Using state of the art techniques, the team was able to recover and analyze five ancient genomes of the syphilis disease family from Mexico, Chile, Peru, and Argentina. Computational microbiologist and postdoctoral researcher Lesley Sitter undertook the task of putting together the ancient molecular puzzles and adds "while preservation posed some analytical challenges, we were able to confidently determine the relationships between these extinct forms and the strains that impact global health today."

Syphilis family of diseases in the Americas pre-dates "Columbus"




Syphilis is part of a small family of diseases that also includes yaws and bejel, both classified as neglected tropical diseases that are found in equatorial regions across the globe. Postdoctoral researcher Rodrigo Barquera has worked previously with archaeological bone from colonial Mexico, and has confirmed the presence of both syphilis and yaws in Mexico City by the 17th century. Drawing upon the latest ancient genomic data, it is now clear that the Americas were a hub for ancient diversity within this disease group before the arrival of Columbus. "We see extinct sister lineages for all known forms of this disease family, which means syphilis, yaws, and bejel are the modern legacies of pathogens that once circulated in the Americas," asserts Barquera.

"The data clearly support a root in the Americas for syphilis and its known relatives, and their introduction to Europe starting in the late 15th century is most consistent with the data," adds Bos. Subsequent to this, an explosion in cases of syphilis and yaws seems to have occurred around AD 1,500. This is likely behind the breadth and intensity of the 16th century outbreak in Europe, whose global spread was facilitated by human trafficking networks and European expansions across the Americas and Africa in the decades and centuries that followed. "While indigenous American groups harboured early forms of these diseases, Europeans were instrumental in spreading them around the world," she concludes.

With support for an American origin of syphilis, how does the current narrative square up with the evidence of syphilis-like bone lesions that many claim to have identified in pre-1492 Europe? "The search will continue to define these earlier forms, and ancient DNA will surely be a valuable resource," comments Krause. "Who knows what older related diseases made it around the world in humans or other animals before the syphilis family appeared."
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How loss of urban trees affects educational outcomes | ScienceDaily
It's well established that urban tree cover provides numerous environmental and psychological benefits to city dwellers. Urban trees may also bolster education outcomes and their loss could disproportionately affect students from low-income families, according to new research by University of Utah social scientists.


						
Economics professor Alberto Garcia looked at changes in school attendance and standardized test scores at schools in the Chicago metropolitan region over the decade after a non-native beetle called the emerald ash borer appeared in North America, eventually killing millions of ash trees along the streets and yards of Midwestern cities. His results are both alarming and insightful, revealing a complex interplay between environmental degradation and social inequities.

Linking tree loss to education

The study analyzes how the loss of tree cover influenced education outcomes in the Chicago metropolitan region, which was hit hard by the infestation. Ash had been the region's most common non-invasive tree species, accounting for 18% of its street trees, or about 85,000 trees. Between 2010 and 2020 Chicago lost half its standing ash, with the remaining half already dead or in decline, according to the Morton Arboretum.

The study tracked changes in student performance on a standardized test administered to 3rd- through 8th-graders in Illinois, from 2003 to 2012.

"We found that test scores in areas with ash borer infestations were reduced after the onset of those infestations relative to unaffected areas that were similar," Garcia said.

"We also looked at heterogeneity in the income distribution, and we found that schools with more low-income students were less likely to experience infestations. These neighborhoods have less tree cover, so there is less likelihood that ash borer is going to establish," he continued. "We don't think that the low-income students in unaffected areas are impacted, but the low-income students at these impacted schools seem to be affected more than better-off students at these same schools."

The results were reported this month in the journal Global Environmental Change. The study was co-authored by ecologist Michelle Lee, who recently joined the School of Environment, Society & Sustainability as a professor in the Utah's College of Social & Behavioral Science after completing a postdoctoral fellowship at Penn State.




Prior research shows students in neighborhoods with greater tree cover see better test scores. A recent study by U sociologists and geographers, for example, demonstrated how low-income Utah neighborhoods have less tree canopy near their schools. Meanwhile, schools with greater tree cover had fewer students testing below proficient on year-end math and language arts exams.

Generally speaking, better education outcomes could simply be a function of these leafy neighborhoods' higher incomes, Garcia noted.

"Our study is trying to come a little closer to establishing a causal link," Garcia said. "We used this natural experiment of the emerald ash borer beetle being introduced and then idiosyncratically spreading around the different neighborhoods in the Chicago metropolitan area."

To conduct the study, Garcia and Lee built a novel dataset, combining satellite imagery with Illinois' standardized testing data and emerald ash borer survey efforts.

"We got kind of lucky that the state of Illinois was administering this standardized test in that same window when the ash borer first arrived in the area," Garcia explained. "Every school in Illinois was taking the same test, so we had consistent data across schools and through time."

Disparate impacts on students

Instead of merely reaffirming the tree cover-test score correlation, Garcia and Lee were able to track changes in school attendance and scores on standardized tests as the beetle infestation ran its course, laying waste to Chicago's ash trees over the span of a decade.




The study identified a 1.22% reduction in the number of students meeting or exceeding Illinois' standardized testing benchmarks in areas hit by the ash borer. This seemingly modest drop carries significant implications when scaled across the entire student population.

"We found that schools with more low-income students were less likely to experience infestations because these neighborhoods have less tree cover," Garcia noted. "But the low-income students at wealthier schools, where infestations were more common, seemed to bear the brunt of the impacts."

Speculating on the mechanisms driving these effects, Garcia noted loss of tree cover could exacerbate urban heat islands, increase air pollution, and diminish the psychological and physiological benefits that greenery provides.

"Some possible explanations are just that those students don't have the same resources to go home and recover from, for example, extreme temperatures or pollution-induced headaches the same way that higher-income students at the same schools might have," Garcia said.

Low-income students may also spend more time outdoors in their neighborhoods or remain longer near the school, increasing their exposure to degraded environmental conditions. Conversely, wealthier students might commute from more distant areas or have access to climate-controlled environments that mitigate these impacts.

Environmental justice implications

The findings highlight how environmental changes disproportionately affect vulnerable populations. While low-income neighborhoods were less likely to lose tree cover, low-income students -- particularly those attending wealthier schools -- suffered setbacks when infestations occurred.

"It's not just about access to environmental amenities," Garcia said. "It's about understanding how their absence can create inequities that ripple through critical aspects of life, like education."

The study underscores the importance of urban forestry initiatives and invasive species management. Efforts to maintain and restore tree cover could play a vital role in mitigating environmental and social disparities. Garcia's work also opens the door for further exploration into how ecosystem changes shape human outcomes, particularly in urban settings where environmental inequities are stark.
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Using drones, researchers assess the health of humpback whale mother-calf pairs across the Pacific Ocean | ScienceDaily

The team used drone imagery to measure calf growth and maternal body condition days after calf birth in Hawaii, and they then compared these measurements to the body conditions of humpback females in the Alaska feeding grounds, measuring pregnant and lactating females as well as humpback females whose reproductive status was unknown.

"We used drone-based photogrammetry to quantify the body size and condition of humpback whales on their Hawaiian breeding and Southeast Alaskan feeding grounds," explains Martin van Aswegen, MMRP PhD candidate and lead author of the study. "A total of 2,410 measurements were taken from 1,659 individuals, with 405 repeat measurements from 137 lactating females used to track changes in maternal body volume over migration."

The research shows that larger females produced larger, faster-growing calves. Over a 6-month period, lactating females decreased in body volume by an average of about 17%, whereas the calves' body volume increased by nearly 395% and their length increased by almost 60%. In Hawaii, the team discovered that on average, humpback whale mothers lose nearly 214 pounds of blubber per day. Over a 60-day period, this is equivalent to losing roughly 50 tons of krill, or 25 tons of Pacific herring. Mother humpbacks in Hawai'i lost 20% of their body volume over 60 days of lactation, and the energy they used lactating surpassed the total energetic cost of their year-long pregnancies.

In the Southeast Alaskan feeding grounds, lactating humpback mothers were found to have the slowest rates of weight gain compared to non-lactating females, gaining about 32 pounds each day. Comparatively, pregnant and nonpregnant females gained weight at six and two times the rate of the lactating females, respectively.

"For me, the surprising part of this study was our ability to find the same individual mothers and calves over great distances and time periods," shares van Aswegen. "For example, we obtained 405 repeat measurements from 137 lactating females in Hawai'i and Southeast Alaska, with eight of those mother-calf pairs measured in both locations within the same year. To measure the same whales over 3,000 miles apart over a period of roughly 200 days is truly remarkable and provides such valuable data for the questions we were asking."

In Hawai'i, humpback whales are important cultural, economic, educational, and environmental pillars. Studies document a 76.5% decline in mother-calf encounter rates in Hawaii between 2013-2018, with birth rates declining by 80% from 2015 to 2016. In the SE Alaskan feeding ground, research reveals total reproductive failure in 2018, with calf survival decreasing tenfold from 2014 to 2019. These observations coincided with the longest lasting global marine heatwave, which shifted food webs and reduced availability of prey throughout the North Pacific. It is believed that humpback whales were unable to acquire sufficient food in their feeding grounds, resulting in nutritional stress and notable declines in reproduction and abundance.




This new study by MMRP refines our understanding of the energetic requirements for humpback whales to produce offspring, and it also highlights the important role Hawai'i holds as a critical breeding habitat. We now know that humpback whales are highly vulnerable during stages of early calf growth and lactation, which means it will be essential to carefully manage these waters. This information is key for considering how human activities could adversely impact not just humpback whale mother-calf pairs, but the survival of the humpback whale species.

"This work forms the basis for future studies investigating the energetic demands on humpback whales," emphasizes Lars Bejder, MMRP director and co-author of the study. "Our humpback whale health database, comprising 11,000 measurements of 8,500 individual whales in the North Pacific, is being used across several projects within the Marine Mammal Research Program and abroad. These data become even more powerful when used in conjunction with fine-scale behavior and movement data (from biologging tags); reproductive and stress hormone data (from tissue and breath samples); and tissue data derived from post-mortem events. These studies will be used to better predict the resilience of large baleen whale species in the face of threats, including disturbance, entanglement, vessel collision, and climate change."

Understanding and protecting humpback whales is a shared effort, requiring close partnership.

"Our ability to track individual humpback whales across thousands of miles and over months speaks to the power of collaboration," notes Jens Currie, MMRP PhD candidate, Chief Scientist at Pacific Whale Foundation, and co-author of the study. "This study showcases how teamwork across disciplines and institutions helps us uncover the intricate relationships between maternal health, calf growth, and environmental stressors. Such partnerships are vital as we strive to protect humpback whales and their habitats amidst a changing climate."
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'Bad' bacteria can trigger painful gut contractions; new research shows how | ScienceDaily
After a meal of questionable seafood or a few sips of contaminated water, bad bacteria can send your digestive tract into overdrive. Your intestines spasm and contract, efficiently expelling everything in the gut -- poop and bacteria alike.


						
A new study from the University of Oregon shows how one kind of bacteria, Vibrio cholerae, triggers those painful contractions by activating the immune system. The research also finds a more general explanation for how the gut rids itself of unwanted intruders, which could also help scientists better understand chronic conditions like inflammatory bowel disease.

"This isn't a specific nefarious activity of the Vibrio bacteria," said Karen Guillemin, a microbiologist at the UO who collaborated on the work with biophysicist Raghu Parthasarathy. "The gut is a system where the default is, when there's damage, you flush."

The research was led by Julia Ngo, a now-graduated doctoral student in Guillemin and Parthasarathy's labs, and published Nov. 22 in the journal mBio.

Vibrio cholerae is best known for causing cholera, a severe illness that infects millions of people per year, often via contaminated water. A related Vibrio species is frequently linked to food poisoning from shellfish.

In past work, Parthasarathy's lab has shown that Vibrio cholerae bacteria amped up the strength of gut contractions in zebrafish. These fish, which are transparent as larvae, are a powerful tool for studying the dynamics of microbes in the gut because scientists can visualize what's happening in real time.

The team pinned the effect on a sword-like surface appendage that Vibrio bacteria usually use as a weapon against other microbes. Disarming the bacteria calmed the gut contractions -- but they weren't sure how or why.




The key, they show in this new research, is a type of immune cell called a macrophage.

Normally, macrophages tamp down the activity of neurons in the gut, keeping them calm and allowing things to move through the gut at a normal speed. But in response to tissue damage from the bacteria, the macrophages leave their posts and flock to the site of calamity, leaving the neurons unattended. Without macrophages to keep things in check, the neurons end up in overdrive, triggering strong contractions.

"It's amazing how dynamic all these cells are, the macrophages racing across the fish, the neurons and muscles pulsing with activity," Parthasarathy notes. "Without the ability to observe these phenomena in live animals, tracking cells and measuring gut contractions, we wouldn't have figured any of this out."

Those enhanced gut contractions are beneficial for the host, whether zebrafish or human.

"If the macrophages have to go deal with an injury, then it actually makes a lot of sense for the neurons to freak out and just push everything out of the gut," Guillemin said. "If there's something in the gut that's causing injury, you want to get it out of there."

The gut flushing is probably beneficial for the bacteria, too, giving them speedy access to new hosts. But Guillemin cautions against giving too much agency to microbes. The fact that Vibrio's weaponry against other bacteria also triggers this strong intestinal response probably isn't an exquisite adaptation, she said, but rather a convenient coincidence.

The study also highlights how cross talk between the immune and nervous systems might play an underappreciated role in gut health, Parthasarathy suggested. Deciphering how microbes influence that cross talk might give scientists new insights into a range of puzzling diseases.

This work was supported by the National Science Foundation and the National Institutes of Health.
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Wildfire surges in East, Southeast US fueled by new trees and shrubs | ScienceDaily
The eastern U.S. has more trees and shrubs than three decades ago. This growth, driven by processes such as tree and understory infilling in unmanaged forests, is helping fuel wildfires, contributing to changing fire regimes in the eastern half of the country, according to a new study.


						
Some parts of the eastern and southeastern United States have experienced a tenfold increase in the frequency of large wildfires over the last forty years, with Texas and the Appalachians seeing the largest increase. However, the Northeast lacked a tie between woody plant growth and large wildfires.

Wildfires thrive on woody vegetation such as trees and shrubs. The new analysis of wildfire and vegetation data shows that the eastern U.S. has seen a 37% increase in woody cover over the last 30 years. In some regions, high levels of woody cover are linked directly to a higher risk of large wildfires over the same period.

The research "is helping us narrow in on regional drivers and focus our efforts to preemptively get ahead of the growing wildfire problem here in the eastern U.S.," said Victoria Donovan, a landscape ecologist at the University of Florida who was the senior author on the study.

The study was published in Geophysical Research Letters, an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

Research has shown that woody cover growing in new places or thickening within forests is directly linked to increased wildfire risk in western and central parts of the country. But whether this is true out East has yet to be explored.

To test this, Donovan and her graduate student Michaella Ivey collected data on all wildfires between 1991 and 2021 that were at least 200 hectares -- around 500 football fields -- or larger in eastern states. They then looked where trees and shrubs were growing in the eastern U.S over the same period. To determine if woody cover influenced wildfire risk, the researchers compared the amount of woody cover within wildfire perimeters to what would be expected if wildfires were distributed at random.




The analysis revealed a strong link between woody cover and large wildfire occurrence -- but only in some parts of the country. Across the eastern temperate forest, a region that makes up nearly half of the United States, each 1% increase in woody cover led to an overall 3.9% increase in the odds of a wildfire the next year. The link between woody cover and wildfire risk was strongest in eastern Texas and in and around the Appalachian Mountains.

However, the researchers found no link between woody cover and wildfire risk in the Northeast and across some parts of the Mississippi River valley. This finding "prompts all sorts of questions about what other factors are influencing the system," Ivey said.

Cooler and wetter conditions in the Northeast, and to some extent the Mississippi River valley, may create conditions less conducive to wildfire. However, many Northeastern ecoregions could not be included in the study due to a low number of wildfires that were large enough to meet the study's size requirements. Wildfires in these areas may stay small because of agricultural fragmentation, the researchers said.

Because woody vegetation wasn't tied to wildfire increase consistently throughout the study area, climate change, human actions, or a combination of the two could be more important for wildfires than vegetation in some places. But overall, the research suggests that reducing fuels is a good tactic for reducing wildfire risk in the east, Donovan said.

More prescribed fires may be necessary in southern states as climate change is expected to make the southeast drier, and potentially more prone to wildfires, the researchers caution. This research shows a path forward for states and individuals to help reduce wildfire risk in the future.

"Using fuel management to reduce wildfire risk is a lot more actionable than changing the climate pattern in the short term," Donovan said, "though addressing climate change will likely be crucial for reducing wildfire risk in the east in the long term."
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The social cost of carbon, a crucial tool for setting climate policy, omits key effects | ScienceDaily
The social cost of carbon -- an important figure that global policymakers use to analyze the benefits of climate and energy policies -- is too low, according to a study led by the University of California, Davis.


						
The study, published today in the journal Proceedings of the National Academy of Sciences (PNAS), shows that current estimates for the social cost of carbon, or SCC, fail to adequately represent important channels by which climate change could affect human welfare. When included, the SCC increases to just over $280 per ton of CO2 emitted in 2020 -- more than double the average published in the academic literature. The study's estimate is also larger than the U.S. Environmental Protection Agency's central estimate of $190 per ton of CO2.

"When people worry about climate change, they worry about the risk and uncertainty it causes," said lead author Frances Moore, an associate professor in the Department of Environmental Science and Policy at UC Davis. "They worry about long-term, persistent accumulating effects, such as climate change acting as a drag on economic growth. They worry about impacts to very unique natural systems or cultural heritage that are just irreplaceable. Those are what keep people up at night about climate change, and those are not fully included in SCC estimates currently used for policymaking."

Climate change and the damage done

The social cost of carbon quantifies the damage a ton of carbon dioxide has on society and the economy, including food production, human health, property damage due to natural disasters, and impacts to natural systems. Estimates of the SCC are used widely in policy analysis, particularly to value the benefits of reducing greenhouse gas emissions. The United States, Germany, Canada and several states all have official SCC estimates used for policy making.

Most current government estimates, the study said, are incomplete and likely underestimate the benefits of reducing greenhouse gas emissions. This is because they omit some important ways climate change can affect human welfare, including via economic growth or effects on unique natural systems.

The study combines evidence from both the published literature and a survey of experts to fully integrate these elements into the SCC estimate, providing the most comprehensive assessment of SCC estimates to date.




Accounting for omissions

For the study, the authors synthesized 1,800 SCC estimates from the academic literature over the past 20 years and found a wide range of published values averaging $132 per ton of CO2.

The scientists also conducted an expert survey with the authors of the literature, who said they thought the true value of the SCC was likely twice as large as the average of published values. Experts attribute this to a range of omissions in the academic literature, including limited representation of climate tipping points, effects on scarce ecosystems, or climate impacts with long-lived effects on the economy such as impacts on economic growth.

The authors then used machine learning to re-weight the literature, partially correcting some of the omissions identified by experts and using more recent evidence on discount rates. This produced a distribution of the 2020 SCC with a mean of $283 per ton of CO2 and an interquartile range of $97 to $369.

The study states: "Incorporating climate costs into the prices of economic activities that emit greenhouse gases, either directly through carbon pricing or indirectly through emission regulation or subsidies of cleaner alternatives, is essential for averting the worst climate outcomes."

The study's coauthors are Moritz Drupp from the University of Hamburg, James Rising from the University of Delaware, Simon Dietz from the London School of Economics and Political Science, Ivan Rudik from Cornell University, and Gernot Wagner from Columbia Business School.
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More calories -- more consumption: Individuals with and without obesity both prefer high-calories food, study finds | ScienceDaily
Higher calorie foods were preferred among individuals with and without obesity despite similar taste and texture, according to a study published December 17 in the open-access journal PLOS Biology by Albino Oliveira-Maia from the Champalimaud Foundation, Portugal, and colleagues.


						
Eating sends signals to the brain with information about a food's energy content, which can influence food preferences irrespective of flavor. People with obesity often have impairments in areas of the brain where dopamine is released, which may drive reward-related eating and a preference for energy-dense foods rich in fat and sugars. Weight loss due to bariatric surgery has been associated to a normalization of reward-related eating with a shift of preferences toward healthier options, but the underlying mechanisms are not well understood.

In this study, after examining a large group of healthy volunteers, researchers compared food preferences in three groups: 11 individuals with obesity, 23 post-bariatric surgery patients, and 27 non-obese control subjects. They gave participants sweetened low-fat yogurt with and without maltodextrin (a carbohydrate that adds calories to the yogurt with no impact on taste or texture). Participants ate the yogurt at home, alternating between the maltodextrin-containing and -free yogurt. All three groups ate more of the maltodextrin-containing yogurt, despite rating both as equally pleasant. Somewhat unexpectedly, the effects of maltodextrin on yogurt consumption were similar in individuals with obesity relative to their non-obese counterparts.

The study also used radioactive iodine labeling and single photon emission computed tomography to visualize dopamine receptors in the brain. Consistent with previous studies, individuals with obesity had lower dopamine receptor availability than non-obese controls. Dopamine receptor availability was similar in the surgical and non-obese groups and was associated with more restrained eating. These results suggest that obesity-related brain changes can be reversed after bariatric surgery, potentially impacting the amount of food consumed but not necessarily the types of food preferred.

The authors add, "We were very intrigued that, while behavior was guided towards eating yoghurts with higher energy-content, this did not seem to be a result of explicit choices, since consistent changes in pleasantness of flavors enriched with carbohydrates were not found. Importantly, this behavior was maintained in patients with obesity and after weight-loss surgery, even though there were important differences in their brain dopaminergic system."
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Prehistoric rock in Japan reveals clues to major ocean anoxic event | ScienceDaily
By studying prehistoric rocks and fossils emerging from the side of Mount Ashibetsu in Japan, researchers have precisely refined the timing and duration of Ocean Anoxic Event 1a (OAE 1a), an extreme environmental disruption that choked oxygen from Earth's oceans to cause significant extinction, especially among plankton.


						
Researchers have long suspected that massive volcanic eruptions undersea caused carbon dioxide (CO2) increases, global warming and depleted oxygen (called anoxia) in the ocean during the Mesozoic Period. Now, an international team of researchers, including Northwestern University Earth scientists, determined the precise timing of the volcanic eruption and OAE1a, which started 119.5 million years ago. The work adds to a growing volume of evidence that volcanic CO2 emissions directly triggered the anoxic event.

The new study also determined that OAE 1a lasted for just over 1.1 million years. This new information helps scientists better understand how the Earth's climate and ocean system operates and responds to stress -- especially as it relates to current warming.

The study was published late last month in the journal Science Advances. It marks the most detailed and highly resolved dating of an ocean anoxic event ever achieved.

"Ocean anoxic events occur in part as a consequence of climatic warming in a greenhouse world," said Northwestern's Brad Sageman, a senior author of the study. "If we want to make accurate predictions about what we will see in the decades ahead with human-caused warming, this information is invaluable. The best way to understand the future is to look at data from the past."

An expert on ancient climates, Sageman is a professor of Earth, Environmental and Planetary Sciences at Northwestern's Weinberg College of Arts and Sciences and a co-director of the Paula M. Trienens Institute for Sustainability and Energy.

A Northwestern connection

The Cretaceous Period experienced two major and several minor ocean anoxic events, with OAE 1a as one of the two largest. The most likely cause: volcanic eruptions rapidly injected massive amounts of CO2 into the ocean and atmosphere. These aren't ordinary volcanoes but large igneous provinces that erupt up to a million cubic kilometers of basalt over several millions of years. When CO2 reacts with seawater, it forms a weak carbonic acid, which literally dissolves sea creatures' shells. The acid, combined with low oxygen levels, has significant consequences for sea life.




Researchers first began pondering ocean anoxic events in the mid-1970s, after a discovery by Northwestern geologist Seymour Schlanger and Oxford professor Hugh Jenkyns. When examining sediment samples from the Pacific Ocean floor, Schlanger and Jenkyns discovered black, organic carbon-rich shales that matched samples -- in composition and age -- from both the Atlantic Ocean and rock formations in Italy.

Widespread lack of oxygen was the most likely explanation for these deposits. Anoxia prevents the breakdown of organic matter from dead plants and animals, leading to a global pattern of organic enrichment. Instead of decomposing, the settling plankton and other fossils accumulated to form organic carbon-rich strata scattered around the globe.

"How were black shales forming at the same time in the deep oceans and up on land?" Sageman asked. "Schlanger and Jenkyns realized there must have been a massive global event that caused oxygen to decrease from the ocean surface all the way down to the seafloor."

History solidified in stone

In the new study, researchers looked not to the depths of the oceans but to ancient strata along the northwest edge of a mountain on Japan's Hokkaido Island. The rocks, or tuffs, formed from volcanic ash that settled and solidified over time. Tectonic activity lifted these layers above sea level during formation of the Japanese islands, leaving them exposed and accessible where streams carve through the temperate rainforest of Hokkaido. By collecting and analyzing the tuffs, Sageman, his Ph.D. student, Luca Podrecca, and their collaborators gained a glimpse into geologic history.

"Magma comes out of a volcano in liquid form and then begins to cool," Sageman said. "During this process, crystals start to form. By the time the tuff solidifies, the crystals become a tiny closed system. They lock in atoms, and some of those atoms, like uranium, start to decay, meaning they convert from one isotope to another. That provides a tool to date the eruption, and, thus, date a specific layer within a stack of sedimentary rock. While the expertise of team members from Tohuku University in Japan, Durham University in the U.K. and Northwestern focuses on the characterization and global correlation of the strata, our collaborators at the University of Wisconsin-Madison and Boise State University are experts in the geochronological analyses."

The researchers also used other types of isotopes, such as carbon, which tracks synchronous changes in the carbon cycle, and osmium, which tracks volcanic activity and changes in ocean chemistry.




"These isotope systems provide tools for correlating the OAE1a interval between sites in Hokkaido, southern France and other sites all around the globe," Sageman said. "They give us markers for instants in geologic time."

Pinpointing the exact timeline

According to this evidence, an abrupt shift in carbon isotope ratios -- caused first by the spike in volcanic CO2added to the carbon cycle (and later by the excess burial of organic matter) -- occurred in the early Cretaceous at the beginning of OAE 1a. A concurrent shift in the isotopic ratios of osmium reflects a massive input of volcanic material into ocean waters. The timing of these events corresponds to eruption of the Ontong Java Nui complex, an enormous igneous province about the size of Alaska located in the southwestern Pacific Ocean.

Now that researchers know it took the oceans 1.1 million years to recover from the sharp increase in CO2, they have more insight into how long the effects of CO2-driven warming events might last and what the associated effects, such as ocean anoxia, may be.

"We're already seeing zones with low oxygen levels in the Gulf of Mexico," Sageman said. "The main difference is that past events unfolded over tens of thousands to millions of years. We're driving roughly similar levels of warming (or more) but doing so in less than 200 years."
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Images of crucial cell receptors show promising new drug targets | ScienceDaily
Almost 35% of drugs approved by the Food and Drug Administration work by targeting G protein-coupled receptors (GPCRs), proteins embedded in cell membranes that allow cells to communicate with each other. Adhesion G protein-coupled receptors (aGPCRs) are the second largest family of these receptors in humans. As their name suggests, they help cells adhere, or stick to each other, and send signals inside the body.


						
These receptors are involved in many processes, such as how tissues grow, how the immune system works, and how organs form. Problems with aGPCRs can also lead to diseases like cancer, brain disorders, and growth issues. Despite the obviously important role they play in the body, however, there are no drugs approved to target aGPCRs because they are large, complex, and difficult to study.

New research from the University of Chicago combines two powerful imaging techniques to study the complete structure of a common aGPCR, including how its long and complex extracellular region interacts with the transmembrane region embedded in the cell surface. The different positions and movements of the extracellular region appear to be an important way to activate the receptor.

"This opens up new opportunities for drugging adhesion GPCRs, because now we are showing that the extracellular region is communicating with the transmembrane region," said Demet Arac, PhD, Associate Professor of Biochemistry and Molecular Biology at UChicago and senior author of the new study. The results were published this month in Nature Communications.

Capturing new images and new configurations

The extracellular region of an aGPCR extends from the cell membrane into space outside the cell, where it can bind to molecules and receptors from other cells. It consists of several domains, including the GPCR Autoproteolysis INducing (GAIN) domain, which can cleave itself into two pieces.

The common understanding of how to activate an aGPCR is that a ligand from outside the cell attaches to one of the extracellular domains and exerts force that separates the GAIN domain from its other piece, a peptide called the tethered agonist (TA) that remains attached to the transmembrane region. When the TA is separated, it can move and interact with the transmembrane region to initiate signaling, but a growing body of biochemistry research shows that many aGPCR functions don't rely on this cleavage-dependent mechanism. Separating the GAIN domain is also irreversible, leaving the receptor in a constant "on" state, which may be harmful for the cell. Sometimes a cell may need to toggle a receptor on and off, so there must be some other way of doing it.




Arac's lab has been working for 11 years to reveal the structure of full-length aGPCRs, hoping to learn how incoming signals are transmitted from outside to inside the cell. These receptors are notoriously difficult to fully understand because the extracellular regions have many complex and distinct configurations. Graduate student Szymon Kordon, PhD, led the new study, picking up the work of a previous student to capture images of the complete structure of Latrophilin3, an aGPCR involved in developing brain synapses that has also been linked to attention deficit hyperactivity disorder and several cancers.

Kordon and Arac optimized generation and purification of Latrophilin3 and captured initial electron microscopy images, but they faced numerous challenges to get a good picture of the receptor. They then worked with Antony Kossiakoff, PhD, the Otho S.A. Sprague Distinguished Service Professor of Biochemistry and Molecular Biology at UChicago, to create a synthetic antibody that could attach to the aGPCR. This antibody stabilized the extracellular region and lent it a distinctive shape that allowed Kordon to capture the full receptor structure using cryo-electron microscopy (cryo-EM), an imaging technique that freezes cells and molecules for a snapshot. The resulting images became the first known structure of a complete aGPCR.

The cryo-EM images showed that the GAIN domain of the receptor assumed several different positions in relation to the cell surface. Each different position of the GAIN domain created a different contact point between it and the transmembrane region. The researchers wondered if these different configurations could be a different means of communicating to the cell, without separating the GAIN domain completely. So, they partnered with Reza Vafabakhsh, PhD, Associate Professor of Molecular Biosciences at Northwestern University, and Kristina Cechova, PhD, a postdoctoral researcher at Northwestern, to run a second series of experiments that tracked the movements of the extracellular regions.

Cechova and the team used Forster resonance energy transfer (FRET) imaging, which can measure the energy transfer between molecules that are close to each other. After attaching fluorescent markers to different points on both the extracellular and transmembrane regions of the aGPCR, they could track its movements as it responded to adhesion forces pulling and pushing on it. What they saw confirmed their suspicion about the function of the different configurations.

"Different conformational states correlated to different signaling activity of the receptor," Kordon said. "That shows the functional relevance of these conformations on the downstream signaling in the cell." Kordon, who graduated in 2024, later received the Best Dissertation Award from the Department of Biochemistry and Molecular Biology at UChicago for his work on this project.

A new way of activating receptors

Arac said that now that they have a better understanding of the structure of aGPCRs and how they work, they can see potential for targeting them with drugs in the same way as other receptors. Researchers could engineer antibodies like the ones used in this study to stabilize them for imaging but designed to manipulate their activity instead. Since aGPCRs have distinct shapes and structures, these antibodies could be very precise as well. With 33 different aGPCRs already identified in humans, there are plenty of opportunities.

"This could be the future of drugging adhesion GPCRs," Arac said. "The advantage of this is that extracellular regions are very different from each other, so you can target them with a drug that doesn't bind to other receptors and cause unwanted side effects."
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Significant advancement made in engineering biology and clean energy | ScienceDaily
The University of Liverpool has reported a significant advancement in engineering biology and clean energy. A team of researchers has developed an innovative light-driven hybrid nanoreactor that merges natural efficiency with cutting-edge synthetic precision to produce hydrogen -- a clean and sustainable energy source.


						
Published in ACS Catalysis, the study demonstrates a pioneering approach to artificial photocatalysis, addressing a critical challenge in using solar energy for fuel production. While nature's photosynthetic systems have evolved for optimal sunlight utilisation, artificial systems have struggled to achieve comparable performance.

The hybrid nanoreactor is the product of a novel integration of biological and synthetic materials. It combines recombinant a-carboxysome shells -- natural microcompartments from bacteria -- with a microporous organic semiconductor. These carboxysome shells protect sensitive hydrogenase enzymes, which are highly effective at producing hydrogen but prone to deactivation by oxygen. Encapsulating these enzymes ensures sustained activity and efficiency.

Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering at the University of Liverpool has worked in collaboration with Professor Andy Cooper, from the Department of Chemistry and Director of the University's Materials Innovation Factory (MIF). Together, their teams synthesised a microporous organic semiconductor that acts as a light-harvesting antenna. This semiconductor absorbs visible light and transfers the resulting excitons to the biocatalyst, driving hydrogen production.

Professor Luning Liu said: "By mimicking the intricate structures and functions of natural photosynthesis, we've created a hybrid nanoreactor that combines the broad light absorption and exciton generation efficiency of synthetic materials with the catalytic power of biological enzymes. This synergy enables the production of hydrogen using light as the sole energy source."

This latest work has significant implications and has the potential to eliminate the reliance on expensive precious metals like platinum -- offering a cost-effective alternative to traditional synthetic photocatalysts while achieving comparable efficiency. This breakthrough not only paves the way for sustainable hydrogen production but also holds potential for broader biotechnological applications.

Professor Andy Cooper, Director of the Materials Innovation Factory concluded: "It's been fantastic to collaborate across University faculties to deliver these results. The study's exciting findings open doors to fabricating biomimetic nanoreactors with wide-ranging applications in clean energy and enzymatic engineering, contributing to a carbon-neutral future."
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Is fake meat good to eat? Processed plant-based meat alternatives linked to depression risk in vegetarians | ScienceDaily
There is mounting evidence suggesting that ultra processed foods (UPF) are bad for our health; but if you stick to a vegetarian diet, is that still the case? Plant-Based Meat Alternatives (PBMA) are considered to be ultra-processed foods and may be associated with similar harms.


						
In the first study of its kind, published in Food Frontiers, researchers from the University of Surrey found that vegetarians who consumed PBMAs had a 42% increased risk of depression compared to vegetarians who refrained from PBMAs.

The study, which was led by Hana Navratilova, analysed data from the UK Biobank and found no notable differences in intake of sodium, free sugar, total sugar, or saturated fatty acids between those vegetarians who ate PBMAs and those who did not. The researchers did find, however, that those who eat PBMAs had higher blood pressure and C-reactive protein (CRP) levels, a marker of inflammation, and lower levels of apolipoprotein A, a protein associated with HDL, a "good" cholesterol; PBMA consumption was, however, also linked to a reduced risk of irritable bowel syndrome (IBS) by 40%.

Professor Nophar Geifman, from the School of Health Sciences at the University of Surrey, and senior author of the study, said:

"The overall findings are reassuring, suggesting that plant-based meat alternatives may be a safe option when they are part of an overall balanced diet. However, the potential link between these types of food, inflammation and depression warrants further investigation."

The study presented some limitations due to the data collected, which was predominantly from a white population in the UK, and dietary information only being gathered at the beginning of the study, not accounting for potential changes over time.

Professor Anthony Whetton, co-author of the study from the School of Veterinary Medicine at the University of Surrey, said:

"Ultra-processed plant-based meat alternatives can be a useful way for people to transition to a vegetarian diet effectively, and that helps with sustainable agricultural practices. Further research, including longitudinal studies and trials with more diverse populations, is necessary to confirm these findings and the relationship between vegetarian foods and mood."
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The longevity factor Foxo3 mediates 'unfit' cell elimination to ensure healthy body construction | ScienceDaily
From the very moment an egg is fertilized, life begins with a remarkable process: cells start dividing and replicating to make copies of themselves. Yet this process is not flawless. Errors can occur when genetic material is copied, creating "unfit" cells that don't work properly. To keep development on track, cells employ a fascinating quality control system called cell competition. However, much about this mechanism remains unclear.


						
Now, in a study recently published in Nature Communications, Japanese researchers have uncovered the key mechanisms behind physiological cell competition and developmental robustness using an elegant series of experiments in zebrafish.

The research team from Osaka University used zebrafish to visualize the specific cell patterns of spinal cord and muscle tissue. By blocking or inhibiting apoptosis -- a type of programmed cell death -- they discovered altered cell patterns in these tissues.

"As expected, when we blocked apoptosis during zebrafish development, we observed abnormal patterns in the spinal cord and muscle," says lead author of the study Kanako Matsumoto. "This finding emphasized the importance of apoptosis for eliminating unfit cells via cell competition, but it also raised a crucial question: how are these unfit cells sensed and removed?"

To uncover the answer, the team focused on a protein known as Sonic hedgehog (Shh), which has a clear activity gradient in developing zebrafish tissue. Through sophisticated imaging techniques, the researchers found that cells with abnormal Shh activity levels for their location displayed high levels of apoptotic markers. Furthermore, when apoptosis was blocked, these unfit cells became more abundant, disrupting the Shh gradient. Together, these results suggested that unfit cells with abnormal Shh activity undergo cell death. This begged another question: how do cells communicate their Shh activity levels to one another?

The team discovered that N-cadherin, a membrane protein, enables neighboring cells to sense and respond to cells with abnormal Shh activity, and that the removal of unfit cells occurs via a specific pathway -- the Smad/Foxo3/reactive oxygen species/Bcl2 pathway.

This discovery led to the identification of Foxo3, a protein previously linked to longevity, as a mediator of cell competition. Cell competition can eliminate various unfit cells, including those with abnormal Wnt, Shh, or oncogenic Ras signaling, or those with low pluripotency, abnormal ribosomes, or mitochondrial defects. However, the roles and mechanisms of endogenous cell competition during organogenesis remain unclear. Numerous factors drive cell competition. The researchers therefore wondered: are there any universal machineries regulating the diverse types of cell competition?

"Foxo3 is a common mediator of unfit cell elimination in various types of cell competition in zebrafish and mice, and Foxo3-mediated physiological cell competition is required to eliminate naturally generated unfit cells and for the consequent precise development of embryonic, spinal cord, and muscle tissues," says Tohru Ishitani, senior author of the study.

Genetic variations in Foxo3 are associated with longevity, whereas low Foxo3 activity is associated with age-related diseases. Foxo3 may also sustain the robustness of tissue homeostasis through cell competition, and reduced Foxo3 activity would thus lead to the accumulation of unfit cells. This poses significant risks not only in disorders of development but also in cancer initiation and aging. Conversely, understanding how cell competition eliminates unfit cells may offer exciting possibilities for new treatments that combat congenital disorders, cancer, age-related diseases, and aging, potentially improving health and longevity.

Interestingly, Foxo3 expression was detected in unfit cells in both zebrafish and mice, pointing to its potential role as a universal marker of cell competition. As co-lead author Yuki Akieda concludes, "This new marker would allow us to precisely detect naturally generated unfit cells, thereby helping us to understand the importance of physiological cell competition and elucidate the causes of 'abnormality' of unfit cells."
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Salmon genes unlock secrets of puberty and evolution | ScienceDaily
A study carried out at the University of Helsinki shows how a single gene in Atlantic salmon can dramatically influence the timing of puberty -- a key factor for salmon life cycle and survival.


						
Researchers discovered that the gene, known as vgll3, acts as a master regulator, controlling thousands of other genes involved in various aspects of salmon sexual maturation.

"Imagine a single switch determining whether puberty begins at age 13 or 20 in humans. Vgll3 plays a similar role in salmon, influencing traits like when reproductive cells start to develop, growth patterns, and behavioral changes. Our results explain how genetic variation in a single gene can have such dramatic effects on very complex and multifaceted traits as puberty or maturation age," explains Associate Professor Jukka-Pekka Verta, now at Nord University, Norway, who conducted this study as a part of his post-doctoral research at the University of Helsinki.

This discovery not only explains how complex traits like puberty onset evolve and vary but also highlights a process called "pleiotropy," where one gene affects multiple characteristics, like the conductor of an orchestra.

The Vgll3 gene is involved in controlling pubertal timing in humans, but it has a much smaller influence. The same gene has a much larger effect, and is kind of a switch, on an auto-immune skin disease in humans. This disease, lupus, is much more common in females than males.

Hydroelectric dams can affect salmon maturation

The findings have far-reaching implications, particularly for understanding rapid evolutionary changes in salmon populations affected by human activities, such as hydroelectric dam development.

As salmon are a migratory species, they need a clear pathway between their breeding grounds in the river and their feeding areas in the ocean. Many hydroelectric dams do not have functioning fish ladders, and this can block all the breeding areas above a dam.

"If the areas for breeding below the dam are only suitable for example, for smaller salmon, there might be very strong natural selection against the 'late maturation vgll3 variant', which is a means for the salmon population to adapt to the changed conditions, but this also reduces the diversity of the population which can have longer term negative consequences. Now we better understand what other genes and processes may be affected by such changes." describes Professor Craig Primmer from the Faculty of Biological and Environmental Sciences, University of Helsinki

By altering the frequency of certain vgll3 variants, natural selection can drive significant changes in traits like size, number of eggs and behavior. This research underscores the importance of fundamental evolutionary studies in managing wild populations and predicting how environmental changes impact ecosystems.
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Travelers weigh in on weight-based airfares for eco-friendly skies | ScienceDaily
The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study out of the University of New Hampshire looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the environment.


						
"We wanted to explore how air travel could be made more sustainable, especially considering the weight we carry -- both personal weight and baggage that often travels back and forth," said Markus Schuckert, professor of hospitality management. "We wondered if reducing weight overall could contribute to more eco-friendly air travel and began questioning whether passengers might accept pricing that reflects this."

In their study, recently published in the journal of Transportation Research Part A: Policy and Practice, researchers surveyed over 1,000 U.S. air travelers to gauge their view on three potential fare policies that provided a more sustainable flying option. The heavier the aircraft, the more jet fuel it burns and the more carbon emissions are produced so they devised a tier approach -- a standard policy where all passengers pay a uniform price; a threshold policy where passengers exceeding a certain weight pay additional fees; and a unit-of-body-weight policy where each passenger's airfare is based on their combined body and baggage weight.

The standard policy was the most accepted approach across all demographics, with more than half of respondents rating it as the most ethical option. Nearly 60% of participants voiced concerns about weight-based policies, citing potential fairness issues and the risk of discrimination, especially around factors like nutrition, income and accessibility which often influence body weight.

Those who were more in favor of weight-based policies tended to be younger with those ages 18-35 accepting weight-based pricing almost 20 percentage points more than travelers who were 66 and older. Additionally, travelers with higher incomes or frequent flyer status were 25% more likely to support weight-based policies than those in lower income brackets or who didn't travel as much.

The idea of weight-based pricing touches on some key concerns for airlines -- specifically, the balance between environmental impact and customer privacy. This concept can be polarizing and has yet to gain traction with most airlines due to ethical concerns.

Researchers say the study isn't meant to be an endorsement of such policies, it just makes sense from a research perspective to investigate whether the idea offers a pathway to reduce emissions for a more sustainable air travel -- and if passengers would accept these changes.

"This topic has been widely discussed for decades, but there's surprisingly little research on it," said Schuckert. "Some airlines have tried or considered weight-based policies, but the main roadblock remains ethical concerns, which make it difficult to even discuss. But if we aim to make air travel more sustainable, we should have an open discussion. That's really the point of research -- to put everything on the table for consideration."

Researchers say future studies could look at alternative ways to incentivize lighter travel or new approaches to sustainability that avoid discrimination and support both environmental and social responsibility.

Co- authors include Lorenzo Masiero and Judit Zoltan, both from the University of Bologna, Italy; Denis Tolkach, James Cook University, Australia; Stephen Pratt, University of Central Florida; Matias Thuen Jorgensen, Roskilde University, Denmark; and Kaye Chon, The Hong Kong Polytechnic University.
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Study shows drop in use of antiviral medications in young children with influenza | ScienceDaily
Despite national medical guidelines supporting the use of antiviral medications in young children diagnosed with influenza, a recent study reports an underuse of the treatment.


						
"Antiviral Use Among Children Hospitalized with Laboratory-Confirmed Influenza Illness: A Prospective, Multicenter Surveillance Study" was published in Clinical Infectious Diseases, the flagship journal of the Infectious Diseases Society of America.

Flu illness accounts for up to 10% of all pediatric hospitalizations during the winter season in the United States.

While guidelines recommend all hospitalized children with suspected or confirmed influenza receive prompt treatment with influenza-specific antivirals regardless of symptom duration or vaccination, study results show adherence to guidelines fall short.

"Our findings of limited use of antivirals in hospitalized children with influenza illness is concerning," said James Antoon, MD, PhD, MPH, assistant professor of Pediatrics at Monroe Carell Jr. Children's Hospital at Vanderbilt. "We found that almost half of hospitalized children did not receive antiviral therapy despite widely endorsed recommendations by the Centers for Disease Control (CDC), Infectious Diseases Society of America and American Academy of Pediatrics. Use of these antivirals reduce how long children have symptoms and prevent influenza complication."

Antoon, along with Justin Amarin, MD, co-led a multicenter study of a cohort of children hospitalized with confirmed flu diagnosis at seven pediatric medical centers in the CDC New Vaccine Surveillance Network (NVSN) between Dec. 1, 2016 and March 31, 2020. A total of 1,213 children with lab-confirmed flu were included.

Among those with research or clinical influenza testing, only half received antiviral treatment and among those with clinical influenza testing by a physician, almost two-thirds received an antiviral.




Study findings also saw almost 37% of hospitalized infants younger than 6 months old, who are not eligible for flu vaccination, did not receive an antiviral.

"The low use of influenza antivirals shows the need for additional efforts to understand the barriers to treatment and improving clinical testing. Improved antiviral treatment is critical for optimizing care in this population of patients," said Antoon.

Natasha Halasa, MD, PhD, Craig Weaver Professor of Pediatrics in the Division of Pediatric Infectious Diseases at Monroe Carell, served as the site principal investigator.

"Data from two national influenza surveillance networks indicate that antiviral treatment of hospitalized children and adolescents with influenza has declined from 70%- 86% during the 2017-2018 season to less than 60% in 2023-2024," noted Halasa.

"Only 30% of children and adolescents at higher risk for influenza complications were prescribed antivirals during outpatient visits."

These findings mentioned by Halasa were published in the CDC digest Morbidity and Mortality Weekly Report (MMWR) on Nov. 14.

Antoon said that antiviral treatment results in shorter symptom duration, lower risk of developing subsequent pneumonia and sinusitis and otitis media infections. Some data suggests that use of antivirals is associated with decreases in hospital length of stay, use of mechanical ventilation and intensive care unit admissions.

"Future studies should also focus on improving influenza testing and prompt antiviral treatment for children with influenza-associated hospitalizations as well as standardizing care both within and across institutions," he said.
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Study maps bed bugs' genomes in unprecedented detail to find out why they just won't die | ScienceDaily
Scientists mapped near-gap-free and near-error-free genomes of a susceptible bed bug strain and a superstrain around 20,000 times more insecticide-resistant, offering the broadest look yet at the full scope of their resistance mutations.


						
Their findings were published in the journal Insects.

Although there is no evidence that bed bugs transmit diseases to humans, their bites can cause itchy rashes and secondary skin infections. Widespread use of insecticides, including the now-banned DDT, nearly wiped out populations of these blood-sucking insects by the 1960s, making infestations rare. But over the past 20 years, the world has witnessed their resurgence, partly due to resistance mutations they developed against these insecticides.

Resistance can occur through different mechanisms, such as by producing enzymes that detoxify the insecticides (metabolic resistance) or developing thicker outer layers to block the chemicals (penetration resistance). Past studies have identified some of the mutations and gene expressions linked to insecticide resistance. However, the full extent of mutations driving resistance remains unknown as no research has sequenced the whole genome of insecticide-resistant strains.

A research team led by Hidemasa Bono, professor at Hiroshima University's (HU) Graduate School of Integrated Sciences for Life, mapped genomes of susceptible and resistant bed bug strains from Japan to address this gap. They obtained susceptible strains descended from wild bed bugs (Cimex lectularius) collected 68 years ago in fields at Isahaya City, Nagasaki. Meanwhile, the resistant strains were bred from specimens collected from a Hiroshima City hotel in 2010. Their tests revealed that the resistant samples had 19,859-fold stronger resistance to pyrethroids -- the most commonly used insecticide for bed bug control -- exceeding levels seen in many previously identified superstrains. All the specimens were provided by Fumakilla Limited, a Japan-based chemical manufacturing company.

Piecing together the genome puzzle

Sequencing a genome is like assembling a massive jigsaw puzzle, spanning anywhere from about 160,000 to 160 billion pieces. To map the most complete bed bug genomes to date, researchers used the breakthrough method of long-read sequencing, which captures longer stretches of DNA -- akin to having entire sections of puzzle pieces put together. Traditional short-read sequencing, by contrast, only covers tiny snippets, often leading to frustrating gaps.




The researchers assembled a near-total picture of the two genomes with just about every piece precisely where it belonged, achieving 97.8% completeness and quality value (QV) of 57.0 for the susceptible strain and 94.9% completeness and QV of 56.9 for the resistant strain. A QV above 30 indicates high-quality sequences with less than 0.1% error rate. Both also surpassed the N50 value of the existing C. lectularius reference genome, Clec2.1, from a previous sequencing effort, meaning there were fewer gaps and more complete sections of the genome puzzle.

Known, new resistance mutations uncovered

After fully sequencing the genomes, the team identified protein-coding genes, determined their functions, and assessed if they were active through transcriptional analysis. They uncovered 3,938 transcripts with amino acid mismatches. Of these, 729 mutated transcripts were linked to insecticide resistance.

"We determined the genome sequence of insecticide-resistant bed bugs, which exhibited 20,000-fold greater resistance compared to susceptible bed bugs. By comparing the amino acid sequences between the susceptible and resistant bed bugs, we identified 729 transcripts with resistance-specific mutations," said study first author Kouhei Toga, postdoctoral researcher at the Laboratory of Genome Informatics of HU's Graduate School of Integrated Sciences for Life.

"These transcripts included genes related to DNA damage response, cell cycle regulation, insulin metabolism, and lysosome functions. This suggests that these molecular pathways may play a role in the development of pyrethroid resistance in bed bugs."

By drawing on previous insect studies, the researchers confirmed known resistance mutations and discovered new ones that could inform more targeted and effective pest control strategies.

"We identified a large number of genes likely involved in insecticide resistance, many of which have not been previously reported as being associated with resistance in bedbugs. Genome editing of these genes could provide valuable insights into the evolution and mechanisms of insecticide resistance," Toga said.

"Additionally, this study expands the pool of target genes for monitoring allele distribution and frequency changes, which could contribute significantly to assessing resistance levels in wild populations. This work highlights the potential of genome-wide approaches in understanding insecticide resistance in bed bugs."

Other research team members include Fumiko Kimoto and Hiroki Fujii, who are employees of Fumakilla Limited.
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Hyperspectral imaging lidar system achieves remote plastic identification | ScienceDaily
Researchers have developed a new hyperspectral Raman imaging lidar system that can remotely detect and identify various types of plastics. This technology could help address the critical issue of plastic pollution in the ocean by providing better tools for monitoring and analysis.


						
"Plastic pollution poses a serious threat to marine ecosystems and human livelihoods, affecting industries like fisheries, tourism and shipping," said research team leader Toshihiro Somekawa from the Institute for Laser Technology in Japan."To manage and protect the marine environment, it's essential to assess the size, concentration and distribution of plastic debris, but traditional lab-based methods are often time-consuming, labor-intensive and expensive."

In the Optica Publishing Group journal Optics Letters, the researchers describe their new system, which is compact and optimized for low energy consumption, making it suitable for use aboard a drone. They show that the system can identify plastics that are 6 meters away with a relatively wide field of view of 1 mm x 150 mm.

"A drone equipped with our lidar sensor could be used to assess marine plastic debris on land or in the sea, paving the way for more targeted cleanup and prevention efforts," said Somekawa. "The system could also be used for other monitoring applications, such as detecting hazardous gas leaks."

Achieving remote detection

The researchers previously demonstrated a monitoring system based on a flash Raman lidar technique in which bandpass filters were matched to each measurement target for detection in a successive manner. This technique, however, isn't practical for detecting marine plastics because switching the filters would hinder instantaneous 3D ranging and detection.

Other research groups have explored using hyperspectral Raman imaging to monitor plastic pollution. This technique combines Raman spectroscopy with imaging to capture spatially resolved chemical information across a sample, producing detailed maps of molecular composition and structure. However, conventional hyperspectral Raman imaging can only detect targets that are close to the instrument.




For remote detection, the researchers combined lidar for distance measurement with hyperspectral Raman spectroscopy. They did this by building a prototype systemthatincluded a pulsed 532- nm green laser for lidar measurements and a 2D imaging spectrometer equipped with a gated intensified CCD (ICCD). The Raman signal backscattered from a distant target was detected as a vertical line, and the hyperspectral information contained in each point recorded horizontally. Using an ICCD camera that can be gated on a nanosecond time scale was essential for achieving the Raman lidar measurement with fine range resolutions.

Range-resolved Raman imaging

"We designed our system to acquire images and spectroscopic measurements simultaneously," said Somekawa. "Since the Raman spectrum is unique for each plastic type, the imaging information can be used to understand the spatial distribution and type of plastic debris and hyperspectral information can be obtained from targets at any distance due to the pulsed laser enabling range-resolved measurements."

The researchers tested their prototype system on a plastic sample consisting of a polyethylene sheet in the upper position and a polypropylene sheet in the lower position. From 6 meters away, the system was able to acquire the characteristic spectra of each plastic and produce images showing the vertical distribution of the plastics. The researchers say that the imaging pixel size of 0.29 millimeters with the ICCD camera at the stand-off distance of 6 meters implies that small plastic debris could be measured and analyzed using the hyperspectral Raman imaging lidar system.

Next, the researchers plan to use their system to monitor microplastics that are floating or submerged in water. This should be feasible since laser light around 532 nm transmits effectively through water, enabling better detection in aquatic environments.
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Researchers explore carbon capture in fish farms to address climate change | ScienceDaily
Scientists are exploring a new model for carbon capture in low-oxygen aquatic environments, such as fisheries, that will help address rising global temperatures and could potentially be cost-effective, a recent study published in Nature Food said.


						
Lead researcher Mojtaba Fakhraee, an assistant professor of Earth sciences who will begin his appointment in August 2025, says traditional methods of reducing emissions are no longer sufficient to keep global temperature increases below 2 degrees Celcius, a goal set by the Paris Agreement.

In recent years, scientists have turned to carbon capture -- the process of capturing CO2 emissions from industrial sources -- as a possible solution to address climate change alongside traditional efforts to reduce carbon emissions.

Fakhraee, working with Noah Planavsky, professor of Earth and planetary sciences at Yale University, developed a model to explore how alkalinity production through enhanced iron sulfide formation in fish farms and other low-oxygen aquatic environments could offer a low-cost and efficient way to capture at least 100 million metric tons of CO2 annually.

"We are in the situation right now that to be able to sustain that 1.5 degree threshold, we should be removing carbon from the atmosphere," Fakhraee says. "There is no way around this point."

Fakhraee says the study focuses on fish farms because they are directly influenced by human activities and can be an ideal place for capturing carbon while reducing toxic sulfide concentrations.

The researchers' model found that adding iron, which reacts with accumulated hydrogen sulfide, increases alkalinity. This, in turn, raises carbonate saturation levels, enhancing the capture of CO2 from the environment.




This model would be most effective in countries like China and Indonesia, which have abundant fish farms, the authors note. Fakhraee and Planavsky estimate that China alone could remove nearly 100 million metric tons of CO2 per year from the atmosphere.

Fakhraee says this finding will also positively impact the success of fish farms, as the buildup of hydrogen sulfide can be toxic to fish, leading to increased mortality rates or fish becoming too sick to sell. The proposed model would reduce this toxicity, leading to larger fish populations and more sustainable, profitable operations.

He added that this approach could be more effective than other methods of carbon capture because it would essentially permanently store the carbon.

"It's going to be stored on a time scale of thousands of years, which is much longer than the lifetime of CO2 in the atmosphere," he says.

Fakhraee says this is only one approach to carbon capture. However, if put into practice, it could make a significant impact on carbon emissions from fish farms.

"This is just one possible pathway for carbon capture at a significant scale," he says. "The co-benefit for this specific pathway is that it would help with neutralizing the carbon emissions from fish farms resulting in a more sustainable fish industry."
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Training solar panels to dance with the wind | ScienceDaily
Solar power is currently the fastest growing energy sector worldwide. Solar photovoltaic power plants convert sunlight into electricity and their vast potential for producing clean, renewable energy make solar power a cornerstone of the NetZero Emissions by 2050 initiative, which seeks to cut carbon dioxide emissions to zero by the year 2050.


						
Wind has both positive and negative effects on solar power grids. It helps maintain solar panel performance by eliminating the buildup of dirt and dust, and because solar panels typically lose efficacy as they heat up, the flow of wind over and around the surface of panels increases cooling and efficiency. However, the slender panels are vulnerable to high-wind events, even to the extent of structural collapse and failures that can take weeks to repair. In addition, insurance claims resulting from the vulnerability of photovoltaic panels to severe weather events have grown significantly with the increased use of solar energy.

In Physics of Fluids, by AIP Publishing, researchers at the Centre for Material Forming at PLS University in Sophia Antipolis, France, proposed a unique numerical decision-making framework for solar panel protection against extreme weather conditions.

"By blending advanced fluid dynamics and artificial intelligence, we saw an opportunity to address wind damage risks innovatively and contribute to the resilience of renewable energy systems," said author Elie Hachem.

Row spacing, ground clearance, and tilt angles have been the primary areas of focus for research teams seeking to lessen the effects of wind damage on solar panels. Tracking mounts that rotate the panels for maximum sunlight exposure remain in operation until a certain wind speed is reached. At this point, the panel goes into a presumed safe stow position parallel to the ground. While this stowing method is effective in some instances, the panels lose energy output in this position and, more importantly, are often not protected from higher wind speeds.

The framework used by the team combines advanced wind simulations with machine learning to optimize individual solar panel angles under strong winds. Unlike previous methods developed to protect the panels, this new method treats panels as independent decision-makers and identifies creative, data-driven solutions to reduce stress, significantly outperforming current safeguards.

"It's like teaching the panels to dance with the wind, minimizing damage while protecting energy production during high wind speeds," said Hachem.

The decision-making framework for solar panel protection challenges traditional engineering practices. It offers a scalable solution for enhancing real-world resilience, while opening the door for smarter, adaptive systems in the challenge of producing energy with net zero carbon emissions.
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Scientists find a vulnerability in antibiotic resistance mechanism | ScienceDaily
Superbugs, bacteria that are immune to multiple antibiotics, pose a great challenge to modern medicine. Researchers from the B CUBE -- Center for Molecular Bioengineering at TUD Dresden University of Technology and Institut Pasteur in Paris identified a weakness in the bacterial machinery that drives antibiotic resistance adaptation. Their findings, published in the journal Science Advances, could pave the way to boosting the effectiveness of existing antibiotics.


						
Since the discovery of penicillin in 1928, antibiotics have changed medicine, allowing us to easily combat bacterial infections. However, with the invention of antibiotics, we have also entered a never-ending arms race with bacteria. They adapt rapidly to drugs, rendering many existing treatments ineffective. Such antibiotic-resistant bacteria, often dubbed "superbugs," pose a critical threat to patients with chronic illnesses and weakened immune systems.

"Rather than developing new antibiotics, we wanted to understand exactly how bacteria adapt their resistances," says Prof. Michael Schlierf, research group leader at B CUBE, TU Dresden, the leader of the study. In doing so, the groups discovered why it takes longer for some bacteria to develop antibiotic resistance, while others adapt very quickly. Their findings open up new possibilities for the development of counter-strategies.

A Genetic Toolbox in Action

"Our work focuses on the integron system, a genetic toolbox that bacteria use to adapt to their environment by exchanging genes, including those for antibiotic resistance," says Prof. Didier Mazel, research group leader at Institut Pasteur in Paris, whose group worked together with the Schlierf team.

The integron system is like a toolbox. It allows bacteria to store and share resistance genes with their offspring and neighboring cells. It operates via a molecular "cut and paste" mechanism driven by special proteins, known as recombinases. The integron system has been researched a lot. Some bacteria gain new resistance very fast and for others, it takes considerably longer.

It turned out that the variety of DNA sequences is at the heart of this difference. "The sequences inside the integron system are flanked by special DNA hairpins. They are called like this because this is exactly how they look like, like little U-shaped pins sticking out of the DNA. The recombinases are built to bind to these hairpins and form a complex that can then cut out one fragment and paste in another one," explains Prof. Mazel.




The Schlierf group used a cutting-edge microscopy setup to study how strongly a recombinase protein binds the different DNA hairpin sequences. They found that the complexes with the strongest binding between the protein and the DNA are also the ones that are the most efficient at gaining resistance genes.

Using the Force

Using an advanced microscopy technique known as optical tweezers, the Schlierf group measured the tiny forces it takes to pull the different protein-DNA complexes apart. "With the optical tweezers, we use light to, sort of, grab a single strand of DNA from both sides and pull it apart. Think of it as pulling on a cord to undo a knot," says Dr. Ekaterina Vorobevskaia, a scientist in the Schlierf lab who carried out the project.

The group saw a clear correlation between the force it took to dismantle a protein-DNA complex and the efficiency of the cut-and-paste machinery. "If you have a complex that is strongly bound to the DNA, it can perform its job very well. Cut the DNA and paste a new resistance gene very fast. On the other hand, if you have a protein-DNA complex that is rather weak and keeps falling apart, it has to be reassembled again and again. This is why some bacteria gain antibiotic resistance faster than others," adds Dr. Vorobevskaia.

Exploiting the Weakness

"The Integron system has been studied by microbiologists for decades. What we bring to the table now is adding the biophysical data and explaining the behavior of this system with physics," says Prof. Schlierf, adding that "Maybe this vulnerability to force is a more general phenomena for varying efficiencies in biology."

The scientists believe that the weakness in the system can be used to develop supplemental treatments that will take advantage of, or create, the unstable DNA-protein complexes. It could accompany existing antibiotics and give them an additional time advantage over bacteria.
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Discouraged zebrafish help reveal how ketamine works in the brain | ScienceDaily
The decades-old anesthetic ketamine could be a game changer for treating severe depression, but there are still many questions about how the drug works, including exactly how it affects the brain's cells and circuits.


						
To help answer these questions, researchers are turning to an unlikely animal: tiny, days-old zebrafish.

The millimeters-long, translucent zebrafish may not get depressed exactly like humans do, but the fish do exhibit a "giving up" behavior: they stop swimming after they realize they aren't getting anywhere -- a passive behavior that scientists use to study depression in animals.

By taking advantage of this behavior, the ability to image the zebrafish's entire brain, and a unique virtual reality system, a team of researchers from HHMI's Janelia Research Campus, Harvard, and Johns Hopkins found where ketamine acts in the zebrafish brain: at supporting cells called astroglia, rather than neurons.

Previous research by Janelia scientists found that astroglia act as a counter that tells the fish when to give up. As the fish registers that it isn't getting anywhere, it swims harder, and astroglia activity ramps up. When astroglia activity reaches a threshold, the cells signal to neurons for the fish to stop swimming.

The new research finds that a brief exposure to ketamine causes a lasting suppression of the "giving up" behavior by overstimulating astroglia. This overstimulation, which occurs through ketamine's stimulation of noradrenergic neurons that activate astrocytes, appears to subsequently reduce the astroglia counter's sensitivity, causing the fish to continue swimming normally, even when it isn't getting anywhere.

"Our paper suggests that these astroglia, this non-neuronal cell population, are playing a very important role, and that some of the key effects of these antidepressant compounds go through changes in astroglial physiology," says Alex Chen, a joint PhD student in the Ahrens Lab at Janelia and the Engert Lab at Harvard and a co-lead author on the paper.




The team's findings, which also show that astrocytes are similarly activated in mice, could help researchers get a clearer picture of how antidepressants work in the brain, potentially leading to the development of safer and more effective drugs to treat depression. Understanding how antidepressants work on a molecular level has confounded scientists for decades, with much of their work focused on the drugs' effects on neurons.

"I think our research suggests that targeting these astrocytes to find new treatments could be an interesting way to go," says Marc Duque Ramirez, a PhD student in the Engert Lab and a co-lead author on the paper.

Using zebrafish to test ketamine

The project started when the team, led by Duque and Chen, wanted to see if they could use zebrafish to test antidepressants that were known to work in humans and had previously been tested in rodents. Because zebrafish are small and translucent, researchers can image each animal's entire brain to better track the drug's effects.

The Ahrens Lab had shown in earlier work that zebrafish exhibit a trait known as futility-induced passivity, or "giving up" -- a behavior that has also been seen in rodents. Using a virtual reality setup, the researchers fixed the fish in place and showed them different visual patterns. When the fish saw a pattern simulating backward motion, they wiggled their tails as though swimming forward. When the pattern changed to one simulating being stuck in place, the animals would struggle at first, then give up, become passive, and stop swimming.

In the new work, the researchers show that ketamine suppressed this giving up behavior for over a day. Although the fish still struggled when their swimming was not effective, they did not give up as easily and were less passive.




The authors also tested other fast-acting antidepressants, such as psychedelic compounds, and found a reduction in passivity like they saw with ketamine. On the other hand, stress-inducing treatments, such as chronic glucocorticoids, increased the giving up behavior.

Imaging reveals action on astroglia

Next, the team turned their attention to what the drug was doing in the fish's brain. Previous research by the Ahrens Lab found the giving up action is associated with a type of glial cell called radial astrocytes.

Whole-brain imaging revealed that ketamine increased the amount of calcium at the astrocytes, showing that the drug activated these cells for many minutes after administration. The researchers think that although short or fast increases in astroglia calcium might drive giving up behavior, the aftereffects of the ketamine-induced flood of calcium reduce the astroglia's response to the futility signal that drives giving up behavior, making the fish more robust in these behavioral situations, or less likely to give up, in the future.

"It's desensitized because during ketamine it was so hyperactivated," says Janelia Senior Group Leader Misha Ahrens, a senior author on the paper. "It's like when you take a cold shower -- afterwards you are a little less sensitive to the cold -- but at a cellular and molecular level."

The researchers also found that this same mechanism was at work in mammals. Eric Hsu, a graduate student at Johns Hopkins and a co-lead author on the paper, found that astrocytes were similarly activated in mice, both when they exhibit "giving up" behavior and when they are exposed to ketamine.

"This evidence of cross-species conservation increases the likelihood that comparable mechanisms exist in humans," says Dwight Bergles, a professor of neuroscience at Johns Hopkins and a senior author on the paper.

The team's study demonstrates that ketamine is acting on the astrocytes by increasing norepinephrine levels, though how it does that and how that changes neuronal and astroglia physiology as a result is still unknown. But the findings do point to a potential role for astroglia in depression and could help inform future research.

"We need to be careful in taking these results too literally, but this could be a model for pieces of the mammalian brain," Ahrens says.
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Corals depend on near neighbors to reproduce | ScienceDaily
A new study reveals corals must be within only a few metres of each other to successfully reproduce, leaving them vulnerable in a warming world.


						
The international research, led by The University of Queensland's Professor Peter Mumby, measured the success of a natural spawning event in March this year.

"In what came as a surprise, we saw that corals needed to be within 10 metres of one another, and preferably closer than that for fertilisation to take place," Professor Mumby said.

"We knew corals couldn't be too far apart, but we found they need to be closer than we'd expected.

"Climate change impacts like bleaching are killing and reducing the density of corals, so we're concerned that individuals may end up too far apart to reproduce successfully."

To quantify reproduction success, the team placed containers above 26 coral colonies on a reef in Palau, Micronesia during a time when the mostly hermaphroditic corals released eggs and sperm.

"The containers captured some of each corals' eggs and drifted to the surface where they followed the tide," Professor Mumby said.




"Although the eggs could not escape, sperm could enter the container and fertilise the eggs.

"After an hour of drifting, the proportion of fertilised eggs was noted for each type of coral along with the distance to similar established corals."

Fertilisation averaged 30% when corals were very close, but it declined to less than 10% at a separation of 10 metres and was virtually zero by 20 metres.

Co-author Dr Christopher Doropoulos of the CSIRO, Australia's national science agency, said coral reproduction was fundamental to population resilience and evolution.

"In the future we may need to help corals continue this key part of their lives," Dr Doropoulos said.

"Understanding the importance of local neighbourhoods provides tangible targets for interventions like coral restoration.




"Ideally, the density of corals would be monitored at important locations and restoration carried out to return the density back to the levels required for successful reproduction."

Professor Mumby has been working on efforts to repair damaged coral reefs.

"Our work over the past 5 years on the Great Barrier Reef through the Reef Restoration and Adaptation Program is also helping to define these critical thresholds to help restoration practitioners set targets for density to help maintain coral populations," he said.

The study was funded by the McCusker Foundation and the Australian Government's Reef Restoration & Adaptation Program.

The research is published in the Proceedings of the National Academy of Sciences USA (PNAS). 
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Shrubs can help or hinder a forest's recovery after wildfire | ScienceDaily
Research from the University of California, Davis, is shedding light on when and where to plant tree seedlings to help restore forests after high-severity wildfires, and it has a lot to do with shrubs.


						
In hotter, drier areas where natural regeneration is weaker, well-timed tree planting can boost recovery by up to 200%, but the outcome also depends on competition with shrubs, a paper in the journal Forest Ecology and Management concludes.

"Generally, where there are more shrubs, the climate and soil are more hospitable for plant growth," lead author and assistant professional researcherDerek Young said. "But what that also means is there's more competition for trees."

In areas where a lot of shrubs are present, it's best to plant seedlings within a year of a wildfire to avoid competition from these woody plants. In areas with fewer shrubs, planting three years after a fire would be more effective because some of these woody plants would have grown back but not so many to consume available nutrients and water.

"Some vegetation in those really harsh sites might actually facilitate tree establishment by providing shade," Young said.

Data-based findings

Understanding how to foster recovery is critical to restoration efforts as climate change intensifies the frequency and severity of forest fires. Land managers also must use data to help direct limited resources, said Andrew Latimer, senior author on the paper and a professor in the Department of Plant Sciences.




"We're aiming to help optimize tree planting by targeting it to where it's really needed," Latimer said. "Doing this matters because we're facing a reforestation backlog -- limited capacity to replant and a lot of severely burned area."

Look at past events

Researchers surveyed areas in the Sierra Nevada that were representative of a mix of climates and management strategies in California and had been replanted with conifer tree seedlings one to three years after intense wildfires. In each of the five 400-square-meter circular plots, which included replanted and nonplanted areas, the team counted seedlings, shrub cover and other environmental details.

This allowed researchers to gauge how replanting affects the composition of forests and map out the best strategies across wide swaths of land that would be challenging to survey on foot.

"I think the real benefit is being able to make those predictions across a huge landscape," Young said. "Now we have quantified the effects of certain environmental variables that allow us to make those maps."

Latimer is experimenting to see how removing shrubs two years after a fire affects tree regeneration. Young will soon use aerial imagery and drones at wildfire sites to determine how management actions affected forests in the 40 years since the trees burned.

Quinn Sorenson, who was in Department of Plant Sciences at the time of the analysis also contributed to the research, which was funded by the Joint Fire Science Program and the U.S. Department of Agriculture's Hatch Project.
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Electric vehicle transition could create unwanted air pollution hotspots in China and India | ScienceDaily
While electric vehicles have become a cornerstone of the global energy transition, new research led by Princeton University has demonstrated that refining the critical minerals needed for electric vehicle batteries could create pollution hotspots near manufacturing hubs.


						
Focusing on China and India, the researchers found that national sulfur dioxide (SO2) emissions could increase by up to 20% over current levels if the countries were to fully domesticize their supply chains for electric vehicles. The overwhelming majority of those SO2 emissions would come from refining and manufacturing nickel and cobalt -- important minerals for today's electric vehicle batteries.

"Many discussions about electric vehicles focus on minimizing emissions from the transport and power sectors," said corresponding author Wei Peng, an assistant professor of public and international affairs and the Andlinger Center for Energy and the Environment. "But we show here that the impacts of electric vehicles don't end with vehicle tail-pipe emissions or electricity. It's also about your entire supply chain."

Publishing their findings in Environmental Science & Technology, the researchers argued that countries must think strategically about building clean supply chains as they develop decarbonization plans.

In the case of battery manufacturing, the team underscored the importance of developing and enforcing strict air pollution standards to avoid unintended consequences of the transition to electric vehicles. They also suggested the development of alternative battery chemistries to avoid the process-based SO2 emissions of manufacturing today's batteries.

"If you dig deep enough into any clean energy technology, you will find there are challenges or tradeoffs," said first author Anjali Sharma, who completed the work as a postdoctoral researcher in Peng's group and is now an assistant professor in the Centre for Climate Studies and Ashank Desai Centre for Policy Studies at the Indian Institute of Technology, Bombay. "The existence of these tradeoffs doesn't mean that we stop the energy transition, but it does mean that we need to act proactively to mitigate these tradeoffs as much as possible."

A tale of two countries

Both China and India have good reasons to avoid SO2 emissions: the compound is a precursor to fine particulate matter, contributing to a host of cardiovascular and respiratory problems. The two countries already suffer from high levels of air pollution. In 2019 alone, around 1.4 million premature deaths in China and around 1.7 million premature deaths in India were attributable to fine particulate matter exposure.




However, the two countries are at different stages of development for electric vehicles. Peng said that in China, a domestic supply chain for electric vehicles is the status quo, but that India is still in the early stages of supply chain development. The comparison helped the researchers identify near-term priorities as they continue or begin to build a domestic supply chain for electric vehicles.

"China needs to be thinking about how to clean up a supply chain that already exists, while India has the opportunity to build a better supply chain from the ground up," said Peng, who is also a core faculty at the Center for Policy Research on Energy and the Environment. "Both situations come with their own challenges and opportunities."

In India, the lowest-hanging fruit would be to focus first on cleaning up pollution from the power sector. This would require enforcing stringent SO2 pollution control measures for thermal power plants, using mature technologies like flue-gas desulfurization. For China, which already has stringent emissions controls for the power sector, the focus needs to shift to mitigating SO2 emissions from the battery manufacturing process, which the researchers said is less familiar.

However, the researchers underscored that ignoring emissions from battery manufacturing would be a critical misstep. In scenarios where China and India fully onshored their supply chains, prioritizing a cleaner grid did little to nothing to lower SO2 emissions. Instead, only scenarios focused on cleaning up battery manufacturing processes avoided SO2 pollution hotspots.

"People generally assume the transition to a greener technology is always going to be a win-win -- there will be climate and air quality benefits," said Sharma. "But without considering manufacturing, you might lower carbon and nitrogen oxide emissions but end up increasing the air pollution burden for communities near manufacturing centers."

Human-centered approaches to decarbonization

While the analysis focused on China and India, the researchers argued that if left unaddressed, pollution from battery manufacturing will become an increasingly global challenge as electric vehicle adoption rates rise. Even if countries like China and India were to outsource battery manufacturing, Sharma said that without strategies to mitigate SO2 emissions, they would simply be offloading the problem to another country.




"It's important to look at electric vehicles from a global supply chain perspective," Sharma said. "Even if India were to decide against building a domestic supply chain and instead chose to import them from somewhere else, the pollution wouldn't go away. It would just be outsourced to another country."

In addition to their policy recommendation for proactive air pollution standards, which would likely happen at the national or subnational level, the researchers also examined how changing the battery chemistry in electric vehicles could avoid unwanted SO2 emissions at a more global scale.

While most electric vehicle batteries today rely on cobalt and nickel, the rise of alternative chemistries that use iron and phosphate (so-called lithium iron phosphate batteries) could circumvent some of the concerns associated with mining and refining cobalt and nickel. By avoiding the two minerals, scenarios with high penetration of lithium phosphate batteries resulted in far fewer SO2 emissions from manufacturing.

In all events, Peng said the findings serve as a reminder to keep people at the top of mind when designing decarbonization plans, as even the most promising technologies could come with unwanted and unintended consequences.

"We know about many of the important technologies for cutting carbon emissions," said Peng. "But the other part is how people will be affected by those technologies. My approach is to think about the best ways for technologies and people to intersect, because those strategies will have the best outcomes for the greatest number of people."
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Threat of abrupt mortality events keeps endangered monkey population at risk, despite decades of growth | ScienceDaily
Despite the population being almost four times larger than it was in 1982, a new study published in the journal Ecology suggests the northern muriqui monkeys remain at risk, especially in the face of ongoing habitat disturbances.


						
Northern muriquis, which live in the Atlantic Forest of Brazil, are much more peaceful and egalitarian compared to other primates. They are also one of the most endangered species of monkey in the world.

Karen Strier, a professor of anthropology at UW-Madison and lead author of the paper, has spent 40 years studying the behavior and ecology of these monkeys in a small, preserved portion of Brazilian forest. She teamed up with Anthony Ives, a professor of ecology and evolution at UW-Madison, who is well versed in modeling demographic changes over time.

"My goal is simply to put into statistics what Karen already knows," Ives says. "She knows her data so well, and long-term studies with this level of detail for an endangered species are very rare."

Strier and her team of Brazilian colleagues not only count the number of animals but also track their unique behavior, birth rates, death rates and relationships with one another. They know these animals as individuals, not just data points.

While the species and the land they live on is protected by Brazilian law, the muriquis' mortality rate rose suddenly in 2016 and has not fallen since. Strier and Ives have found that the animals are still reproducing at a steady rate, pointing to other causes for the population decline.

"Our data imply that there may be some environmental stressors in the habitat such as a decline in forest productivity, which affects food availability, climate stress or predation causing the elevated mortality," Strier explains.




The study also confirms the benefit of long-term, detailed studies such as this. By 2015, this population of muriquis had grown to a remarkable 356 animals, compared to the roughly 50 animals it consisted of when Strier had begun her data collection in 1982. Ives used data from the first 33 years of Strier's study to create a model of what the population should look like over the next several decades under the conditions of 2015. It predicted the population would continue to rise exponentially until it reached a carrying capacity of about 500 animals, hovering around that size for the next few decades.

What that model couldn't predict though, was the two years of drought that began in 2014 or the bout of yellow fever that swept through the population in 2016.

"If you just had data up to 2015, you'd say the population is great!" Ives explains. But luckily, Strier and her team continued to collect data beyond the drought and the yellow fever epidemic, making it possible to document the ongoing impact of habitat changes.

When Ives modeled the population changes, accounting for this dramatic decrease from 2016 to 2022, he found the population's predicted carrying capacity to be only about 200 animals. And that's assuming there won't be another abrupt change to mortality like the one that started in 2016.

With predation and habitat change pinpointed as possible limiting factors for this muriqui population, conservationists are getting a clearer idea of where and how action may need to be taken.

"As almost all previous work from Karen, this will open a new window to understand and improve the design of our [conservation] strategies," says Leandro Jerusalinsky, the head of the National Center for Research and Conservation of Brazilian Primates, part of the Ministry of Environment in Brazil.

Strier's data can also be used alongside different models to predict how other populations of muriquis may react to changes in climate and future diseases. Those challenges grow increasingly more likely as climate models predict a warmer, drier world, resulting in increased environmental stress and food scarcity for muriquis and other primates.

Jerusalinsky hopes the data will help them understand what conditions these populations need to survive in the face of a changing world. Eventually it could inform conservation policies that might improve habitat quality management or create habitat corridors between isolated populations of the muriquis.

"Having a person like Karen developing this long-term research and providing these high-quality results is incredible," Jerusalinsky says. "Even in the desperation we have facing this situation of (the muriquis), this gives us a lot of hope in effectively designing the best strategies possible to try to save this species."
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Detailed bedbug genome analysis may improve pesticides | ScienceDaily
Bedbugs. Just mentioning the tiny, biting insects that live on human blood and infest mattresses, couches, and bedding strikes fear into most people. In addition to the anxiety, itching, and rashes an outbreak can cause, bedbugs can be difficult to identify and expensive to treat.


						
Thanks to a new University of Texas at Arlington study published in the Journal of Heredity, scientists now have a better genetic understanding of the insect. The research offers an updated genome analysis of the common bedbug Cimex lectularius, providing new insight for those working to prevent bedbug infestation, develop remediation strategies and track pesticide resistance.

"This new high-quality reference genome provides a valuable resource for enhancing scientific investigations into this medically and economically resurging pest," said author Todd Castoe, professor of biology at UTA.

"We now have an important additional tool for studying patterns of human-associated evolution and adaption for this insect that has wreaked havoc on human populations since the beginning of civilization," added co-author Yannick Francioli, a Ph.D. student in Dr. Castoe's lab.

Although bedbugs have been mentioned in the written record for more than 3,000 years, the pest rose to prominence 1940s, when infestations plagued military bases during World War II. With the introduction of the powerful pesticide DDT (dichlorodiphenyltrichloroethane), the insect was thought to be eradicated in many industrialized nations.

In the 1990s, a combination of the elimination of DDT use due to health concerns, increased pesticide resistance among insects, and increased international travel helped fuel a resurgence of bedbug infestations. Bedbug outbreaks around the world now routinely make news headlines, such as the infestation in Paris hotels before the summer 2024 Olympic Games.

To better understand the genetics of the bedbug, Castoe and Francioli, along with researchers from Virginia Polytechnic Institute and State University, the University of Arkansas, the Dana-Farber Cancer Center, Harvard Medical School, and the Broad Institute of Massachusetts Institute of Technology and Harvard University, obtained a sample specimen of the insect and flash froze it to allow its DNA to be extracted.




From that extraction, the team was able to create a chromosome-level reference genome for the insect using PacBio long-read and Omni-C proximity genetic sequencing tools. This approach, combined with sampling additional male and female individuals, allowed the team to map a contiguous bedbug genome with 15 chromosomes (13 autosomes and two sex chromosomes: X1 and X2), providing a comprehensive genetic map that enhances our understanding of the pest's biology, evolution and insecticide resistance.

Specifically, the identification of the sex chromosomes will help researchers understand the genetic basis of sex determination in bedbugs. This can be particularly useful for developing targeted pest control strategies that exploit sex-specific traits.

"The creation of a chromosome-level reference genome gives us a new and highly accurate contiguous map of the bedbug's genetic material," said Castoe. "This new foundational resource will allow researchers to further understand the genetic basis of traits for the insect that cause issues such as insecticide resistance, which is crucial for developing more effective pest control strategies."

This research was supported by the National Science Foundation Division of Environmental Biology (DEB-1754394), startup funds from the University of Tulsa and Virginia Polytechnic Institute and State University, and the Joseph R. and Mary W. Wilson Urban Entomology Endowment. Additional funding came from a National Science Foundation Doctoral Dissertation Improvement Grant (DEB-1401747).
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Across southeastern US, weedy rice steals herbicide resistance from crop rice | ScienceDaily
Weedy rice is a close relative of cultivated rice that infests rice fields worldwide and drastically reduces yields. To combat this agricultural pest, rice growers in the southeastern United States have been planting rice cultivars that were tweaked to allow them to apply herbicides that target weedy rice without harming the crop.


						
But only a handful of years after the introduction of herbicide-resistant rice in the early 2000s, Arkansas farmers started reporting that weeds in their fields were becoming herbicide-resistant, too. Laboratory analysis verified these accounts: Scientists saw evidence that the weeds were breeding with the crop rice, and that subsequent generations of hybrid weeds had some level of genetic resistance to herbicide.

Now a new study from Washington University in St. Louis shows that more than half of the weedy rice sampled in the rice-growing region of the southeastern U.S. has become herbicide resistant.

WashU scientists found that 57% of 201 samples of weedy rice collected from fields in nine counties or parishes of Missouri, Arkansas and Louisiana in 2022 were resistant to the imidazolinone (IMI) family of herbicides. In addition, 3.5% of samples were resistant to another newer class of herbicides that has only been used in southeastern U.S. rice fields since 2018.

Marshall Wedger, a postdoctoral fellow in biology in Arts & Sciences, has been documenting trends in weedy rice herbicide resistance for years. In previous research, Wedger found that 98% of the weedy rice he sampled in Arkansas rice fields in 2018 had genetic markers for some level of herbicide resistance. For the new study in the journal Molecular Ecology, Wedger expanded his inquiry to include weedy rice sampled from neighboring states and also considered genetic variations within different populations of weedy rice across his study area.

"Clearfield (a trademarked commercial rice seed) has done wonders for rice farmers who were stuck with living with weedy rice. It revolutionized the industry," said Wedger, referring to the herbicide-resistant crop rice that growers started planting in the early 2000s.

"As resistance to IMI became more and more prevalent in the weeds, farmers were eager for the next herbicide resistant cultivar," he said. "Provisia and Max-Ace rice (other commercial rice seeds) are resistant to QPE, which is in an entirely different family of herbicides -- meaning there would be very little cross-resistance. As such, it's another tool in a farmer's arsenal.




"It's similar to antibiotics in medicine," Wedger said. "When resistance becomes widespread, we move on to another antibiotic. It's less that Clearfield failed and more that its lifespan ran its course."

Weedy rice is a scourge of cultivated rice production around the world. Agricultural weeds that are close relatives of crops present a challenge to farmers because of their physical similarities to the crops, which make the weeds difficult to detect and eradicate. Along the way, the imitators compete with crops for water, nutrients and space -- often depressing crop yields.

Up until the early 2000s, weedy rice rarely interbred with the kinds of rice that were commonly grown in the U.S.

The widespread adoption of herbicide-resistant rice coincided with increased reliance on hybrid rice cultivars, Wedger said. Hybrid rice is higher yielding than traditional rice varieties, but it is also prone to shattering more seed in the field.

These seeds can overwinter and reemerge in subsequent years as "volunteer rice." Volunteers flower across a wider window of time, opening up new opportunities for cross-breeding with the closely related weedy rice pest. This is one way that genes can travel from the crop to the pest.

"We find that, at least for now, individual fields have their own compositions of weedy rice in terms of strain makeup and herbicide resistance, which makes management harder," Wedger said.

Weedy rice infestations are important because they have a significant economic impact. Weedy rice causes an estimated $45 million in economic losses in the United States each year -- and hundreds of millions of dollars in additional losses worldwide.

"These findings are yet another indicator of the incredible adaptability of weedy rice and other agricultural weeds -- and their ability to thrive despite our best efforts to control them," said Kenneth Olsen, a George William and Irene Koechig Freiberg Professor of Biology in Arts & Sciences and senior author of the new study. "In this case, they've grabbed the best defense we've had against them -- herbicide resistance -- right from our own high-yielding rice cultivars."

Funding: This study was funded in part through the National Science Foundation (NSF) Plant Genome Research Program (IOS-1947609).
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New study finds marine animals save energy by swimming in a depth 'sweet spot' | ScienceDaily
Researchers from Swansea and Deakin Universities have found that marine animals across mammals, birds and reptiles swim at similar relative depths when travelling and not feeding to save energy.


						
Dr Kimberley Stokes, Professor Graeme Hays and Dr Nicole Esteban from Swansea and Deakin Universities, led research across six institutes in five countries comparing the swim depths of several sea turtle, penguin and whale species. All travelled at around three body depths from the surface in order to swim in the 'sweet spot' that minimises wave formation at the surface and vertical distance travelled.

Some semi-aquatic animals, such as mink, swim at the surface where wave generation is a major source of wasted energy. However for marine birds, mammals and reptiles travelling great distances over their lifetimes, adaptation to minimise the energetic cost of transport is expected, particularly on long journeys.

It has long been known that additional drag from wave creation minimises once a travelling object is at depths greater than three times its diameter, but it was hard to compare with travel depths of wild animals due to tracking limitations.

In this new study published in Proceedings of the National Academy of Sciences (PNAS) near surface swim depths were recorded to within 1.5 centimetres in little penguin and loggerhead turtles, along with motion data and video footage from animal borne cameras. This was compared with satellite tracking data for long-distance migrations in green turtles and data from other studies on penguins and whales. It was found that these animal swim at optimal depths predicted from physics when either 'commuting' to a foraging patch in the wild or migrating over longer distances while not feeding.

Swansea University's Dr Kimberley Stokes, lead author of the study said:

"There are of course examples where animal swim depth is driven by other factors, such as searching for prey, but it was exciting to find that all published examples of non-foraging air-breathing marine animals followed the predicted pattern. This has rarely been recorded because of the difficulty in retrieving depth data from animals that migrate over large distances, so it was great to find enough examples to show a common relationship between swim depth and body size from animals across the size spectrum from 30 cm to about 20 m in length."
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Making the most of Switzerland's wood | ScienceDaily
Switzerland has set itself a goal that is as ambitious as it is necessary: net zero by 2050. One of the most important raw materials on the road to a climate-neutral future is wood. This renewable natural resource binds CO2 from the atmosphere as it grows. Both as a material and as an energy source, wood and its numerous components offer alternatives to fossil fuels and materials. It is therefore hardly surprising that many sectors of industry plan to rely more on wood in future, whether in construction, in textile manufacturing or even in sectors such as electronics, chemicals and pharmaceuticals.


						
Little is known, however, about how much wood is available for all these desired applications and in what form. In order to shed some light on the matter, researchers from Empa and WSL have now comprehensively analyzed all documented material flows of wood in Switzerland. Their study, which was recently published in the journal Industrial Ecology, was carried out as part of SCENE, a joint initiative of the ETH Domain (see box).

Extensive data for an accurate assessment

For their analysis, the researchers used data for the year 2020 from 21 different sources -- a methodological challenge, as the figures in the various sources did not always match. Wood is a diverse raw material that can take many forms on its way from harvest to use, often differing in volume and moisture content: raw timber, sawn wood, wood chips, wood pulp for the paper industry and much more. Harmonizing the different material flows was therefore a Herculean task.

But the effort was worth it. "Comparable studies from abroad rely heavily on modeling. They have data on how much wood is harvested in the forest, and they use this to calculate the subsequent material flows," explains Nadia Malinverno from Empa's Technology and Society laboratory, the lead author of the study. The Empa team, on the other hand, used "real" data almost throughout, from timber harvesting and import/export to processing, recycling and disposal. This results in a much more accurate picture -- albeit not a perfect one, emphasizes Malinverno. "We have to thank our colleagues at WSL and the Federal Office for the Environment (FOEN) for the good data that is available in Switzerland," adds co-author and Empa researcher Claudia Som.

Wood should stay wood for as long as possible

The conclusion: Switzerland still has considerable potential when it comes to sustainable use of wood. For example, the recycling rate for wood is just under eight percent, compared to around 70 percent for paper. What's more: "Of the five to seven million cubic meters of wood that we harvest in Switzerland every year, around 40 percent is used directly for energy -- in other words, it is burned," says Malinverno. The researchers agree that this is far from ideal. Because: "For wood to fulfill its function as a long-term CO2 sink, it should remain in the technosphere as a material for as long as possible," explains Som.

The vision of the researchers and of the SCENE initiative is a so-called cascading use of wood. In this approach, a harvested tree would first be processed into the largest possible high-quality product -- such as beams and boards for construction. This wood should then be (re-)used in this function for as long as possible. Only when reuse is no longer feasible would the wood be broken down into the next material stage, for example as smaller boards, wood chips or wood-based materials. It should only go into the furnace when it can no longer be used as a material.

This is just one possible example of a wood cascade. As part of SCENE, the researchers want to investigate in more detail which uses of wood make the most sense, both from an ecological and economic perspective. One of their goals is to take a closer look at selected material flows: In what form is wood present in a particular flow? Where exactly is it produced? How is it treated? And how else could it be used? Nadia Malinverno, Claudia Som and their fellow researchers will be looking into these questions in the coming years.
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Unlocking the journey of gold through magmatic fluids | ScienceDaily
When one tectonic plate sinks beneath another, it generates magmas rich in volatiles such as water, sulphur and chlorine. As these magmas ascend, they release magmatic fluids, in which sulphur and chlorine bind to metals such as gold and copper, and transport these metals towards the surface of the Earth. As the extreme conditions relevant to natural magmas are very difficult to reproduce in the laboratory, the precise role of the different forms of sulphur in metal transport remains highly debated. However, an innovative approach by a team from the University of Geneva (UNIGE) has demonstrated that sulphur, in its bisulphide (HS-) form, is crucial for the transport of gold in magmatic fluids. These findings are published in Nature Geoscience.


						
When two tectonic plates collide, the subducting plate plunges into the Earth's mantle, heats up and releases large amounts of water. This water lowers the melting temperature of the mantle, which melts under high pressure and temperatures exceeding a thousand degrees Celsius to form magmas. As the liquid magma is less dense than the rest of the mantle, it migrates towards the Earth's surface.

''Due to the drop in pressure, magmas rising towards the Earth's surface saturate a water-rich fluid, which is then released as magmatic fluid bubbles, leaving a silicate melt behind" explains Stefan Farsang, a postdoctoral fellow at the Department of Earth Sciences at UNIGE's Faculty of Science and first author of the study. Magmatic fluids are therefore composed partly of water, but also of dissolved volatile elements such as sulphur and chlorine. These two elements are crucial because they extract gold, copper and other metals from the silicate melt into the magmatic fluid, thus facilitating their migration towards the surface.

Several forms of sulphur

Sulphur can easily be reduced or oxidised, i.e. gain or lose electrons, a process known as redox. The redox state of sulphur is important because it affects its ability to bind to other elements, such as metals. However, one debate has divided the scientific community for more than a decade: what is the redox state of the sulphur present in the magmatic fluid that mobilizes and transports metals?

Zoltan Zajacz, associate professor in the Department of Earth Sciences at UNIGE's Faculty of Science and coauthor of the study, explains: "A seminal paper in 2011 suggested that S3- sulphur radicals play this role. However, the experimental and analytical methods had several limitations, particularly when it came to reproducing relevant magmatic pressure-temperature and redox conditions, which we have now overcome.''

Methodological revolution

The UNIGE team placed a quartz cylinder and a liquid with a composition similar to that of a magmatic fluid in a sealed gold capsule. The capsule was then put into a pressure vessel, which was then brought to pressure and temperature conditions characteristic of magmas emplaced in the Earth's upper crust. ''Above all, our setup facilitates flexible control of the redox conditions in the system, which wasn't possible before," adds Stefan Farsang.




During the experiments, the quartz cylinder is fractured, allowing the synthetic magmatic fluid to enter. The quartz then traps microscopic-sized droplets of fluid like those found in nature, and the form of sulphur in these can be analysed at high temperature and pressure by using lasers with an analytical technique known as Raman spectroscopy. While previous spectroscopic experiments were typically run up to 700 degC, the UNIGE team succeeded in raising the temperature to 875 degC characteristic of natural magmas.

Bisulphide as a transporter

The study shows that bisulphide (HS-), hydrogen sulfide (H2S) and sulphur-dioxide (SO2) are the major sulphur species present in the experimental fluids at magmatic temperatures. The role of bisulphide in metal transport was already well documented in lower-temperature so-called hydrothermal fluids that originate from the higher-temperature magmatic fluids. However, bisulfide was thought to have very limited stability at magmatic temperatures. Thanks to their cutting-edge methodology, the UNIGE team was able to show that in magmatic fluids too, bisulphide is responsible for transporting most of the gold.

''By carefully choosing our laser wavelengths, we also showed that in previous studies, the amount of sulphur radicals in geologic fluids was severely overestimated and that the results of the 2011 study were in fact based on a measurement artefact, putting an end to this debate,'' says Stefan Farsang. The conditions leading to the formation of important precious metal ore deposits have now been clarified. Since much of the world's copper and gold production comes from deposits formed by magma-derived fluids, this study may contribute to their exploration by opening up important perspectives for understanding their formation.
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Scientists develop 3D concrete printing method that captures carbon dioxide | ScienceDaily
Scientists at Nanyang Technological University, Singapore (NTU Singapore) have developed a 3D concrete printing method that captures carbon, demonstrating a new pathway to reduce the environmental impact of the construction industry.


						
The innovative method, detailed in the scientific journal Carbon Capture Science & Technology, aims to significantly reduce the carbon footprint of cement -- a material responsible for 1.6 billion metric tonnes of carbon dioxide (CO2) or about eight per cent of global CO2 emissions -- through lower material usage, reduced construction time, and labour requirements.

The newly developed 3D concrete printing process involves injecting steam and CO2, captured as the by-products of industrial processes, into the mixing concrete, which then directly incorporates and stores the CO2 in the concrete structure.

Results have showed that the CO2 and steam injection method improved the mechanical properties of the concrete, offering increased strength compared to conventional 3D printed concrete.

Principal investigator of the study, Professor Tan Ming Jen from NTU School of Mechanical and Aerospace Engineering (MAE), and NTU's Singapore Centre for 3D Printing (SC3DP), said, "The building and construction sector causes a significant portion of global greenhouse gas emissions. Our newly developed 3D concrete printing system offers a carbon reducing alternative by not only improving the mechanical properties of concrete but also contributing to reducing the sector's environmental impact. It demonstrates the possibility of using CO2 produced by power plants or other industries for 3D concrete printing. Since traditional cement emits a lot of carbon, our method offers a way to plough back CO2 through 3D concrete printing."

The research team believes their innovation represents a promising contribution towards achieving global sustainable development goals and reducing the industry's reliance on conventional energy-intensive processes like reinforced concrete construction.

The new development builds on previous 3D printing for construction research by Prof Tan and his team at NTU's SC3DP, as well as international collaborators.




Improved printability, increased strength and more carbon captured

To develop their 3D concrete printing system, the research team connected the 3D printer to CO2 pumps and a jet that sprays steam.

When activated, the system pumps CO2 and steam into the concrete mix as the structure is printed. CO2 reacts with the components in the concrete, turning into a solid form that stays locked inside the material (sequestered and stored). At the same time, steam improves the absorption of CO2 into the 3D printed structure, enhancing its properties.

In lab tests, researchers found the printed concrete structure showed a 50 per cent improvement in printability -- meaning it can be shaped and printed more efficiently.

The structure also displayed better strength and durability. The printed concrete was up to 36.8 per cent stronger in compression (how much weight it can bear) and up to 45.3 per cent stronger in bending (how much it can flex before breaking) compared to regular 3D printed concrete.

Notably, the method is also greener, absorbing and trapping 38 per cent more carbon dioxide compared to traditional 3D printing methods.

First author Lim Sean Gip, PhD candidate from NTU School of MAE, said, "We are at a critical time where the world is accelerating efforts to meet climate change targets. We believe our technology could contribute to making the construction industry more sustainable."

Co-author, Dr Daniel Tay, Research Fellow from NTU School of MAE, said, "Our proposed system shows how capturing carbon dioxide and using it in 3D concrete printing could lead to stronger, more eco-friendly buildings, advancing construction technology."

A US patent application for the innovation has been filed jointly by NTU and collaborators. In future research, the researchers plan to optimise the 3D printing process to make it even more efficient and potentially use waste gases instead of pure carbon dioxide.
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New simulation method sharpens our view into Earth's interior | ScienceDaily
How does the Earth generate its magnetic field? While the basic mechanisms seem to be understood, many details remain unresolved. A team of researchers from the Center for Advanced Systems Understanding (CASUS) at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR), Sandia National Laboratories in the USA and the French Alternative Energies and Atomic Energy Commission (CEA) has introduced a simulation method that promises new insights into the Earth's core. The method simulates not only the behavior of atoms, but also the magnetic properties of materials. The approach is significant for geophysics, but could also support the development of future technologies such as neuromorphic computing -- an innovative approach to more efficient AI systems. The team presents its findings in the journal PNAS.


						
The Earth's magnetic field is essential for sustaining life, as it shields the planet from cosmic radiation and solar wind. It is generated by the geodynamo effect. "We know that the Earth's core is primarily composed of iron," explains Attila Cangi, Head of the Machine Learning for Materials Design department at CASUS. "As you get closer to the Earth's core, both temperature and pressure increase. The increase in temperature causes materials to melt, while the increase in pressure keeps them solid. Because of the specific temperature and pressure conditions inside the Earth, the outer core is in a molten state, while the inner core remains solid." Electrically charged, liquid iron flows around the solid inner core driven by Earth's rotation and convection currents. These movements produce electric currents, which, in turn, generate the planet's magnetic field.

However, important questions about the Earth's core remain unanswered. For instance, what is the exact structure of its core? And what role do additional elements -- thought to be present alongside iron -- play? Both factors could profoundly influence the geodynamo effect. Clues come from experiments where scientists send seismic waves through the Earth and measure their "echoes" with highly sensitive sensors. "These experiments suggest that the core contains more than just iron," says Svetoslav Nikolov from Sandia National Laboratories, lead author of the study. "The measurements do not agree with computer simulations that assume a pure iron core."

Simulating shock waves on the computer

The research team now achieved significant progress by developing and testing a new simulation method. The key innovation of the method called molecular-spin dynamics lies in the integration of two previously separate simulation approaches: molecular dynamics, which models atomic motion, and spin dynamics, which accounts for magnetic properties. "By combining these two methods, we were able to investigate the influence of magnetism under high-pressure and high-temperature conditions on length and time scales that were previously unattainable," emphasizes CEA physicist Julien Tranchida. Specifically, the team simulated the behavior of two million iron atoms and their spins to analyze the dynamic interplay between mechanical and magnetic properties. The researchers also employed artificial intelligence (AI), using machine learning to determine force fields -- interactions between atoms -- with high precision. Developing and training these models required high-performance computing resources.

Once the models were ready, the researchers performed the actual simulations: the digital model of two million iron atoms, representative of the Earth's core, was subjected to the temperature and pressure conditions found in the Earth's interior. This was done by propagating pressure waves through the iron atoms, simulating their heating and compression. When the speed of these shock waves was lower, the iron remained solid and adopted different crystal structures. When the shock waves were faster, the iron became mostly liquid. In particular, the researchers found that magnetic effects significantly affect the material's properties. "Our simulations agree well with the experimental data," says Mitchell Wood, a materials scientist at Sandia National Laboratories, "and they suggest that under certain temperature and pressure conditions, a particular phase of iron could stabilize and potentially affect the geodynamo." This phase, known as the bcc phase, has not been experimentally observed in iron under these conditions, only hypothesized. If confirmed, the results of the molecular-spin dynamics method could help resolve several questions about the geodynamo effect.

Driving energy-efficient AI

Beyond uncovering new details about the Earth's interior, the method also has the potential to drive technological innovations in materials science. Both in his department and through external collaboration, Cangi plans to use the technique to model neuromorphic computing devices. This is a new type of hardware inspired by the way the human brain works, which could one day process AI algorithms faster and more energy-efficiently. By digitally replicating spin-based neuromorphic systems, the new simulation method could support the development of innovative, efficient hardware solutions for machine learning.

Data storage offers a second compelling avenue for further research: Magnetic domains along tiny nanowires could serve as storage media that are faster and more energy-efficient than conventional technologies. "There are currently no accurate simulation methods for either application," says Cangi. "But I am confident that our new approach can model the required physical processes in such a realistic way, that we can significantly accelerate the technological development of these IT innovations."
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It's worth mixing it up: what combination of policies will lead to a clean energy future? | ScienceDaily
How can we ensure that as many households as possible adopt not only solar panels, but also their own battery to store solar energy, a heat pump, and an electric car? Researchers at the Universities of Basel and Geneva have looked into just this question.


						
Climate protection and the energy revolution must continue to make progress, and private households could make a significant contribution to this goal if they would use environmentally friendly technologies such as solar panels, electric vehicles, and heat pumps. Dr. Mart van der Kam and Professor Ulf Hahnel at the University of Basel, Switzerland, conducted research into the political measures that would be necessary to fully realize this potential.

Together with researchers from the University of Geneva, their team first surveyed nearly 1,500 Swiss households on why they decided for or against environmentally friendly technologies. They then fed the data into a dynamic model representing the households and their interactions as a society of decision-makers. This allowed the researchers to test which policy measures best met the needs of the households and would therefore support these technologies being more widely adopted. Their findings recently appeared in Cell Reports Sustainability.

Individual incentives have too little effect

Mart van der Kam acknowledges that increasing competition among manufacturers is making it more affordable and more attractive for consumers to adopt environmentally friendly technologies such as electric cars. However, he says that political measures are necessary to encourage more widespread use of technologies such as solar panels and heat pumps. "It's not individual incentives, but rather the proper mix of political measures that makes a decisive difference," he emphasizes, summarizing their findings.

Subsidies for solar panels or heat pumps, for example, are just one piece of the puzzle. It is also important to remove the barriers that prevent renters from using these technologies. "Until now, the building owners have had to make the investment, but the renters have profited from the reduced energy costs," van der Kam points out. This has made the investment less worthwhile for the owners.

Solutions for renters

The example of solar panels demonstrates how such hurdles for renters can be dismantled via government intervention: for several years now, renters have had the right to install solar panels on their balconies. Van der Kam suggests that policies supporting similar solutions for heat pumps or energy storage might be possible in the future, perhaps in the form of neighborhood batteries that could be supplied with solar energy from multiple buildings or an entire district at once and then used as a power source.

"Nearly two-thirds of Swiss households are renters. This represents an enormous untapped potential that could provide a major step forward toward the energy revolution," says Ulf Hahnel. He argues that interdisciplinary research that not only takes technological innovations into account, but also consumers' various preferences, can identify paths for targeted stimulus packages and structures. "We must bring different disciplines and their methods together to tackle complex and multifaceted challenges such as climate change and the energy revolution," Hahnel emphasizes.
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Flavonoid powerhouse: Kaempferol's role in taming allergic responses | ScienceDaily
Allergic diseases such as asthma, atopic dermatitis, and food allergies have been increasing in frequency over the last few years. Food allergies in particular affect millions of people worldwide -- this includes allergies to foods such as milk, peanuts, eggs and shellfish. They are typically caused by the immune system being hypersensitive to harmless substances in foods and the environment. Flavonoids are chemicals present in various fruits and vegetables that are known to have anti-allergic effects and show promise as natural allergic treatments.


						
To better understand how these allergies can be treated, let's look at an interesting anti-allergic mechanism in our cells. In the intestines, specialized dendritic cells (DCs) produce an enzyme called RALDH2 (retinaldehyde dehydrogenase 2) which converts retinal, a chemical derived from vitamin A, to retinoic acid. This retinoic acid then promotes the development of regulatory T-cells, a type of immune cell that can suppress the immune response observed in allergies.

Clearly, RALDH2 plays an important role in combating food allergies; however, are there any flavonoids that can increase RALDH2 levels in DCs?

This was the question answered by a group of researchers led by Professor Chiharu Nishiyama at the Tokyo University of Science (TUS), in a letter published online in Allergy on December 11, 2024. In their study, the authors screened around 40 different flavonoids to see if they increased RALDH2 levels in DCs. The most effective of these was a compound called kaempferol, which they chose to study further. The primary contributors to this study were Ms. Miki Takahashi, a 2023 graduate from TUS, Dr. Kazuki Nagata, Assistant Professor at TUS, and Ms. Yumi Watanuki, a 2019 graduate from TUS.

Kaempferol is found in a variety of foods such as kale, beans, tea, spinach, and broccoli. It is also one of the most heavily studied flavonoids due to its beneficial effects on the human body. The researchers observed that kaempferol treatment increased the expression and efficiency of RALDH2 in DCs. Additionally, the kaempferol-treated DCs were found to promote regulatory T-cell development, underscoring its role in controlling the immune response.

To understand the exact mechanism involved in this process, they focused on a 'receptor' called aryl hydrocarbon receptor (AhR) which is targeted by kaempferol. Their experiments on DCs suggested that kaempferol acts as an 'antagonist' or blocks AhR, which in turn accelerates regulatory T-cell development. The next step was to look at factors affecting the Aldh1a2 gene, which actually produces Radlh2.

"In the past, we reported that PU.1 and IRF-4 were key molecules that regulated the Aldh1a2 gene in dendritic cells," says Prof. Nishiyama. "In this study, we found that PU.1 and IRF-4 expression and function were enhanced in dendritic cells stimulated with kaempferol," she further explains, elucidating the PU.1/IRF-4-dependent mechanism behind kaempferol's anti-inflammatory effects.




To see how kaempferol affected immune responses in living organisms, the researchers induced allergies in mice using the OVA (ovalbumin) protein found in egg whites. They found that administering kaempferol to these mice alleviated their allergic symptoms. "The rapid decrease in body temperature and allergic diarrhea observed after OVA administration were significantly suppressed in mice that were administered kaempferol," explains Prof. Nishiyama.

These results indicate that kaempferol is a very promising natural treatment for food allergies. However, the authors note that further studies are required, especially with human cells, to replicate these results and actually use kaempferol as an allergy medicine. While this study focused on kaempferol's role in reducing inflammation, flavonoids as a whole are very promising anti-allergic compounds, as they are present in a large variety of foods.

The authors suggest that the chemical structure of flavonoids may play a role in their ability to accelerate regulatory T-cell development. This has significant implications for how we treat allergies -- regular intake of foods containing high amounts of flavonoids could serve as natural remedies to alleviate allergic symptoms.

Further emphasizing the importance of supplementing your daily diet with flavonoids, Prof. Nishiyama says, "When taken as a daily food, they are expected to reduce allergies, inflammation, and autoimmune diseases that are caused or aggravated by excessive immune response."
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Researchers find previously unknown links between microbial bile acids and the risk of colon cancer | ScienceDaily
Microbes living in our guts help us digest food by reshaping the bile acids that our livers produce for breaking down fats. It turns out that two of these microbially-modified bile acids may affect our risk -- in opposite directions -- for developing colon cancer.


						
The link between these bile acids and colon cancer risk was recently uncovered as University of Wisconsin-Madison scientists sought to better understand the relationship between gut microbes and our bodies.

In many ways, that relationship revolves around a specific protein called the farnesoid X receptor, or FXR, which helps maintain a healthy gut through its intimate relationship with bile acids. FXR controls the production of bile acids in the liver, but it also responds in different ways to the presence of various bile acids that microbes have modified.

"Some microbial bile acids support FXR's function, while others antagonize it," says Ting Fu, an assistant professor in the UW-Madison School of Pharmacy. Fu and her colleagues previously identified the protein as a promising drug target for treating inflammatory bowel disease and colitis, a debilitating gastrointestinal condition that raises the risk for colon cancer.

Now, a team led by Fu, pharmacy professor Jiaoyang Jiang and Dustin Deming, an associate professor in the UW School of Medicine and Public Health, have identified two microbial bile acids that have opposing effects on FXR during the development of tumors in the intestines, with one supporting its function and the other inhibiting it.

Importantly, the bile acids' influence on FXR translates to their effect on the growth of tumors, but with a twist. The bile acid that supports the protein's function slows the growth of cancer, while the bile acid that inhibits FXR acts as fuel for the tumors.

These results were consistent across mouse models of colon cancer the researchers studied, along with organoids -- lab-grown miniature organs -- derived from human colon cancer patients.




This is the first time these specific microbial bile acids have been linked to either the development or protection against colorectal cancer. The team's findings recently appeared in the journal of the Proceedings of the National Academy of Sciences. The results now provide a roadmap for investigating potential new cancer detection methods and novel treatments.

"Understanding these complex mechanisms is a significant step toward improving early detection and developing targeted therapies for colorectal cancer," says Xingchen Dong, a postdoctoral researcher in the UW pharmacy school and lead author of the paper. "This study not only deepens our comprehension of the intricate relationship between gut microbiota and cancer, but also opens new avenues for medical advancements that could potentially benefit millions worldwide."

Fu says the bile acids' opposing roles in the development of intestinal tumors underscores how deeply complex the community of microbes within our guts is.

"I think it's fascinating that microbes can modify bile acids in this way and have such a big impact on our body," she said. "We have more microbes in our body than our own cells, so when something happens to their environment, like the growth of a tumor, some good ones try to help us correct it. But that totally depends on what they need, nutrition-wise."

This research funded by University of Wisconsin-Madison startup grants (AAI3795, AAI3894), UWCCC startup support (AAI5122), UW fall competition support from Wisconsin Alumni Research Foundation (AAL8735), Badger Challenge award (AAM7958), PhRMA foundation Faculty Starter Grant (2024-FSGDS-1161699), American Cancer Society Coaches vs. Cancer Bo Ryan-Jay Holliday Families Fund Research Scholar Grant (RSG-23-1150338-01), Margaret Q. Landenberger Research Foundation (AAM7699), and NIH 1R37CA288447-01.
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Scientists can now predict how climate change will alter plant growth cycles | ScienceDaily
On February 2, 1887, residents of Punxsutawney Pennsylvania consulted a large rodent regarding the arrival of spring, marking the first official celebration of Groundhog Day. According to Rob Guralnick, curator of biodiversity informatics at the Florida Museum of Natural History, our ability to predict the timing of seasons hasn't improved much since then.


						
"We can't generate good forecasts for whether spring will arrive early or late next year nearly as well as we can make predictions about the weather," he said.

Weather patterns influence when a season begins and ends, but the ways in which plants and animals respond to these patterns, called phenology, is just as crucial. Meteorologists can make reliable temperature forecasts months in advance, but when it comes to predicting when a species of tree will start growing leaves throughout its range, scientists are often left shrugging.

When complex factors like climate change are added to the mix, such predictions become even more difficult to make.

But a new study published in the journal Communications Earth & Environment is set to make seasonal forecasting a little less onerous and a lot more reliable. The authors enhanced existing approaches used to predict phenology and added a measurement of how fast an area warms in spring. This improvement allowed the authors to predict how the timing of leaf and flower production would change over a period spanning more than 150 years.

Plant species in the U.S. are flowering three to four weeks earlier than they did 150 years ago

The breakthrough was sparked by the rediscovery of an old 19th-century report containing thousands of detailed phenological observations for plants and animals throughout the eastern United States. The observations represent the earliest effort organized under the Smithsonian Institution to monitor biological cycles in the United states with volunteer collections, making it the first phenology-based citizen science project in the country.




Using these historical growth patterns as a starting point, the authors tested the accuracy of their equations. Given that plants produced leaves and flowers at a certain time in the 1850s, they predicted how the timing of those patterns would have changed 17 years later. They compared their results with modern observations to see how well they matched up.

Theresa Crimmins, the director of the USA National Phenology Network and co-author of the study, happened across the report while working on a book chapter about phenology. "I dug up this old document and realized there was actual data in it. Most of the other reports that had been referenced were just summaries."

The report was the result of a short-lived citizen science network established by the Smithsonian Institution to monitor seasonal conditions and was published in two volumes by the U.S. Patent Office. The production of volume two, which contains the data on plants and animals -- was significantly delayed due to a flurry of official documents that needed to be printed during the Civil War. When it finally made its way into print, the second half of the report contained information on when dozens of plants produced leaves, flowers and fruit from Michigan to Florida and as far west as California.

"This is the oldest dataset we have where we're looking at broad-scale phenology, and the change between then and now is striking," Guralnick said.

To test their equations, the authors began by comparing the historical growth cycles with observations made within the last decade for 18 plant species. They anticipated differences between the two time periods caused by climate change, but they were unprepared for the magnitude of how much had been altered.

"All 18 species advanced their leaf growth and flowering phenology," Crimmins said. "On average, it's occurring more than three weeks earlier than it did in the past. There are some species that are flowering more than a month earlier."

The fact that global warming has resulted in earlier springs and longer summers is well-established, but owing to the lack of historical data, it's rare to obtain confirmation that spans such a large breadth of time.




Rate of springtime warming influences when plants produce leaves and flowers

Not all areas -- or all species -- in the eastern U.S. have experienced the same rate of change over 175 years. Phenology in the northeastern U.S. has, for example, advanced to a greater degree than in the Southeast. The well-worn equations that have been used to predict leaf growth and flowering time have been unable to account for this and other seemingly anomalous patterns.

Normally, scientists use two broad variables to predict phenology: where the plant is located and how much warm weather it needs to become active. This tends to work well for individual species in a limited area, but it's less effective at predicting broad changes, like the arrival of spring for an entire forest.

This limitation is generally attributed to large amounts of variation within and between species.

A maple tree will respond differently than an oak, for example, and an oak in one area will respond differently than an individual of the same species in another.

Climate change throws another curve ball.

"Not only is there variation across species, there's variation across latitudes in the rate of global warming. Climate is warming faster at higher latitudes," said co-author Lindsay Campbell, an assistant professor at the University of Florida's Florida Medical Entomology Laboratory.

But even when scientists account for this unequal warming, there are other patterns that have so far eluded explanation. Red maples, for example, are among the earliest active plants in eastern North America. In late winter and early spring, leafless maples send out numerous crimson flowers that stand out among other bare and dormant trees like a signal flare. Pink azaleas take a more measured approach, with leaves and flowers arriving later in the season, towards mid-Spring. But in some conditions, this sequence can be reversed, and what are generally considered to be later-flowering plants -- such as pink azaleas -- can bear flowers before those considered to be early bloomers -- like maples -- that grow at the same latitude.

Guralnick suspected there was a missing piece of the puzzle that, if found, would help make sense of the patterns. In addition to a plant's location and warmth requirements, he added a measurement for warming velocity, the rate at which heat is ratcheted up during spring. Areas next to large bodies of water tend to have slow warming velocities, because water takes longer to heat than air. Since water also retains warmth longer than air, these areas also tend to have warmer winters. He drew some back-of-the-napkin sketches and sought help from Crimmins and Campbell to refine the idea and develop a model for how warming velocity along with warm requirements might both determine phenology.

To test the idea, two museum interns, Michaela Keys and Carolyn Davis, digitized the historical data from the Smithsonian report. Co-author Erin Grady, a graduate student in the UF department of biology, compiled modern observations taken by citizen scientists that are publicly available through iNaturalist and the National Phenology Network.

After running the numbers, their intuition was confirmed. With the addition of warming velocity, their predictions accurately aligned with the patterns in their data.

It also provided an explanation for the patterns that until then had proven intractable, such as later-flowering plants outpacing early bloomers. Though they generally flower late, a pink azalea in an area where spring temperatures increase rapidly can end up producing flowers before a maple growing in an area where temperatures climb more slowly.

The increased accuracy at predicting cycles within ecosystems may give conservationists a leg up when it comes to planning ahead. As global temperatures continue to increase due to climate change, species are not only changing up when they do things, but they're also doing them in different places as their distributions shift, Guralnick said.

"I've always been skeptical about whether we'll be able to predict what the world will look like in the near future, but I think we're getting better at it as we take a more holistic view and as we get the underlying processes nailed down. Doing so helps us manage the diversity we have left."
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New research about drought impacts on wildlife can inform conservation strategies | ScienceDaily
People around the world are dealing with drought, so it's not shocking that it affects wildlife, too: lack of moisture contributes to habitat loss, affects how animals compete for resources, and leads to dehydration and heat stress. The surprising part? The extreme degree to which many animals may need to adapt.


						
New research predicts that many wildlife species in the continental United States will experience year-long droughts nearly five times as often in the coming decades (2050-2080) than they did historically (1950-2005). In an even more dramatic turn of events, three-year droughts may become nearly seven times more frequent.

"The degree of increased drought exposure for each species in our analysis strongly depends on future greenhouse gas concentrations," said Dr. Merijn van den Bosch, the lead author of the study. "But even under a lower-concentration scenario, virtually all vertebrates face increased year-long and multi-year droughts in the second half of this century. The implications will depend on the species and the length of the drought."

For example, the endangered giant kangaroo rat, which is native to dry habitats in California, has adapted to occasional short droughts. However, populations can plummet after multi-year droughts, compounding existing threats, including a loss of nearly all their historic habitat. This study shows that much of the remaining giant kangaroo rat range soon could face these longer droughts much more often. "That does not bode well for this already-endangered species," said van den Bosch.

Likewise, the ranges of many game species whose populations are not currently at risk -- including certain ducks and other waterfowl and ungulates like elks -- also will face more frequent year-long and three-year droughts in the future. This trend could have implications for wildlife and game management.

Scientists aimed to identify areas with both high biodiversity and large predicted increases in drought to provide information about places where adaptive water management or habitat restoration could benefit the most wildlife species. They used state-of-the-art modeling techniques to predict future scenarios based on six different projections of temperature and moisture conditions. Then, they compared the frequency of observed and projected drought exposure to the range maps of 349 birds, 339 mammals, 280 amphibians, and 253 reptile species and created regional summaries.

It turned out, after they adjusted for land area, that the southwestern United States had the highest number of different species, the highest number of drought-threatened species, and the highest predicted change in drought exposure. "Some of the areas expected to see the greatest increase in drought, such as the southwestern U.S., are already quite dry," said Dr. Zack Steel. "Many species living in these regions are adapted to periodic droughts, but the concern is that if they are already near the limit of what they can tolerate, the large increase in drought we're expecting can have grave consequences for these ecosystems and the wildlife that depend on them."

This research was led by Dr. Merijn van den Bosch, post-doctoral scientist at Colorado State University and the Rocky Mountain Research Station, along with senior author, Dr. Zack Steel, a research ecologist with the Rocky Mountain Research Station. Additional coauthors of this research include Dr. Jennifer Costanza from the USDA Forest Service's Southern Research Station, Dr. Ryan Peek from California Department of Fish and Wildlife, and Dr. John Mola from Colorado State University. For more information, please visit the scientific publication in Communications Earth & Environment.
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Bioengineered yeast microbes as targeted drug delivery systems | ScienceDaily
Researchers from the Yong Loo Lin School of Medicine (NUS Medicine) have developed a groundbreaking way to engineer yeast (Saccharomyces cerevisiae) to create microbial communities that can perform complex tasks and self-regulate their composition in response to external signals.


						
By reprogramming how yeast cells switch types, the team enabled these micro-organisms to form cooperative groups that can perform complex tasks and self-regulate their composition based on external signals. These engineered yeast cells have the potential to help transform personalised healthcare by delivering tailored treatments that adapt to a patient's condition in real time. This approach could lead to more effective therapies with fewer side effects, paving the way for significant advancements in medical treatment while also significantly enhancing the efficiency, sustainability, and scalability of biotech applications.

Traditional microbial biotechnology has focused on single-cell organisms, limiting their ability to handle complex tasks. The NUS Medicine team re-engineered yeast cells to mimic natural ecosystems, enabling them to divide into two specialised types that work together synergistically. These synthetic microbial communities can autonomously adjust their population composition in response to environmental stimuli, making them ideal for tasks undertaken in precision medicine or therapeutic applications in the human gut.

The yeast cells act as microscopic factories, capable of producing therapeutic compounds or breaking down complex substances into simpler, usable forms. By responding dynamically to disease markers -- small molecules that accumulate in the body during illness -- the yeast adjusts its structure and activity to deliver just the right amount of therapeutic compounds. This smart programming ensures the yeast only produces what is needed, reducing waste and increasing precision.

"This artificially engineered smart yeast could revolutionise how microbial communities are controlled for health purposes. As the communities can independently split into different types of cells that work together, it allows them to divide tasks and share the workload, alleviating the burden it places on the cells," said research team leader A/Prof Matthew Chang, Director of the Synthetic Biology Translational Research Programme at NUS Medicine and NUS Synthetic Biology for Clinical and Technological Innovation.

"For example, in the gut these yeast cells can adjust their balance and activity based on health signals, like disease markers, without needing any manual adjustments. This approach reduces stress on the cells and allows for precise production of helpful compounds, making it useful for flexible, targeted therapies in treatments and thus potentially reducing any side effects and improving treatment efficacy."

The research team is now fine-tuning their results, with a focus on optimising how the yeast communities adapt their actions in response to various disease markers. They will then explore the efficacy of using this autonomous system to produce health-conferring molecules for treatment of specific diseases.
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Study assesses virulence of Cryptococcus strains, laying groundwork for improved treatment | ScienceDaily
Ultimately, the goal is to find ways to stop deadly disease caused by Cryptococcus neoformans from developing in humans and animals. But until that time, finding new and better ways to treat already existent disease and its symptoms is a high priority.


						
The laboratory of Kirsten Nielsen in the Center for One Health Research has taken a step toward improved treatment of Cryptococcus, completing a six-year study to examine the virulence of 38 clinical isolates from various strains of Cryptococcus. The results are published in Nature Communications.

"The question that we've been addressing is: Can we predict severe disease outcomes in patients?" said Nielsen, professor of microbiology and immunology in the Virginia-Maryland College of Veterinary Medicine. "If we can predict disease outcome then we can treat patients better. In these studies, we identified not just the genes that allow Cryptococcus to cause disease, but also the gene alleles that allow it to cause more disease or less disease."

Cryptococcus neoformans is a type of fungus that can cause serious infections in humans and many animal species. It's commonly found in the environment, especially in soil contaminated with bird droppings. When a person inhales the microscopic spores of Cryptococcus, it can lead to an infection called cryptococcosis. This infection often affects the lungs and can spread to the brain. People with compromised immune systems, such as those with HIV/AIDS or organ transplant recipients, are at higher risk.

"We're setting the foundation for future treatments," Nielsen said. "Once we understand the biology of the infection, and how it is influenced by different Cryptococcus gene alleles, then we can develop new treatments targeting these genes."

Nielsen came to Virginia Tech this fall after 17 years at the University of Minnesota. She brought $8 million worth of NIH grants to her new lab at COHR. One of those grants supported this most recent research finding.

COHR is a collaboration between the Virginia-Maryland College of Veterinary Medicine and the Edward Via College of Osteopathic Medicine, founded on the principles of One Health, the philosophy that human, animal, and environmental health are inextricably linked.

Nielsen said that the entire genome of each strain was sequenced to find what genes were associated with varying intensities of disease in a mouse model that mimics human disease. The work of further identifying disease impacts and their genetic causes and, potentially, improved treatments for disease will move forward from this study.

"Some of our African collaborators are going to develop diagnostic tests that will identify the allele differences in the genes that we've identified. The hope is that these diagnostic tests can be used in the clinic to predict disease severity and how that should affect treatment strategy," Nielsen said. "My group is also going to be looking more closely at the function of the genes we've identified and how they are influencing disease."
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        Human-like artificial intelligence may face greater blame for moral violations
        In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds.

      

      
        Lost score revives sound of music and voices from centuries past
        A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago. Scholars have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century. Researchers say the tantalizing discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survi...

      

      
        How loss of urban trees affects educational outcomes
        Economists looked at test scores and school attendance for Chicago-area kids before and after a bug infestation wiped out the city's ash trees. Education outcomes for low-income students went down, highlighting how the impacts of ecosystem degradation are disproportionately felt by disadvantaged communities.

      

      
        The social cost of carbon, a crucial tool for setting climate policy, omits key effects
        The social cost of carbon -- an important figure global policymakers use to analyze the benefits of climate and energy policies -- is too low, finds a new study.

      

      
        World Cup soccer is getting faster for men and women alike
        If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study.

      

      
        Almost three quarters of adolescents experience depression or anxiety
        Almost three quarters of adolescents in Australia experience clinically significant depression or anxiety symptoms, with most being chronic, according to a new study. And preventive strategies outside our clinics are urgently required to address this considerable public health problem facing the nation.

      

      
        Being digitally hyperconnected causes 'techno-strain' for employees
        A new study has shown that employees are experiencing mental and physical techno-strain due to being 'hyperconnected' to digital technology making it difficult for people to switch off from work.

      

      
        Biased language in clinical handoffs may negatively impact patient care
        A new study shows that when clinicians hear a patient described with negatively biased language, they develop less empathy towards the patient and, in some cases, become less accurate in recalling the patient's critical health details.

      

      
        Young English speakers are most comfortable with digital health
        Digital health tools, such as patient portals, treatment apps and online appointment schedulers, are increasingly common. But not everyone is equally at home using them.

      

      
        The psychological implications of Big Brother's gaze
        A new psychological study has shown that when people know they are under surveillance it generates an automatic response of heightened awareness of being watched, with implications for public mental health.

      

      
        Long COVID's effects on employment: Financial distress, fear of judgment
        Though research has shown that people with long COVID are more likely to be unemployed, the statistics don't reveal what patients go through before they cut their hours, stop working or lose their jobs. In a new study involving interviews of people with long COVID, researchers describe how the prolonged illness has affected not only patients' job status, but also their overall well-being.

      

      
        Threat of abrupt mortality events keeps endangered monkey population at risk, despite decades of growth
        Despite the population being almost four times larger than it was in 1982, a new study published in the journal Ecology suggests the northern muriqui monkeys remain at risk, especially in the face of ongoing habitat disturbances.

      

      
        Staying sharp: Study explores how brain changes may affect financial skills
        A new article sheds light on how age-related changes may affect the way we handle finances -- and how we can stay sharp as we age.

      

      
        Naughty or Nice? Many parents rely on threats to manage misbehavior -- from no dessert to no Santa
        When young children's behavior becomes challenging, many parents resort to threats -- from taking away toys to threatening that Santa will skip their house, a national poll suggests.

      

      
        It's worth mixing it up: what combination of policies will lead to a clean energy future?
        How can we ensure that as many households as possible adopt not only solar panels, but also their own battery to store solar energy, a heat pump, and an electric car? Researchers have looked into just this question.

      

      
        The great ripple: How a tsunami can disrupt global trade
        Tsunamis can cause immense physical damage to ports, but the economic cost does not stop there. The resultant disruptions of shipping lanes result in billions of dollars in losses every day, as was seen in the 2011 tsunami that hit the Tohoku Region. To better assess the ripple effect a tsunami could cause to shipping lanes in the South China Sea, a group of international researchers carried out 104 tsunami simulations.

      

      
        Exposure to remote wildfire smoke drifting across the US linked to increased medical visits for heart and lung problems
        Wildfire smoke has long been known to exacerbate health problems like heart disease, lung conditions, and asthma, but now a new study finds that smoke from these fires can lead to poor health thousands of miles away. Researchers found that medical visits for heart and lung problems rose by nearly 20 percent during six days in June, 2023, when smoke from Western Canadian wildfires drifted across the country, leading to very poor air quality days in Baltimore and the surrounding region.

      

      
        Overfishing has halved shark and ray populations since 1970
        A new analysis reveals that overfishing has caused populations of chondrichthyan fishes -- sharks, rays, and chimaeras -- to decline by more than 50 per cent since 1970. To determine the consequences, a team of researchers developed an aquatic Red List Index (RLI) which shows that the risk of extinction for chondrichthyan has increased by 19 per cent. The study also highlights that the overfishing of the largest species in nearshore and pelagic habitats could eliminate up to 22 per cent of ecolog...

      

      
        Mothers bear the brunt of the 'mental load,' managing 7 in 10 household tasks
        The study, conducted in the US, found that mothers take on seven in ten (71%) of all household mental load tasks.

      

      
        Researchers reduce bias in AI models while preserving or improving accuracy
        Researchers developed an AI debiasing technique that improves the fairness of a machine-learning model by boosting its performance for subgroups that are underrepresented in its training data, while maintaining its overall accuracy.

      

      
        Water and forests in Southern US
        Climate and land use change have and will continue to alter streamflow regimes and water quality through the 21st century, with consequences for drinking water treatment costs, flood protection, and other ecosystem services, according to the new report. The report is designed to inform forest sector decision-makers and the interested public about observed trends, anticipated futures, and critical issues based on authoritative synthesis and interpretation of existing science, data, and 50-year pro...

      

      
        Evaluating food safety control strategies for produce industry
        Leafy greens can become contaminated with pathogenic E. coli or other bacteria through splashes of soil or contaminated irrigation water in the field, or through processing and handling. Growers and processors work hard to implement multiple safety procedures, but contaminated products still slip through the cracks and reach consumers. A new study looks at control measures and product testing in the produce supply chain, aiming to determine the most effective risk management strategies under a ra...
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Human-like artificial intelligence may face greater blame for moral violations | ScienceDaily
In a new study, participants tended to assign greater blame to artificial intelligences (AIs) involved in real-world moral transgressions when they perceived the AIs as having more human-like minds. Minjoo Joo of Sookmyung Women's University in Seoul, Korea, presents these findings in the open-access journal PLOS ONE on December 18, 2024.


						
Prior research has revealed a tendency of people to blame AI for various moral transgressions, such as in cases of an autonomous vehicle hitting a pedestrian or decisions that caused medical or military harm. Additional research suggests that people tend to assign more blame to AIs perceived to be capable of awareness, thinking, and planning. People may be more likely to attribute such capacities to AIs they perceive as having human-like minds that can experience conscious feelings.

On the basis of that earlier research, Joo hypothesized that AIs perceived as having human-like minds may receive a greater share of blame for a given moral transgression.

To test this idea, Joo conducted several experiments in which participants were presented with various real-world instances of moral transgressions involving AIs -- such as racist auto-tagging of photos -- and were asked questions to evaluate their mind perception of the AI involved, as well as the extent to which they assigned blame to the AI, its programmer, the company behind it, or the government. In some cases, AI mind perception was manipulated by describing a name, age, height, and hobby for the AI.

Across the experiments, participants tended to assign considerably more blame to an AI when they perceived it as having a more human-like mind. In these cases, when participants were asked to distribute relative blame, they tended to assign less blame to the involved company. But when asked to rate the level of blame independently for each agent, there was no reduction in blame assigned to the company.

These findings suggest that AI mind perception is a critical factor contributing to blame attribution for transgressions involving AI. Additionally, Joo raises concerns about the potentially harmful consequences of misusing AIs as scapegoats and calls for further research on AI blame attribution.

The author adds: "Can AIs be held accountable for moral transgressions? This research shows that perceiving AI as human-like increases blame toward AI while reducing blame on human stakeholders, raising concerns about using AI as a moral scapegoat."
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Lost score revives sound of music and voices from centuries past | ScienceDaily
A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago.


						
Scholars from Edinburgh College of Art and KU Leuven in Belgium have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century.

Researchers say the tantalising discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survives from the northeast of Scotland from this period.

The scholars made the discovery in a copy of The Aberdeen Breviary of 1510, a collection of prayers, hymns, psalms and readings used for daily worship in Scotland, including detailed writings on the lives of Scottish saints. Known as the 'Glamis copy' as it was formerly held in Glamis Castle in Angus, it is now in the National Library of Scotland in Edinburgh.

Despite the musical score having no text, title or attribution, researchers have identified it as a unique musical harmonisation of Cultor Dei, a night-time hymn sung during the season of Lent.

The Aberdeen Breviary came from an initiative by King James IV who issued a Royal Patent to print books containing orders of service in accordance with Scottish religious practices, rather than needing to rely on importing texts from England or Europe.

The researchers say the composition is from the Aberdeenshire region, with probable links to St Mary's Chapel, Rattray -- in Scotland's far northeastern corner -- and to Aberdeen Cathedral.




The discovery was made as researchers examined numerous handwritten annotations in the margins of the Glamis copy.

Of primary interest to the scholars was a fragment of music -- spread over two lines, the second of which is approximately half the length of the first -- on a blank page in a section of the book dedicated to Matins, an early morning service.

The presence of the music was a puzzle for the team. It was not part of the original printed book, yet it was written on a page bound into structure of the book, not slipped in at a later date, which suggests that the writer wanted to keep the music and the book together.

In the absence of any textual annotations on the page it was not clear whether the music was sacred, secular or even for voices at all, the researchers say.

After investigation they deduced it was polyphonic -- when two or more lines of independent melody are sung or played at the same time. Sources from the time say this technique was common in Scottish religious institutions, however very few examples have survived to the present day.

Looking closer, one of the team members realised that the music was a perfect fit with a Gregorian chant melody, specifically that it was the tenor part from a faburden, a three- or four-voice musical harmonization, on the hymn Cultor Dei.




David Coney, of Edinburgh College of Art, who discovered the identity of the music, said: "Identifying a piece of music is a real 'Eureka' moment for musicologists. Better still, the fact that our tenor part is a harmony to a well-known melody means we can reconstruct the other missing parts. As a result, from just one line of music scrawled on a blank page, we can hear a hymn that had lain silent for nearly five centuries, a small but precious artefact of Scotland's musical and religious traditions."

As well as uncovering lost sounds within its pages, researchers have also traced how the Aberdeen Breviary may have been used, and by whom, over its long history. At one time used as the private service-book of the illegitimate son of a high-ranking chaplain at Aberdeen Cathedral, himself a rural priest, it would later become a treasured family heirloom of a Scottish Catholic whose travels led him from post-Reformation Scotland to the capitals of the Habsburg and Ottoman Empires.

Lead author, Dr Paul Newton-Jackson, of KU Leuven, said: "The conclusions we have been able to draw from this fragment underscore the crucial role of marginalia as a source of new insights into musical culture where little notated material survived. It may well be that further discoveries, musical or otherwise, still lie in wait in the blank pages and margins of other sixteenth century printed books held in Scotland's libraries and archives."

In 2023, Dr Newton-Jackson was also a post-doctoral fellow at the University of Edinburgh's Institute for Advanced Studies in the Humanities.

Dr James Cook, of Edinburgh College of Art, said: "For a long time, it was thought that pre-Reformation Scotland was a barren wasteland when it comes to sacred music. Our work demonstrates that, despite the upheavals of the Reformation which destroyed much of the more obvious evidence of it, there was a strong tradition of high-quality music-making in Scotland's cathedrals, churches and chapels, just as anywhere else in Europe."

The study is published in the Journal Music and Letters.
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How loss of urban trees affects educational outcomes | ScienceDaily
It's well established that urban tree cover provides numerous environmental and psychological benefits to city dwellers. Urban trees may also bolster education outcomes and their loss could disproportionately affect students from low-income families, according to new research by University of Utah social scientists.


						
Economics professor Alberto Garcia looked at changes in school attendance and standardized test scores at schools in the Chicago metropolitan region over the decade after a non-native beetle called the emerald ash borer appeared in North America, eventually killing millions of ash trees along the streets and yards of Midwestern cities. His results are both alarming and insightful, revealing a complex interplay between environmental degradation and social inequities.

Linking tree loss to education

The study analyzes how the loss of tree cover influenced education outcomes in the Chicago metropolitan region, which was hit hard by the infestation. Ash had been the region's most common non-invasive tree species, accounting for 18% of its street trees, or about 85,000 trees. Between 2010 and 2020 Chicago lost half its standing ash, with the remaining half already dead or in decline, according to the Morton Arboretum.

The study tracked changes in student performance on a standardized test administered to 3rd- through 8th-graders in Illinois, from 2003 to 2012.

"We found that test scores in areas with ash borer infestations were reduced after the onset of those infestations relative to unaffected areas that were similar," Garcia said.

"We also looked at heterogeneity in the income distribution, and we found that schools with more low-income students were less likely to experience infestations. These neighborhoods have less tree cover, so there is less likelihood that ash borer is going to establish," he continued. "We don't think that the low-income students in unaffected areas are impacted, but the low-income students at these impacted schools seem to be affected more than better-off students at these same schools."

The results were reported this month in the journal Global Environmental Change. The study was co-authored by ecologist Michelle Lee, who recently joined the School of Environment, Society & Sustainability as a professor in the Utah's College of Social & Behavioral Science after completing a postdoctoral fellowship at Penn State.




Prior research shows students in neighborhoods with greater tree cover see better test scores. A recent study by U sociologists and geographers, for example, demonstrated how low-income Utah neighborhoods have less tree canopy near their schools. Meanwhile, schools with greater tree cover had fewer students testing below proficient on year-end math and language arts exams.

Generally speaking, better education outcomes could simply be a function of these leafy neighborhoods' higher incomes, Garcia noted.

"Our study is trying to come a little closer to establishing a causal link," Garcia said. "We used this natural experiment of the emerald ash borer beetle being introduced and then idiosyncratically spreading around the different neighborhoods in the Chicago metropolitan area."

To conduct the study, Garcia and Lee built a novel dataset, combining satellite imagery with Illinois' standardized testing data and emerald ash borer survey efforts.

"We got kind of lucky that the state of Illinois was administering this standardized test in that same window when the ash borer first arrived in the area," Garcia explained. "Every school in Illinois was taking the same test, so we had consistent data across schools and through time."

Disparate impacts on students

Instead of merely reaffirming the tree cover-test score correlation, Garcia and Lee were able to track changes in school attendance and scores on standardized tests as the beetle infestation ran its course, laying waste to Chicago's ash trees over the span of a decade.




The study identified a 1.22% reduction in the number of students meeting or exceeding Illinois' standardized testing benchmarks in areas hit by the ash borer. This seemingly modest drop carries significant implications when scaled across the entire student population.

"We found that schools with more low-income students were less likely to experience infestations because these neighborhoods have less tree cover," Garcia noted. "But the low-income students at wealthier schools, where infestations were more common, seemed to bear the brunt of the impacts."

Speculating on the mechanisms driving these effects, Garcia noted loss of tree cover could exacerbate urban heat islands, increase air pollution, and diminish the psychological and physiological benefits that greenery provides.

"Some possible explanations are just that those students don't have the same resources to go home and recover from, for example, extreme temperatures or pollution-induced headaches the same way that higher-income students at the same schools might have," Garcia said.

Low-income students may also spend more time outdoors in their neighborhoods or remain longer near the school, increasing their exposure to degraded environmental conditions. Conversely, wealthier students might commute from more distant areas or have access to climate-controlled environments that mitigate these impacts.

Environmental justice implications

The findings highlight how environmental changes disproportionately affect vulnerable populations. While low-income neighborhoods were less likely to lose tree cover, low-income students -- particularly those attending wealthier schools -- suffered setbacks when infestations occurred.

"It's not just about access to environmental amenities," Garcia said. "It's about understanding how their absence can create inequities that ripple through critical aspects of life, like education."

The study underscores the importance of urban forestry initiatives and invasive species management. Efforts to maintain and restore tree cover could play a vital role in mitigating environmental and social disparities. Garcia's work also opens the door for further exploration into how ecosystem changes shape human outcomes, particularly in urban settings where environmental inequities are stark.
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The social cost of carbon, a crucial tool for setting climate policy, omits key effects | ScienceDaily
The social cost of carbon -- an important figure that global policymakers use to analyze the benefits of climate and energy policies -- is too low, according to a study led by the University of California, Davis.


						
The study, published today in the journal Proceedings of the National Academy of Sciences (PNAS), shows that current estimates for the social cost of carbon, or SCC, fail to adequately represent important channels by which climate change could affect human welfare. When included, the SCC increases to just over $280 per ton of CO2 emitted in 2020 -- more than double the average published in the academic literature. The study's estimate is also larger than the U.S. Environmental Protection Agency's central estimate of $190 per ton of CO2.

"When people worry about climate change, they worry about the risk and uncertainty it causes," said lead author Frances Moore, an associate professor in the Department of Environmental Science and Policy at UC Davis. "They worry about long-term, persistent accumulating effects, such as climate change acting as a drag on economic growth. They worry about impacts to very unique natural systems or cultural heritage that are just irreplaceable. Those are what keep people up at night about climate change, and those are not fully included in SCC estimates currently used for policymaking."

Climate change and the damage done

The social cost of carbon quantifies the damage a ton of carbon dioxide has on society and the economy, including food production, human health, property damage due to natural disasters, and impacts to natural systems. Estimates of the SCC are used widely in policy analysis, particularly to value the benefits of reducing greenhouse gas emissions. The United States, Germany, Canada and several states all have official SCC estimates used for policy making.

Most current government estimates, the study said, are incomplete and likely underestimate the benefits of reducing greenhouse gas emissions. This is because they omit some important ways climate change can affect human welfare, including via economic growth or effects on unique natural systems.

The study combines evidence from both the published literature and a survey of experts to fully integrate these elements into the SCC estimate, providing the most comprehensive assessment of SCC estimates to date.




Accounting for omissions

For the study, the authors synthesized 1,800 SCC estimates from the academic literature over the past 20 years and found a wide range of published values averaging $132 per ton of CO2.

The scientists also conducted an expert survey with the authors of the literature, who said they thought the true value of the SCC was likely twice as large as the average of published values. Experts attribute this to a range of omissions in the academic literature, including limited representation of climate tipping points, effects on scarce ecosystems, or climate impacts with long-lived effects on the economy such as impacts on economic growth.

The authors then used machine learning to re-weight the literature, partially correcting some of the omissions identified by experts and using more recent evidence on discount rates. This produced a distribution of the 2020 SCC with a mean of $283 per ton of CO2 and an interquartile range of $97 to $369.

The study states: "Incorporating climate costs into the prices of economic activities that emit greenhouse gases, either directly through carbon pricing or indirectly through emission regulation or subsidies of cleaner alternatives, is essential for averting the worst climate outcomes."

The study's coauthors are Moritz Drupp from the University of Hamburg, James Rising from the University of Delaware, Simon Dietz from the London School of Economics and Political Science, Ivan Rudik from Cornell University, and Gernot Wagner from Columbia Business School.
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World Cup soccer is getting faster for men and women alike | ScienceDaily
If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study published in the International Journal of Performance Analysis in Sport.


						
Professor Kevin Norton from the School of Health Sciences at UNSW Sydney analysed broadcast footage of 12 FIFA World Cup finals -- 2014-2022 for men and 1991-2023 for women -- to assess trends in the game.

Prof. Norton reviewed historical video footage with the support of computer-based tracking technology to track and quantify patterns, using what is called a retrospective correlation design. The study built on Prof. Norton's previous analysis of men's World Cup soccer finals games from 1966-2010, so ultimately took in the broadcast footage of 15 men's FIFA World Cup finals (1966-2022) and 9 women's finals (1991-2023) to quantify changes over time in specific metrics of finals games.

"The study confirms what football fans are likely to have observed, and that is that football is evolving for both the men's and women's game," says Prof. Norton.

"You can see that successful approaches stick around and unsuccessful attributes tend to disappear," says Prof. Norton, who is an expert in the evolution of elite sports performance.

"Looking at the World Cup finals was a way to see what is bringing the most success in terms of the evolution of soccer. And both the men's and women's game are on a similar trajectory, at a very similar rate," he says.

Games were analysed as halves to determine trends within games, and extra time (played if the scores are tied at the end of World Cup finals) was not included in this analysis.




The study looked at three broad categories: 1) game 'structure' using indicators such as the number and duration of play and stop periods, 2) distances and speed of ball movement and 3) passing rates relative to play time and overall ball movement.

The study found that total stoppage time, ball speed and passing rates increased significantly for both men and women, with ball speed increasing faster for women than men as speeds have converged over the last decades.

Game structure

By measuring play and stop patterns within games, the study found that total play times for men and women have remained unchanged over time (at around 50 minutes per game). However, total game stoppage time -- during which the clock stops -- has shown progressive increases.

Women's play percentage decreased significantly across time from an average of 65% to 55% of total game time to match current men's finals games play percentages. And the duration of stoppages has increased for both men and women.

"The increased stoppage time is likely allowing for an elevated intensity of play due to the opportunity for physiological recovery during stoppages," explains Prof. Norton.




Ball movement

The distance the ball travels during a game showed no significant change over time for men, but it increased for women. The speed of ball movement, however, has increased significantly in both men's and women's games. The study noted that the ball speed in women's games increased at a greater rate than in men's games as the women's ball speed continues to converge with the men's.

Passing rates

Passing rates continue to increase for both men and women as skills and accuracy further advance. Higher passing rates require superior decision-making skills, stealth movements and rapid ball control.

Key findings

"Speed is increasingly an advantage in football, which means all teams are looking to sign up faster players, and in turn they need to be skilful while moving fast. Players need to be able to control the ball almost instantaneously in a dense environment now, which is a change you can see over time," says Prof. Norton.

"The increased speed also means players need the ability to make decisions quickly, along with being accurate and fast in passing," he says.

Observing that success in the World Cup is linked with increased speed, and skill at speed, means teams are likely to focus their talent development on players with these attributes.

"Similarly, training and development will evolve to look at how to support the higher physical demands on players, by ensuring energy supply, and strategies to prevent fatigue and injury," says Prof. Norton.

"If these trends continue, pace, power, rapid decision-making and the ability to pass the ball precisely at high speed will become even more important," he says.

The women's game

This is the first study that has measured Women's World Cup soccer finals, and the evolution of the game has not been documented across this period.

"There has been significant underrepresentation of female athletes in sports science and medicine publications in most sports," says Prof. Norton.

"One of the interesting findings of this study is that both games are on the same trajectory. The professionalisation of women's soccer has meant women are playing full-time, and the speed and style of the game is now resembling the speed and style of the men's game, showing that the model is successful, otherwise the teams wouldn't continue on that pathway," he says.

Study limitations

The study is based on 15 men's games played over a 56-year period and 9 women's games over a 32-year period. And although the World Cup finals represent competition at the pinnacle of soccer performance, it may not be representative of soccer evolution in general. Games can also vary depending on contexts such as weather conditions, team strategies such as time wasting, refereeing style, score-line, injury and substitution use.

"Despite these game-to-game influences, we can observe an evolution of the game, and measure it to confirm statistically significant trends," says Prof. Norton.

The future

"Modern games are all about playing in very close, high-density environments where players need to think quickly to skillfully move the ball through that traffic. That's the way it's going, but can the game ultimately get faster?" asks Prof. Norton.

As the game evolves, the skills of stars like Lionel Messi and Sam Kerr will become a benchmark rather than an exception.

Another consequence of increased intensity is the toll it takes on players' bodies.

"Playing at such intensity every game takes its toll on the body and is associated with higher injury incidence. Managing players through appropriate training loads, recovery strategies and rehabilitation programs will become even more critical," says Prof. Norton

And on a final practical note, says Prof. Norton: "Players who can succeed at the pinnacle of sport are rare and finding them will involve searching every corner of the world ... and they will be remunerated accordingly."
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Almost three quarters of adolescents experience depression or anxiety | ScienceDaily
Almost three quarters of adolescents in Australia experience clinically significant depression or anxiety symptoms, with most being chronic, according to a new study. And preventive strategies outside our clinics are urgently required to address this considerable public health problem facing the nation.


						
The research, led by Murdoch Children's Research Institute (MCRI) and published in The Lancet Psychiatry, found mental health problems were frequently chronic with 64 per cent reporting symptoms three or more times across their adolescent years.

MCRI Dr Ellie Robson said the rate and recurrence of depression and anxiety symptoms were concerning given mental health problems during adolescence had serious consequences across the lifespan.

"These are striking findings, particularly given how many young people experienced symptoms over multiple years of the study and how much depression and anxiety symptoms can affect young people's functioning and can have long-lasting negative health outcomes," she said.

For the study 1,239 children from Melbourne enrolled in the Child to Adult Transition Study (CATS) had their symptoms of anxiety and depression tracked every year from 10 to 18 years of age.

Girls were at increased risk with 84 per cent compared to 61 per cent of boys having depression or anxiety symptoms at least once during adolescence. Girls were also more likely to have a chronic course at 72 per cent and 49 per cent, respectively.

The onset of anxiety and depression symptoms increased at times that coincided with educational stress such as the primary to secondary school transition, exam periods and the end of compulsory education. Three quarters of participants who struggled with mental health problems during the COVID-19 years already had symptoms, highlighting factors beyond the pandemic stressors.




MCRI Professor Susan Sawyer said that despite growing concerns about adolescent mental health, until the CATS, few studies had comprehensively charted the course of common mental disorders across this key life stage.

"To our knowledge, this longitudinal study shows the highest cumulative incidence of clinically significant symptoms of common mental disorders that has ever been reported across adolescence from any country," she said.

"This high incidence of common mental health problems suggests that even the most well-resourced country would struggle to provide adequate treatment if every young person sought help. Beyond clinical care, we urgently need to fund, develop and evaluate preventive strategies that aim to reduce the onset and chronicity of depression and anxiety."

Dr Robson said; "Adolescents today are growing up in a distinctly different psychosocial landscape than earlier generations, one that is characterised by greater mental health literacy, reduced stigma, and at times the glamorisation of mental health problems. Given this context, our next step will be to explore what impact these reported symptoms have on the functioning and health outcomes of contemporary adolescents."

GenV, tracking the health and wellbeing of Victorians, from birth to old age, will also provide invaluable insights into the health challenges faced by our young people including mental health problems.

One of the world's largest-ever birth and parent cohort studies, GenV has seen almost 50,000 babies (over 100,000 newborns, mothers and fathers) sign up. Recruitment for children born in 2021-2022 is still open. Learn more on the GenV website.

Researchers from The Royal Children's Hospital, the University of Melbourne, Deakin University and the University of Bristol also contributed to the findings.
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Being digitally hyperconnected causes 'techno-strain' for employees | ScienceDaily
A new study has shown that employees are experiencing mental and physical techno-strain due to being 'hyperconnected' to digital technology making it difficult for people to switch off from work.


						
Researchers from the University of Nottingham's Schools of Psychology and Medicine conducted detailed interviews with employees from a range of professions and found that the cognitive and affective effort associated with constant connectivity and high work pace driven by the digital workplace is detrimental to employee wellbeing. The results have been published today in Frontiers in Organizational Psychology.

This new paper is the final part of a research project exploring the 'dark side effects' of digital working which include stress, overload, anxiety and fear of missing out. The results highlight an overarching theme of 'digital workplace technology intensity' as a result of digital workplace job demands.

The findings in this latest paper indicate a sense of burden associated with working digitally which surfaced for most participants in perceptions of overload and feelings of being overwhelmed by the proliferation of messages, applications and meetings in the digital workplace. Fear of missing out on important information and contact with colleagues also contributed to stress and strain for digital workers, as did hassles encountered when using digital technologies.

Elizabeth Marsh, ESRC PhD student from the School of Psychology led the qualitative study and said: "Digital workplaces benefit both organisations and employees, for example by enabling collaborative and flexible work. However, what we have found in our research is that there is a potential dark side to digital working, where employees can feel fatigue and strain due to being overburdened by the demands and intensity of the digital work environment. A sense of pressure to be constantly connected and keeping up with messages can make it hard to

psychologically detach from work."

Fourteen employees were interviewed in detail and asked about their perceptions and experiences of digital workplace job demands and impacts to their health. In the analysis, the researchers explore potential underlying psychological, technological and organisational factors that may influence ways in which employees experience the digital workplace job demands.




Participants' dark side experiences were particularly shaped by a pervasive and constant state of connectivity in the digital workplace, termed "hyperconnectivity." These experiences contributed to a sense of pressure to be available and the erosion of work-life boundaries. The evidence also indicates that this hyperconnectivity has become the norm among workers post-pandemic.

Comments from interviewees included: 

"[It's] just more difficult to leave it behind when it's all online and you can kind of jump on and do work at any time of the day or night." 

"You kind of feel like you have to be there all the time. You have to be a little green light."

"It's that pressure to respond [...] I've received an e-mail, I've gotta do this quickly because if not, someone might think "What is she doing from home?"

Elizabeth adds: "The findings underline the need for both researchers and professionals to identify, understand and mitigate the digital workplace job demands to protect the well-being of digital workers."

The research makes practical suggestions for employers which include helping workers improve their digital skills and empowering them to manage boundaries in the digital workplace. The findings could also be used by technology departments to consider how to improve usability and accessibility of the digital workplace, as well as reining in the proliferation of applications. Understanding employees' needs and preferences for digital working is important to inform such work.

Dr Alexa Spence, Professor of Psychology adds: "This research extends the Job Demands-Resources literature by clarifying digital workplace job demands including hyperconnectivity and overload. It also contributes a novel construct of digital workplace technology intensity which adds new insight on the causes of technostress in the digital workplace. In doing so, it highlights the potential health impacts, both mental and physical, of digital work."

The research was funded by ESRC-MGS (Economic and Social Research Council -- Midland Graduate School).
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Biased language in clinical handoffs may negatively impact patient care | ScienceDaily
When doctors and nurses pass patient information from one shift to another -- an exchange known as a "handoff" -- the specific words they use behind closed doors matter more than they might realize. A new study published in JAMA Network Open shows that when clinicians hear a patient described with negatively biased language, they develop less empathy towards the patient and, in some cases, become less accurate in recalling the patient's critical health details. Such shifts in perception may be subtle and unintentional in many cases, but as these hidden biases stack up, they can influence the care patients ultimately receive.


						
"A lot is going on here cognitively -- how we're processing information as clinicians, and how editorializing or talking about the patient negatively can really cloud the mind of the listener and impact the care they ultimately give that patient," said lead author Austin Wesevich, MD, MPH, MS, a hematologist and health services researcher at the University of Chicago Medicine.

This new study builds on previous research published in JAMA Pediatrics in which Wesevich and colleagues at Duke University recorded and analyzed real-life handoffs at a major medical center. In that earlier work, they found that these behind-the-scenes briefings included negative or biased language 23% of the time, especially when discussing certain groups such as Black patients or patients with obesity.

To see how these biases affect listeners, the researchers designed a follow-up survey-based experiment in which each participating clinician heard three short, recorded handoffs closely modeled on actual ones.

For each handoff scenario, the researchers created two versions: a neutral one that simply stated the patient's situation and needs, and a biased one that expressed either a negative stereotype, blame, or doubt about the patient's credibility. After listening to each handoff, participants answered a single multiple-choice question testing their recall of key medical details, completed a survey that measured their attitude towards the patient, and wrote down three short "key takeaways" from what they heard.

"Unsurprisingly, our results confirmed that when you hear biased language about someone, you feel less positively about that person," Wesevich said. "But it was striking to find that when participants heard some level of blame being directed towards the patient for their condition, they were then less likely to correctly answer the multiple-choice question about the patient's care."

Hearing a patient described with scorn, skepticism, or stereotype-based assumptions appears to reduce the listener's ability to recall essential clinical details like lab results, symptoms to watch for overnight, or recommended treatments.




In the paper, the researchers note that racially minoritized patients experience a disproportionate rate of medical errors in their care. Avoiding bias in handoffs could increase empathy and reduce error rates -- factors directly linked with health outcomes.

"When we notice in these handoffs that certain types of patients are experiencing the brunt of the problem, then we need to do something to try to help alleviate that situation," Wesevich said. "I think standardization of handoffs is the way to protect vulnerable patients by making the playing field of privilege more level."

By pushing for standardized handoffs -- where only neutral, medically relevant facts are shared, and unnecessary commentary or personal frustrations are left out -- the researchers argue that healthcare institutions can help prevent bias from creeping into these crucial communications. Some medical organizations have begun issuing guidelines to streamline handoffs, and this study adds evidence that such efforts could help safeguard patient well-being.

Even while hospital leaders, educators and policymakers are working to design standardized guidelines, oversight and training aimed at neutralizing bias, Wesevich emphasizes that patients and families can also make a difference. Speaking up when something feels "off," making sure questions are answered well, and ensuring that the next shift knows important details could all help counter the effects of stereotyping, blame and doubt.

"Those who work in healthcare are often very well-intentioned, but they're human beings, and they get frustrated by things, and they express different biases -- both implicit and explicit," Wesevich said. "So trying to advocate for yourself or your loved ones is important because you don't know if a clinician heard or internalized everything you'd want them to know when caring for you after a handoff."
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Young English speakers are most comfortable with digital health | ScienceDaily
Study shows how language, education and age affect someone's ability to engage with digital health tools.


						
Digital health tools, such as patient portals, treatment apps and online appointment schedulers, are increasingly common. But not everyone is equally at home using them.

To find out how language, education and age may affect a person's comfort in using digital tools, UC San Francisco researchers surveyed caregivers of hospitalized children at UCSF Benioff Children's Hospitals.

The researchers found that being a Spanish speaker, having less education, and being older all made people feel less comfortable with digital health tools.

"Digital health tools are meant to improve health access and outcomes, but they must be useful for people from all backgrounds to avoid deepening existing health inequities," said Naomi Bardach, MD, professor of pediatrics at UCSF Benioff Children's Hospitals.

"We don't want to leave people behind, whether they are older adults, people with lower education, or those of a specific race, ethnicity or language background."

The study appears Dec. 17 in the Journal of the American Medical Informatics Association.




Comfort levels could affect treatment

Researchers asked how well people felt they could engage with digital tools, how motivated they were to use them, and how safe and in control they felt while they were using them. This was intended to measure people's concerns about the privacy of digital health tools.

Education was the most important factor, after language. Having a high school education or less was most strongly associated with lower scores in all three areas measured.

Latinx and Black caregivers scored significantly lower on "feeling safe and in control" with digital tools. Rural caregivers, however, scored higher on the privacy measure, and they were more motivated to use digital tools.

Those over 45 were less motivated to use digital tools, and they also felt less safe and in control while using them. But they felt able to engage with them if they wanted to.

"Accessing these tools affects all kinds of things, like requesting medication refills online, tracking the number of steps per day, or helping a child play a therapeutic game for ADHD," Bardach said.

"We all need to be thinking about how to make sure people can use them comfortably, and if they can't, how to provide an alternative."
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The psychological implications of Big Brother's gaze | ScienceDaily
A new psychological study has shown that when people know they are under surveillance it generates an automatic response of heightened awareness of being watched, with implications for public mental health.


						
In a paper published in the journal Neuroscience of Consciousness psychology researchers from the University of Technology Sydney (UTS) worked with 54 participants to examine the effects of surveillance on an essential function of human sensory perception -- the ability to detect another person's gaze.

Lead author, Associate Professor of neuroscience and behaviour Kiley Seymour, said previous research has established the effects on conscious behaviour when people know they are being watched, but the new study provided the first direct evidence that being watched also has an involuntary response.

"We know CCTV changes our behaviour, and that's the main driver for retailers and others wanting to deploy such technology to prevent unwanted behaviour," Associate Professor Seymour said.

"However, we show it's not only overt behaviour that changes -- our brain changes the way it processes information.

"We found direct evidence that being conspicuously monitored via CCTV markedly impacts a hardwired and involuntary function of human sensory perception -- the ability to consciously detect a face.

"It's a mechanism that evolved for us to detect other agents and potential threats in our environment, such as predators and other humans, and it seems to be enhanced when we're being watched on CCTV.




"Our surveilled participants became hyper aware of face stimuli almost a second faster than the control group. This perceptual enhancement also occurred without participants realising it."

Associate Professor Seymour said that given the increasing level of surveillance in society and the ongoing debates around privacy reform, the study's findings suggested the need for closer examination of the effects of surveillance on mental processes and on public health more broadly.

"We had a surprising yet unsettling finding that despite participants reporting little concern or preoccupation with being monitored, its effects on basic social processing were marked, highly significant and imperceptible to the participants.

"The ability to rapidly detect faces is of critical importance to human social interactions. Information conveyed in faces, such as gaze direction, enables us to construct models of other people's minds and to use this information to predict behaviour.

"We see hyper-sensitivity to eye gaze in mental health conditions like psychosis and social anxiety disorder where individuals hold irrational beliefs or preoccupations with the idea of being watched.

"Whilst this investigation was specifically focussed on unconscious social processes, future investigations should explore effects on the limbic system more broadly, which would have more general implications for public mental health and the importance of privacy."
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Long COVID's effects on employment: Financial distress, fear of judgment | ScienceDaily
Though research has shown that people with long COVID are more likely to be unemployed, the statistics don't reveal what patients go through before they cut their hours, stop working or lose their jobs.


						
In a new study involving interviews of people with long COVID, researchers from The Ohio State University describe how the prolonged illness has affected not only patients' job status, but also their overall well-being.

On top of symptoms including brain fog, fatigue, weakness and headaches, study participants reported lacking enough energy to do anything after work, loss of income and added insurance expenses when employment ended or changed, and emotional distress that comes with managing a misunderstood illness.

"For many individuals we talked to, their lives have been completely changed because of this chronic condition. And that's really changed how they see themselves, how they experience life, how they interact with their families, how they provide for their families," said lead author Sarah MacEwan, assistant professor of general internal medicine in Ohio State's College of Medicine.

"In some cases, incredible financial instability has upended their lives. They're facing extremely difficult choices and also trying to take care of themselves. It's so important that we hear from them so we can improve the ways we can support them."

Awareness of these employment-related challenges may help clinicians provide more holistic care to people with long COVID, researchers say. Examples include connecting patients to financial assistance, referring them to mental health practitioners or expediting requests for workplace accommodations.

The research was published recently in the Journal of General Internal Medicine.




MacEwan and colleagues conducted one-on-one interviews in late summer 2022 with 21 adult patients receiving treatment in the post-COVID recovery clinic at Ohio State Wexner Medical Center. Participants reported they had been doing well in daily life before having COVID-19 and were struggling with the effects of lingering symptoms for three or more months after an acute infection. They ranged in age from 19 to 68, three-fourths were women, and most were first infected with the SARS-CoV-2 virus in 2020.

Participants reported the illness interfered with both their work responsibilities and efforts to maintain work-life balance.

"Some quit their jobs because they just couldn't handle working anymore. Some reduced their hours. And then some were involuntarily terminated from their jobs because of their symptoms," said MacEwan, an investigator in Ohio State's Center for the Advancement of Team Science, Analytics and Systems Thinking in Health Services and Implementation Science Research.

There were both financial and emotional repercussions. Loss of income followed either being unable to work, changing to a job with lower pay or having to reduce work hours. Those whose insurance status changed often had to spend more on policies that provided less coverage -- all in the context of needing more care because they were chronically ill.

Participants also described feelings of loss of identity related to their professional and home lives and fear of judgment and stigma at work and among friends and family. In an earlier paper, the research team noted some patients faced skepticism in health care settings.

"One thing we've uncovered through this work is people not being believed by their providers about their symptoms or being brushed off or pushed into other diagnoses that they feel don't reflect their experience," MacEwan said. "It's a real question of whether they are getting what they need from the providers they're able to reach where they are."

The current article focused in part on how patients made adjustments to get through the day -- developing coping strategies they created or that were recommended by their care team, and accessing employer disability benefits and workplace accommodations.




"Some came up with solutions on their own, but it was wonderful to hear that great suggestions also came from additional specialists or therapists that these individuals were seeing," MacEwan said.

Respondents reported taking frequent rest breaks, eliminating distractions, making lists, emailing themselves a daily report of completed projects, using visual prompts on whiteboards or talking themselves through tasks. Some patients were encouraged by health care providers to seek short- or long-term disability benefits or workplace accommodations such as remote work and flex time. Many participants said initial support from employers eventually waned.

Long COVID is federally recognized as a potential disability, which provides some employment protection to patients. The study authors noted that clinicians recommending established interventions such as rest and pacing may need to anticipate how such treatment strategies affect employment, financial status and mental health -- and be ready to connect patients with resources to address the strains linked to making complex life choices.

"It's important that we use lived experience to understand the needs of the population and not make assumptions. There are a lot of good ideas already out there, and people with other chronic conditions have solutions for some of these problems," MacEwan said. "So maybe we don't need to reinvent the wheel, but we certainly need to identify the needs and take steps to fill those gaps."

This work was supported by a grant from the National Cancer Institute.

Co-authors, all from Ohio State, were Saurabh Rahurkar, Willi Tarver, Leanna Perez Eiterman, Halia Melnyk, Ramona Olvera, Jennifer Eramo, Lauren Teuschler, Alice Gaughan, Laura Rush, Stacy Stanwick, Susan Bowman Burpee, Erin McConnell, Andrew Schamess and Ann Scheck McAlearney.
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Threat of abrupt mortality events keeps endangered monkey population at risk, despite decades of growth | ScienceDaily
Despite the population being almost four times larger than it was in 1982, a new study published in the journal Ecology suggests the northern muriqui monkeys remain at risk, especially in the face of ongoing habitat disturbances.


						
Northern muriquis, which live in the Atlantic Forest of Brazil, are much more peaceful and egalitarian compared to other primates. They are also one of the most endangered species of monkey in the world.

Karen Strier, a professor of anthropology at UW-Madison and lead author of the paper, has spent 40 years studying the behavior and ecology of these monkeys in a small, preserved portion of Brazilian forest. She teamed up with Anthony Ives, a professor of ecology and evolution at UW-Madison, who is well versed in modeling demographic changes over time.

"My goal is simply to put into statistics what Karen already knows," Ives says. "She knows her data so well, and long-term studies with this level of detail for an endangered species are very rare."

Strier and her team of Brazilian colleagues not only count the number of animals but also track their unique behavior, birth rates, death rates and relationships with one another. They know these animals as individuals, not just data points.

While the species and the land they live on is protected by Brazilian law, the muriquis' mortality rate rose suddenly in 2016 and has not fallen since. Strier and Ives have found that the animals are still reproducing at a steady rate, pointing to other causes for the population decline.

"Our data imply that there may be some environmental stressors in the habitat such as a decline in forest productivity, which affects food availability, climate stress or predation causing the elevated mortality," Strier explains.




The study also confirms the benefit of long-term, detailed studies such as this. By 2015, this population of muriquis had grown to a remarkable 356 animals, compared to the roughly 50 animals it consisted of when Strier had begun her data collection in 1982. Ives used data from the first 33 years of Strier's study to create a model of what the population should look like over the next several decades under the conditions of 2015. It predicted the population would continue to rise exponentially until it reached a carrying capacity of about 500 animals, hovering around that size for the next few decades.

What that model couldn't predict though, was the two years of drought that began in 2014 or the bout of yellow fever that swept through the population in 2016.

"If you just had data up to 2015, you'd say the population is great!" Ives explains. But luckily, Strier and her team continued to collect data beyond the drought and the yellow fever epidemic, making it possible to document the ongoing impact of habitat changes.

When Ives modeled the population changes, accounting for this dramatic decrease from 2016 to 2022, he found the population's predicted carrying capacity to be only about 200 animals. And that's assuming there won't be another abrupt change to mortality like the one that started in 2016.

With predation and habitat change pinpointed as possible limiting factors for this muriqui population, conservationists are getting a clearer idea of where and how action may need to be taken.

"As almost all previous work from Karen, this will open a new window to understand and improve the design of our [conservation] strategies," says Leandro Jerusalinsky, the head of the National Center for Research and Conservation of Brazilian Primates, part of the Ministry of Environment in Brazil.

Strier's data can also be used alongside different models to predict how other populations of muriquis may react to changes in climate and future diseases. Those challenges grow increasingly more likely as climate models predict a warmer, drier world, resulting in increased environmental stress and food scarcity for muriquis and other primates.

Jerusalinsky hopes the data will help them understand what conditions these populations need to survive in the face of a changing world. Eventually it could inform conservation policies that might improve habitat quality management or create habitat corridors between isolated populations of the muriquis.

"Having a person like Karen developing this long-term research and providing these high-quality results is incredible," Jerusalinsky says. "Even in the desperation we have facing this situation of (the muriquis), this gives us a lot of hope in effectively designing the best strategies possible to try to save this species."
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Staying sharp: Study explores how brain changes may affect financial skills | ScienceDaily
Senior citizens are targeted by financial scams of all types, from email-based phishing attempts to callers looking to swindle their life savings.


						
A new paper from Binghamton University Associate Professor of Psychology Ian M. McDonough sheds light on how age-related changes may affect the way we handle finances -- and how we can stay sharp as we age. "Separating neurocognitive mechanisms of maintenance and compensation to support financial ability in middle-aged and older adults: The role of language and the inferior frontal gyrus," co-authored by Macarena Suarez-Pellicioni of the University of Alabama, was recently published in the Archives of Gerontology and Geriatrics.

The study focused on cognitively healthy adults ages 50 to 74, using MRI scans to measure brain structure and functional connectivity; study participants also engaged in simple financial tasks, such as balancing a checkbook or making change.

Financial tasks rely on multiple cognitive domains, including memory, executive functioning and numerical ability; aging can prompt subtle decline in all of these areas.

Earlier research that dealt with financial management and Alzheimer's-related brain decline focused on the parietal cortex, the part of the brain involved in attention and simulating possible future outcomes, McDonough said. Little attention has been paid to the brain regions connected specifically with math processing, outside of the development of these regions in children.

Mathematics involves two different brain regions. One is the inferior frontal gyrus, which specifically deals with accessing math information contained in your memory.

"If I ask, 'What's 3 plus 3?' you know it's six; you don't have to count 3 plus 3," McDonough explained. "You have memorized this because of rote learning and years and years of it being embedded in you."

If you don't have a readily memorized answer and need to perform calculations, then your middle frontal gyrus kicks in. It uses more brainpower than memory and increases the possibility of error.




"When people are doing the calculation, they're more likely to get it wrong. If you've memorized it, you've memorized the right answer," McDonough said. "You're faster, more efficient and more accurate when you have those verbal representations."

The brain's prefrontal cortex shrinks as a part of normal aging; with Alzheimer's disease, the frontal cortex regions shrink even faster. As a result, individuals may start making more mistakes with financial tasks since their brains no longer rely on memorized answers and are instead recruiting different regions to compensate for deficiencies.

"They are potential markers that could show people's increased vulnerability to scams," he said. "If we understand how the brain changes, this can inform interventions used to target these brain regions."

Preserving independence

Ultimately, successful financial management may rely more on language processing than sheer calculation. Individuals with better language skills were more likely to excel in financial tasks, the researchers found, likely because of increased connectivity between different parts of the brain.

McDonough's research shows that higher household income and financial literacy -- both markers of socioeconomic status -- were the two main factors protecting against age-related declines in financial ability. Relying on memory requires that memories be developed in the first place, which is more likely in an environment where financial literacy is promoted.




Financial education may help people retain sharp decision-making abilities on the money front. Maintaining verbal automatic representations for math -- essentially, practicing the math skills you learned in school -- may be helpful in supporting good financial management throughout life.

Individuals and caregivers alike, however, also need to keep an eye out for cognitive declines that can make older adults more susceptible to financial scams and abuse. Financial tools, technologies and legal safeguards, such as power of attorney for automatic payment systems, can protect older adults while preserving their autonomy in decision-making.

"Managing finances is so important to maintaining independence later in life," McDonough said. "We need to have interventions that can strengthen the brain and help keep people healthy when managing their finances."
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Naughty or Nice? Many parents rely on threats to manage misbehavior -- from no dessert to no Santa | ScienceDaily
When young children's behavior becomes challenging, many parents resort to threats -- from taking away toys to threatening that Santa will skip their house, a national poll suggests.


						
Parents of children ages three to five were most likely to say they use threats to address misbehavior -- with a fourth threatening their child with no Santa or gifts -- according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

Many parents have also threatened to leave an activity or place, take away toys or not get dessert while nearly half of parents polled have used bribes.

"Discipline helps young children learn what behaviors are safe and appropriate and can play a crucial role in helping them learn the difference between right and wrong," said Mott pediatrician and Mott Poll co-director Susan Woolford, M.D.

"Empty threats, however, undermine trust and credibility and aren't usually effective. Positive reinforcement and consistent discipline are more likely to shape long term behavior."

Consistency is key

While half of parents rate themselves as very consistent in disciplining their child, many admit struggling with consistency, according to the nationally representative report based on 725 responses from parents with at least one child ages one to five surveyed in August.




Top challenges include a child being too young to understand, strategies not always working and parents trying to prevent a public tantrum.

Nearly a fourth of parents also say they get too irritated when their child misbehaves, react before remembering their strategies or are too tired to be consistent.

"It can be difficult to have a consistent approach to discipline without consideration and planning -- and even then, consistency can be difficult, especially when parents are tired, distracted, or feeling overwhelmed," Woolford said.

"It's important for parents to plan ahead and be on the same page with discipline strategies to provide a foundation for understanding expectations and prevent sending mixed signals about boundaries."

Parents may need guidance finding the best discipline strategies

Parents weren't always sure whether their discipline strategies worked, with about two fifths saying they're very effective and three in five believing they're somewhat effective.




Most parents polled also reported getting input about discipline strategies from several sources, with many turning to the child's other parent, talking with family and friends or using parenting books, articles and social media.

Meanwhile, less than a fifth of parents have discussed discipline with a healthcare provider and one in eight parents say they haven't thought about their discipline strategies.

Some parents polled also admitted using discipline strategies that aren't recommended by experts, with two in five sometimes spanking -- which evidence suggests may lead to defiance and be linked to increased aggression in preschoolers and school aged children.

"Parents should avoid the temptation to rely on tactics that might yield short-term compliance but have negative effects later on," Woolford said.

"Discipline strategies should be appropriate for the child's age and developmental level."

For children ages one to two, for example, distraction and redirection are often most effective, Woolford says, noting that children this young are exploring their environment and willful misbehavior is rare. Parents of children in this age group polled were also more likely to redirect behavior as a strategy.

But after age two, children understand their actions can cause a reaction from others and may increasingly test that out. Parents of children ages three to five polled were more likely to use warnings, speak firmly, and give timeouts.

During these preschool ages, Woolford says, strategies should emphasize logical consequences to misbehavior. For instance, if a child spills a drink out of anger, an appropriate punishment would be to have them clean up the mess while an unrelated punishment will be less effective.

"Consequences should be immediate, so the child understands the connection with their misbehavior," she said.

She adds that since children respond differently to various discipline methods, parents should try to be flexible.

"As children grow, their responses to discipline will also change, so parents should adapt their strategies and stay open to new approaches," she said.

"Balancing correction with positive reinforcement -- like praise and rewards -- helps children build self-esteem while learning from their mistakes."
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It's worth mixing it up: what combination of policies will lead to a clean energy future? | ScienceDaily
How can we ensure that as many households as possible adopt not only solar panels, but also their own battery to store solar energy, a heat pump, and an electric car? Researchers at the Universities of Basel and Geneva have looked into just this question.


						
Climate protection and the energy revolution must continue to make progress, and private households could make a significant contribution to this goal if they would use environmentally friendly technologies such as solar panels, electric vehicles, and heat pumps. Dr. Mart van der Kam and Professor Ulf Hahnel at the University of Basel, Switzerland, conducted research into the political measures that would be necessary to fully realize this potential.

Together with researchers from the University of Geneva, their team first surveyed nearly 1,500 Swiss households on why they decided for or against environmentally friendly technologies. They then fed the data into a dynamic model representing the households and their interactions as a society of decision-makers. This allowed the researchers to test which policy measures best met the needs of the households and would therefore support these technologies being more widely adopted. Their findings recently appeared in Cell Reports Sustainability.

Individual incentives have too little effect

Mart van der Kam acknowledges that increasing competition among manufacturers is making it more affordable and more attractive for consumers to adopt environmentally friendly technologies such as electric cars. However, he says that political measures are necessary to encourage more widespread use of technologies such as solar panels and heat pumps. "It's not individual incentives, but rather the proper mix of political measures that makes a decisive difference," he emphasizes, summarizing their findings.

Subsidies for solar panels or heat pumps, for example, are just one piece of the puzzle. It is also important to remove the barriers that prevent renters from using these technologies. "Until now, the building owners have had to make the investment, but the renters have profited from the reduced energy costs," van der Kam points out. This has made the investment less worthwhile for the owners.

Solutions for renters

The example of solar panels demonstrates how such hurdles for renters can be dismantled via government intervention: for several years now, renters have had the right to install solar panels on their balconies. Van der Kam suggests that policies supporting similar solutions for heat pumps or energy storage might be possible in the future, perhaps in the form of neighborhood batteries that could be supplied with solar energy from multiple buildings or an entire district at once and then used as a power source.

"Nearly two-thirds of Swiss households are renters. This represents an enormous untapped potential that could provide a major step forward toward the energy revolution," says Ulf Hahnel. He argues that interdisciplinary research that not only takes technological innovations into account, but also consumers' various preferences, can identify paths for targeted stimulus packages and structures. "We must bring different disciplines and their methods together to tackle complex and multifaceted challenges such as climate change and the energy revolution," Hahnel emphasizes.
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The great ripple: How a tsunami can disrupt global trade | ScienceDaily
Tsunamis can cause immense physical damage to ports, but the economic cost does not stop there. The resultant disruptions of shipping lanes result in billions of dollars in losses every day, as was seen in the 2011 tsunami that hit the Tohoku Region. To better assess the ripple effect a tsunami could cause to shipping lanes in the South China Sea, a group of international researchers carried out 104 tsunami simulations.


						
Port disruptions are costly, very costly. While the 2011 Tohoku tsunami caused around $12 billion in damages to port facilities and vessels, the ensuing port disruptions resulted in a loss in seaborne trade that cost approximately $3.4 billion per day.

Shipping facilitates more than 80% of global trade, meaning disruptions to the global port network can have severe consequences for global commerce. Despite these risks, tsunamis are rarely considered in port capital planning or structural design. This oversight is partly due to the infrequent occurrence of tsunamis and the lack of robust methods to quantify potential risks.

In response, a group of researchers has proposed a framework to evaluate tsunami risk to seaports and the global port network. The framework estimates potential economic losses in trade caused by port disruptions while also analyzing the ripple effect it would have on the global port network, including the ramifications for shipping routes and ports not directly affected by physical damage.

Constance Chua, a postdoctoral researcher at Tohoku University's International Research Institute of Disaster Science (IRIDeS), led the study, with the support of Professor Fumihiko Imamura, Associate Professor Anawat Suppasri, and Professor Adam Switzer from Nanyang Technological University.

"We applied our framework to the South China Sea, focusing on a potential tsunami scenario triggered by a rupture along the Manila Trench," says Chua. "We also incorporated tsunami conditions under future sea level rises."

In total, Chua and her colleagues evaluated 104 scenarios, thanks to the help of international experts from various fields. These included Dr. Tanghua Li, a geophysicist at the Earth Observatory of Singapore who specializes in sea-level rise modeling in Asia; Research Professor Qiang Qiu, a tectonic geodesy expert on the Manila Trench based at the Chinese Academy of Sciences; and Professor Linlin Li, a tsunami modeling expert from Sun Yat-sen University. Each expert contributed the latest knowledge and models on different hazard components, ensuring a broad base of factors was considered, thereby creating scenarios that mirrored reality as closely as possible.

The study found that a Manila Trench tsunami could damage up to 11 international seaports under present-day sea-level conditions and up to 15 ports by 2100. In the most severely damaged locations, port closures could last over 200 days.

However, the length of closure did not always translate into the greatest economic loss. Ports with higher annual cargo were more susceptible to economic damage. The ports of Hong Kong, Manila, and Kaohsiung experienced the highest trade losses across all scenarios.

Chua says that a Manila Trench tsunami could have greater repercussions for global trade than past events, such as the 2004 Indian Ocean tsunami and the costly 2011 Tohoku tsunami. "Since South China hosts some of the busiest ports and sea lanes, the number of disrupted shipping routes would far exceed previous tsunami events. Given the lack of consideration given to tsunami impacts, our study could help stakeholders prepare for such events."
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Exposure to remote wildfire smoke drifting across the US linked to increased medical visits for heart and lung problems | ScienceDaily
Wildfire smoke has long been known to exacerbate health problems like heart disease, lung conditions, and asthma, but now a new study finds that smoke from these fires can lead to poor health thousands of miles away. Researchers from the University of Maryland Institute for Health Computing (UM-IHC) found that medical visits for heart and lung problems rose by nearly 20 percent during six days in June, 2023, when smoke from Western Canadian wildfires drifted across the country, leading to very poor air quality days in Baltimore and the surrounding region.


						
The new findings were published today in the journal JAMA Network Open.

During the summer of 2023, severe Canadian wildfires created a vast plume that drifted 2000 miles across the country, leading to poor air quality on the East Coast of the United States, and many individuals experiencing breathing issues that led them to the doctor's office.

"Baltimore had very dark skies, and we could all smell the smoke in the air," said Mary Maldarelli, MD, pulmonary critical care fellow at the University of Maryland School of Medicine (UMSOM) who is the first author on the study. "But most importantly, my patients came in to me saying they were coughing quite a bit more and needed their medications more often, so they felt much sicker than they usually did when these wildfires occurred." Dr. Maldarelli is also a resident in Pulmonary and Critical Care Medicine at the University of Maryland Medical Center.

To determine whether the smoke-filled days led to quantifiable health consequences, she partnered with data scientists and visualization experts at the UM-IHC, which has access to nearly 2 million de-identified patient records from the University of Maryland Medical System (UMMS).

The researchers analyzed satellite data and Environmental Protection Agency (EPA) data to identify six "hotspot" days in June 2023 with high levels of wildfire smoke-related air pollution in the Maryland area. These were days that exceeded the EPA's standards for safe air quality in all 23 counties in Maryland.

The team then culled through the de-identified electronic health records from UMMS, comparing medical visits for heart-lung or cardiopulmonary conditions from June 2023 with medical visits during June 2018 and June 2019. These included emergency department visits, hospital admissions, and outpatient clinic visits.




"We found that hotspot days were associated with an 18 percent increased likelihood of patients going to the doctor for complications related to a cardiopulmonary condition," said study corresponding author Bradley Maron, MD, Professor of Medicine at UMSOM and Co-Executive Director of the UM-IHC. "We also found a 55 percent increase in the risk for an outpatient visit for heart and lung conditions; these patients tended to be older, non-smokers, and more socio-economically affluent than typical patients who see their doctors for cardiovascular conditions on good air quality days."

That finding could highlight the importance of healthcare access and may indicate that more economically disadvantaged patients are not getting the medical care they need on high-risk days filled with wildfire smoke.

With more climate events expected in the future, doctors may require better tools to help disadvantaged patients on hotspot days.

"We have the opportunity to leverage the capabilities of the UM-IHC to proactively identify patients who are most at risk and provide them with anticipatory care," said UMSOM Dean Mark T. Gladwin, MD, who is the John Z. and Akiko K. Bowers Distinguished Professor and vice president for medical affairs at the University of Maryland, Baltimore. "There may be crucial ways we can prevent cardiovascular complications on polluted smoke air days simply by providing them with telehealth visits or other ways to access care."

Amir Sapkota, PhD, and Hyeonjin Song, PhD, of the University of Maryland School of Public Health, performed the satellite and EPA analyses for the study. Study co-authors also included faculty from the University of Maryland, College Park, the University of Maryland School of Pharmacy, and the University of Maryland Medical System.

"Being able to access clinical data at a granular level and our ability to apply advanced analytical tools such as this is critical and essential to the future of health care and enables UMMS to be at the forefront of innovative medicine that will help drive patient care in the years ahead," said study co-author Warren D'Souza, PhD, Co-Director of the UM-IHC and Senior Vice President/Chief Innovation Officer at UMMS.

Funding for the study was provided by Montgomery County, Maryland, and The University of Maryland Strategic Partnership: MPowering the State, a formal collaboration between the University of Maryland, College Park and the University of Maryland, Baltimore.
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Overfishing has halved shark and ray populations since 1970 | ScienceDaily

Chondrichthyans are an ancient and ecologically diverse group of over 1,199 fishes that are increasingly threatened by human activities. Overexploitation by target fisheries and incidental capture (bycatch), compounded by habitat degradation, climate change and pollution, has resulted in over one-third of chondrichthyans facing extinction. Here, the RLI was used to track the status of these species over the past 50-years.

"The shark and ray RLI shows how declines first occurred in rivers, estuaries, and nearshore coastal waters before spreading across the oceans and then down into the deep sea," said Professor Nicholas K. Dulvy at Simon Fraser University. "The sequential depletion of the largest and most functionally important species -- such as sawfishes and rhino rays -- was followed by the decline of large stingrays, eagle rays, angel sharks, hammerheads and requiem sharks. Eventually, fisheries turned to deepwater sharks and skates for the liver oil and meat trade."

These widespread documented declines are expected to have significant consequences on other species and aquatic ecosystems.

"Sharks and rays are important predators, and their decline disrupts food webs throughout the Ocean. Larger wide-ranging species connect ecosystems, for example, reef sharks are vital in transferring nutrients from deeper waters to coral reefs, helping to sustain those ecosystems," said Dr. Nathan Pacoureau at the European Institute for Marine Studies, Brest University, France. "Rays, meanwhile, are important foraging animals that mix and oxygenate sediments, influencing marine productivity and carbon storage."

Despite these alarming trends, the team emphasizes the positive development in the appreciation and conservation of sharks and rays.

"This analysis points to solutions" said Professor Colin Simpfendorfer, James Cook University, Australia. "Nations can reduce the extinction risk by lowering fishing pressure to sustainable levels, strengthening fisheries governance, and eliminating harmful subsidies. Progress has already created bright spots of hope for chondrichthyans, including in Australia, Canada, New Zealand, United States, and parts of Europe and South Africa"

"The Red List Index has been a tool used by governments for monitoring conservation progress on land, yet no equivalent existed for the Ocean." said Dr Rima Jabado, Deputy Chair of the IUCN Species Survival Commission (SSC) and Chair of the IUCN SSC Shark Specialist Group. "This new shark and ray RLI will help track progress toward ocean biodiversity and sustainability targets, identify the species and places most at risk and guide future conservation efforts."




The study was completed as part of the Global Shark Trends Project (GSTP), a collaboration of the IUCN Species Survival Commission Shark Specialist Group, Simon Fraser University, James Cook University, and the Georgia Aquarium established with support from the Shark Conservation Fund to assess the extinction risk for chondrichthyan fishes (sharks, rays, and chimaeras). The analysis is based upon the first global reassessment of IUCN Red List Status published in 2021. The team engaged 322 experts through 17 workshops from around the world to complete the 8-year long reassessment.

The Red List Index (RLI) shows trends in overall extinction risk for species, and is used by governments to track their progress towards targets for reducing biodiversity loss. Up to now, the RLI is available for five taxonomic groups only (those in which all species have been assessed at least twice): birds, mammals, amphibians, cycads and warm-water reef-forming corals. The RLI can be disaggregated in various ways: thematic RLIs show trends for subsets of species of particular policy relevance. The RLI can be calculated for individual countries and regions, with each species contributing to the index weighted by the proportion of its global range within the country or region.

Class Chondrichthyes comprises three main lineages: sharks, and rays, and chimaeras (a relatively small group of mainly deepwater species). Chondrichthyans makeup the oldest and largest evolutionary radiation of vertebrates and one of the three taxonomic Classes of fishes. Here we consider 1,199 species from the comprehensive global reassessment, which is the most accurate assessment of the decade.

Starting in the 1990s, the conservation of sharks and rays has been increasingly considered within Regional Fisheries Bodies (including Regional Fisheries Management Organizations) and international wildlife treaties, particularly the Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES). Through various associated actions aimed primarily at ending overexploitation of threatened species, member governments are required to restrict fishing and/or exports to sustainable levels, but the record for fulfilling these commitments has to date been generally poor. To date, deepwater sharks and rays have largely been ignored from these efforts.
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Mothers bear the brunt of the 'mental load,' managing 7 in 10 household tasks | ScienceDaily
From choosing gifts and sending cards to planning Christmas dinner, the holiday season can feel like an avalanche of mental to-do lists. New research from the University of Bath and the University of Melbourne, published in the Journal of Marriage & Family, reveals that mothers overwhelmingly carry this "mental load" while dads often take a back seat. And it's not just during Christmas -- this imbalance happens every day of the year.


						
The "mental load," also known as "cognitive household labour" refers to the thinking work needed to keep family life running smoothly. This includes scheduling, planning, and organising tasks.

The study, conducted in the US, found that mothers take on seven in ten (71%) of all household mental load tasks. These tasks range from planning meals and arranging activities to managing household finances.

The research team analysed data from 3,000 US parent respondents, examining the share of common mental load tasks they typically manage in their household.

Key Findings
    	Mums take on most of the mental load. Mothers handle 71% of household tasks that require mental effort -- 60% more than fathers, who manage just 45%.
    	Different roles for mums and dads. Mums take on 79% of daily jobs like cleaning and childcare -- over twice as much as dads (37%). Dads, meanwhile, focus on episodic tasks like finances and home repairs (65%), although mums still do a significant share (53%), leading to duplication of effort.
    	Dads overestimate their share. Parents often overestimate their contributions, but dads do this more than mums. Fathers are also more likely to see household mental labour as equally shared, while mothers disagree.
    	Single parents juggle it all. Single mums and dads take on the full mental load. Single dads, in particular, do significantly more compared to partnered fathers.

The study focuses on individual parents rather than couples, so the findings reflect one parent's perspective rather than a shared view. It also includes parents from a wide range of family types, including LGBTQ+ and single parents, making the results relevant to diverse households.

Dr Ana Catalano Weeks, a political scientist from the Department of Politics, Languages & international Studies at the University of Bath said:

"This kind of work is often unseen, but it matters. It can lead to stress, burnout and even impact women's careers. In many cases, resentment can build, creating strain between couples. We hope our research sparks conversations about sharing the mental load more fairly -- something that benefits everyone."




The gender divide in the mental load doesn't just affect family life -- it impacts women in the workplace and public life. A recent Gallup study shows working mothers are twice as likely as fathers to consider reducing their hours or leaving their jobs due to parental responsibilities.

Dr Catalano Weeks said:

"Going forward, the challenge for governments and employers who care about attracting the top talent is how to create policies that are supportive of both mothers and fathers sharing the unpaid work at home. One policy that comes to mind is well-paid, gender-neutral parental leave -- which both the UK and US are way behind on compared to the rest of Europe."

So, this Christmas, if you're wondering who's doing the mental heavy lifting -- it's probably mum. The researchers encourage families to take the first step: talk about the mental load, make a plan, and work together to make the holidays -- and every day -- more balanced.
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Researchers reduce bias in AI models while preserving or improving accuracy | ScienceDaily
Machine-learning models can fail when they try to make predictions for individuals who were underrepresented in the datasets they were trained on.


						
For instance, a model that predicts the best treatment option for someone with a chronic disease may be trained using a dataset that contains mostly male patients. That model might make incorrect predictions for female patients when deployed in a hospital.

To improve outcomes, engineers can try balancing the training dataset by removing data points until all subgroups are represented equally. While dataset balancing is promising, it often requires removing large amount of data, hurting the model's overall performance.

MIT researchers developed a new technique that identifies and removes specific points in a training dataset that contribute most to a model's failures on minority subgroups. By removing far fewer datapoints than other approaches, this technique maintains the overall accuracy of the model while improving its performance regarding underrepresented groups.

In addition, the technique can identify hidden sources of bias in a training dataset that lacks labels. Unlabeled data are far more prevalent than labeled data for many applications.

This method could also be combined with other approaches to improve the fairness of machine-learning models deployed in high-stakes situations. For example, it might someday help ensure underrepresented patients aren't misdiagnosed due to a biased AI model.

"Many other algorithms that try to address this issue assume each datapoint matters as much as every other datapoint. In this paper, we are showing that assumption is not true. There are specific points in our dataset that are contributing to this bias, and we can find those data points, remove them, and get better performance," says Kimia Hamidieh, an electrical engineering and computer science (EECS) graduate student at MIT and co-lead author of a paper on this technique.




She wrote the paper with co-lead authors Saachi Jain PhD '24 and fellow EECS graduate student Kristian Georgiev; Andrew Ilyas MEng '18, PhD '23, a Stein Fellow at Stanford University; and senior authors Marzyeh Ghassemi, an associate professor in EECS and a member of the Institute of Medical Engineering Sciences and the Laboratory for Information and Decision Systems, and Aleksander Madry, the Cadence Design Systems Professor at MIT. The research will be presented at the Conference on Neural Information Processing Systems.

Removing bad examples

Often, machine-learning models are trained using huge datasets gathered from many sources across the internet. These datasets are far too large to be carefully curated by hand, so they may contain bad examples that hurt model performance.

Scientists also know that some data points impact a model's performance on certain downstream tasks more than others.

The MIT researchers combined these two ideas into an approach that identifies and removes these problematic datapoints. They seek to solve a problem known as worst-group error, which occurs when a model underperforms on minority subgroups in a training dataset.

The researchers' new technique is driven by prior work in which they introduced a method, called TRAK, that identifies the most important training examples for a specific model output.




For this new technique, they take incorrect predictions the model made about minority subgroups and use TRAK to identify which training examples contributed the most to that incorrect prediction.

"By aggregating this information across bad test predictions in the right way, we are able to find the specific parts of the training that are driving worst-group accuracy down overall," Ilyas explains.

Then they remove those specific samples and retrain the model on the remaining data.

Since having more data usually yields better overall performance, removing just the samples that drive worst-group failures maintains the model's overall accuracy while boosting its performance on minority subgroups.

A more accessible approach

Across three machine-learning datasets, their method outperformed multiple techniques. In one instance, it boosted worst-group accuracy while removing about 20,000 fewer training samples than a conventional data balancing method. Their technique also achieved higher accuracy than methods that require making changes to the inner workings of a model.

Because the MIT method involves changing a dataset instead, it would be easier for a practitioner to use and can be applied to many types of models.

It can also be utilized when bias is unknown because subgroups in a training dataset are not labeled. By identifying datapoints that contribute most to a feature the model is learning, they can understand the variables it is using to make a prediction.

"This is a tool anyone can use when they are training a machine-learning model. They can look at those datapoints and see whether they are aligned with the capability they are trying to teach the model," says Hamidieh.

Using the technique to detect unknown subgroup bias would require intuition about which groups to look for, so the researchers hope to validate it and explore it more fully through future human studies.

They also want to improve the performance and reliability of their technique and ensure the method is accessible and easy-to-use for practitioners who could someday deploy it in real-world environments.

"When you have tools that let you critically look at the data and figure out which datapoints are going to lead to bias or other undesirable behavior, it gives you a first step toward building models that are going to be more fair and more reliable," Ilyas says.

This work is funded, in part, by the National Science Foundation and the U.S. Defense Advanced Research Projects Agency.
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Water and forests in Southern US | ScienceDaily
Water is everywhere. It falls freely from the sky and flows across the earth. Humans are inextricably connected to water and to forests. Changes in land use, forest conditions, and climate affect water -- with consequences for drinking water treatment costs, flood protection, and other ecosystem services.


						
In the coming decades, water quality, rainfall patterns, and streamflow regimes will continue to change, according to a new report on water.

The report is part of the Southern Forest Outlook from the USDA Forest Service and the Southern Group of State Foresters. In it, a team of seven hydrologists, foresters, economists, and other experts assessed water resources in the 13 southern states, from Virginia to Texas. They found:
    	Precipitation extremes, both low and high (droughts and floods), will continue to increase in magnitude and frequency.
    	Streamflow is projected to change but the amount and direction of change (increase or decrease) will vary across the South. Most future scenarios considered agree that portions of Arkansas, Louisiana, Oklahoma, and Texas will be most vulnerable to climate-driven streamflow reductions by 2070.
    	Projected land use change will further alter streamflow regimes and water quality in developing watersheds.
    	Hydrologic changes due to climate and land use changes may be exacerbated by hurricanes, seal level rise, wildfire, nonnative invasive plants, and insect and disease outbreaks.

"Fortunately, forestry best management practices are well-established and will help mitigate the effects of climate and land use change on water quality and availability," says Peter Caldwell, Forest Service researcher and lead author of the report.

The team used the Water Supply Stress Index model to project the effects of climate and land use change on water resources across four future scenarios and five climate projections. The future scenarios and climate models are from the 2020 Resources Planning Act Assessment and represent different assumptions about population and economic growth, land use change, and global climate change from 2020 to 2070. Under some future scenarios, forestry best management practices could be challenged by extreme precipitation events, according to the new report.

"Given these challenges and the uncertainty of changing future conditions, adaptive management informed by local knowledge will continue to be an important component of forest water management," says Caldwell.

Caldwell contributed to the Forests to Faucets assessment and a large body of research on how forests supply drinking water to people in the South and across the nation, with the goal of providing actionable information to prioritize forests and watersheds for management, restoration, and conservation to protect or enhance water supplies.




"For the new report we combined hydrologic modeling with a literature synthesis to answer forest and water related research questions that the public and state and national forestry agencies identified as important," says Caldwell.

The Southern Forest Outlook is designed to inform forest sector decisionmakers and the interested public about observed trends, anticipated futures, and critical issues based on authoritative synthesis and interpretation of existing science, data, and 50-year projections.

The report builds on a rich history of regional assessments of southern forests. Urbanization, markets, and climate change were identified as factors in previous assessments and remain highly relevant.

The water report emphasizes the value of keeping forests as forests. Converting forests to other land uses (especially urban use) results in higher concentrations of sediment, pathogens, and other pollutants in waterways. Increases in extreme rainfall events coupled with land use change could wash even more pollutants into waterways.

The water report is the second of four in the assessment. A report focused on markets was released in November, and additional reports on fire and forest change are forthcoming.
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Evaluating food safety control strategies for produce industry | ScienceDaily
You've probably heard of product recalls involving lettuce, spinach, or other leafy greens. Consuming these popular vegetables are among the main causes of food poisoning, affecting thousands of people every year. Leafy greens can become contaminated with pathogenic E. coli or other bacteria through splashes of soil or contaminated irrigation water in the field, or through processing and handling. Growers and processors work hard to implement multiple safety procedures, but contaminated products still slip through the cracks and reach consumers.


						
A new study from the University of Illinois Urbana-Champaign looks at control measures and product testing in the produce supply chain, aiming to determine the most effective risk management strategies under a range of scenarios.

"The goal of this project is to give the produce industry a tool to estimate microbial risk and help them make decisions around food safety. We developed a framework for the model, and then demonstrated use by modeling a test case for leafy greens. That way, we could evaluate different food safety practices and the trade-offs between them," said lead author Gabriella Pinto, a doctoral student in the Department of Food Science and Human Nutrition, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois.

There are other risk assessment tools available, but they are created to address specific purposes, noted co-author Gustavo Reyes. He was a graduate student in FSHN when conducting the research, and he now works as a food safety manager for Western Growers Association.

"This model is flexible and allows users to simulate different systems and potential organisms that may affect the produce environment, as well as assessing the effect of different interventions. The results can lead to improved risk management decisions," Reyes said.

The model framework includes five stages: primary production, harvesting, processing, retail, and consumer handling. At any stage, the user can estimate the possibility of contamination; increase or reduce contamination; or add product testing. The model's output measure is the risk of a product testing positive for microbial contamination when it reaches consumers.

"We chose leafy greens as a test case because they are frequently implicated in outbreaks and recalls. And the produce industry is always trying to figure out why these events are happening. Furthermore, the practices we evaluate are not only unique to leafy greens; they may be applied across many different commodities," Pinto stated.




Leafy greens such as fresh cut lettuce will usually undergo a washing process with food safe acid to reduce any microbial contamination that may be present. Processors can manage risk by improving these process controls, or by conducting product testing towards the end to prevent contaminated products from going out to consumers.

"We wanted to put those two approaches side by side and assess which would be better at managing risk under different contamination scenarios," Pinto said.

The researchers found that improved process controls (washing) provided a greater reduction in the overall risk of a positive test at retail (a proxy for recall risk) than additional product testing at the end of processing. They conclude that although product testing at the end of processing does reduce public health and recall risk, this is at the expense of rejecting many lower-risk lots. When contamination is detected, the entire product lot is discarded; however, high-level contamination events that drive both recall and public health risks are rare.

"The model doesn't tell you exactly how much microbial reduction you would see from these strategies, but it allows you to make relative comparisons in order to better guide your management decisions, and that's very valuable for the industry. Our work helps growers and processors divert resources where they can make the most meaningful difference," Reyes said.

The researchers have created an interactive webpage, SCRM-Lite, that gives outside users a way to explore the published test case contamination scenarios and intervention strategies.

"Food is produced mostly outside, in open systems that are in nature, so we're never going to get to a food system with zero risk of contamination. People are working on both preventing contamination and processing methods that reduce it," said Matt Stasiewicz, associate professor in FSHN and corresponding author on the paper.

"We're not going to find the perfect method that sterilizes every product, so we need to come up with a menu of options and then find the practices that work best. A lot of what we work on in my lab is thinking about risk, better decision making, and how we can use modern computation for risk modeling. "

The paper, "Development of a flexible produce supply chain food safety risk model: Comparing tradeoffs between improved process controls and additional product testing for leafy greens as a test case," is published in the Journal of Food Protection [DOI:10.1016/j.jfp.2024.100393]. Funding was provided by The Center for Produce Safety project 2023CPS08.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Massive volcanic eruptions did not cause the extinction of dinosaurs
        While volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite, the ultimate cause of the dinosaur extinction event, impacted.

      

      
        Lost score revives sound of music and voices from centuries past
        A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago. Scholars have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century. Researchers say the tantalizing discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survi...

      

      
        Carnivorous squirrels documented in California
        California ground squirrels hunt, kill and eat voles, reveals a new study documenting evidence of widespread carnivorous behavior among squirrels.

      

      
        Supermassive black holes halt rapid construction in an ancient celestial city
        Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.

      

      
        Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid
        Scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaurs. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

      

      
        Survey of 26,000 dead stars confirms key details of extreme stellar behavior
        A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.

      

      
        Massive black hole in the early universe spotted taking a 'nap' after overeating
        Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food. Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

      

      
        Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles
        Scientists have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size. The findings suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

      

      
        A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age
        Scientists propose a 'remelting' of the Moon's surface 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating.

      

      
        How to print a car: High-performance multi-material 3D printing techniques
        A future where lightweight car parts can be made with a 3D printer is here, thanks to multi-material additive manufacturing research.

      

      
        Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth
        Microgravity is known to alter the muscles, bones, the immune system and cogni tion, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, scientists sent tiny clumps of stem-cell derived brain cells called 'organoids' to the International Space Station.

      

      
        Physicists 'bootstrap' validity of string theory
        String theory remains elusive as a 'provable' phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its 'inevitability.'

      

      
        World Cup soccer is getting faster for men and women alike
        If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study.

      

      
        Travelers weigh in on weight-based airfares for eco-friendly skies
        The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the e...

      

      
        Binary star found near our galaxy's supermassive black hole
        An international team of researchers has detected a binary star orbiting close to Sagittarius A*, the supermassive black hole at the centre of our galaxy. It is the first time a stellar pair has been found in the vicinity of a supermassive black hole. The discovery helps us understand how stars survive in environments with extreme gravity, and could pave the way for the detection of planets close to Sagittarius A*.

      

      
        Tiny robots, big impact: Revolutionizing infertility treatment with magnetic microrobots
        Infertility affects an estimated 186 million people worldwide, with fallopian tube obstruction contributing to 11%-67% of female infertility cases. Researchers have developed an innovative solution using a magnetically driven robotic microscrew to treat fallopian tube blockages. The microrobot is made from nonmagnetic photosensitive resin, coated with a thin iron layer to give it magnetic properties. By applying an external magnetic field, the robot rotates, generating translational motion that e...

      

      
        New paper examines the elusive nature of liquid brines on Mars
        The combination of low temperature, atmospheric pressure and water vapor pressure on Mars means any liquid water found there would likely freeze, boil or evaporate immediately, making its presence unlikely.

      

      
        Physics and emote design: Quantifying clarity in digital images
        When analyzing artworks, understanding the visual clarity of compositions is crucial. Inspired by digital artists, researchers have created a metric to quantify clarity in digital images. As a result, scientists can accurately capture changes in structure during artistic processes and physical transformations. This new metric can improve analysis and decision-making across the scientific and creative domains, potentially transforming how we understand and evaluate the structure of images. It has ...

      

      
        Does the exoplanet Trappist-1 b have an atmosphere after all?
        Recent measurements with the James Webb Space Telescope (JWST) cast doubt on the current understanding of the exoplanet Trappist-1 b's nature. Until now, it was assumed to be a dark rocky planet without an atmosphere, shaped by a billion-year-long cosmic impact of radiation and meteorites. The opposite appears to be true. The surface shows no signs of weathering, which could indicate geological activity such as volcanism and plate tectonics. Alternatively, a planet with a hazy atmosphere composed...

      

      
        Anthropologists call for tracking and preservation of human artifacts on Mars
        Anthropologists argue physical artifacts of human exploration on Mars deserve cataloging, preservation and care in order to chronicle humanity's first attempts at interplanetary exploration.

      

      
        It's complicated: Researchers discover unexpected complexity of sexual differentiation in African clawed frog
        Researchers have uncovered unexpected diversity in the genetic processes that determine the sex of the African clawed frog, a significant discovery in what was already one of the most widely studied amphibians in the world.

      

      
        Butchered bones suggest violent 'othering' of enemies in Bronze Age Britain
        Analysis of the remains of at least 37 individuals from Early Bronze Age England finds they were killed, butchered, and probably consumed before being thrown down a 15m-deep shaft. It is the largest-scale example of interpersonal violence from British prehistory. The treatment of the remains was likely a means to dehumanize or 'other' the victims. This massacre was probably revenge for a perceived offense, implying a cycle of violence and questioning the idea that Early Bronze Age Britain was rel...

      

      
        Astrophysicists capture astonishing images of gamma-ray flare from supermassive black hole M87
        The galaxy M87, located in the Virgo constellation, provided the first-ever photo of a black hole in 2019, when the Event Horizon Telescope captured an image of the supermassive black hole at the galaxy's center. An international research team has now observed a teraelectronvolt gamma-ray flare seven orders of magnitude -- tens of millions of times -- larger than the event horizon, or surface of the black hole itself. A flare of this intensity -- which has not been observed in over a decade -- ca...

      

      
        Heart of Jovian moon's volcanic rage
        A new study points to why, and how, Io became the most volcanic body in the solar system.

      

      
        How the dirt under our feet could affect human health
        Researchers are linking human activity to increased gene transfer from soil bacteria to humans.

      

      
        Breakthrough brings body-heat powered wearable devices closer to reality
        A research team has developed an ultra-thin, flexible film that could power next-generation wearable devices using body heat, eliminating the need for batteries.

      

      
        Superflares once per century
        Stars similar to the Sun produce a gigantic outburst of radiation on average about once every hundred years per star. Such superflares release more energy than a trillion hydrogen bombs and make all previously recorded solar flares pale in comparison. This estimate is based on an inventory of 56450 sun-like stars. It shows that previous studies have significantly underestimated the eruptive potential of these stars. In data from NASA's space telescope Kepler, superflaring, sun-like stars can be f...

      

      
        A new timeline for Neanderthal interbreeding with modern humans
        Neanderthal genes make up 1-2% of the genomes of non-Africans. Scientists analyzed the lengths of regions of Neanderthal DNA in 58 ancient Eurasian genomes of early modern humans and determined that the introgressed genes result from interbreeding between Homo sapiens and Neanderthals about 47,000 years ago, over a single, extended period of about 7,000 years. The findings help pin down dates for out-of-Africa migration and the dispersal of Homo sapiens.

      

      
        Do animals get jealous like people? Researchers say it's complicated
        Using data from 23 studies of what psychologists call 'inequity aversion,' researchers combed through results of more than 60,000 observations involving 18 animal species. In what they said was the 'largest empirical investigation of non-human inequity aversion to date,' the team reconstructed data analyses and used a new metric that adds depth to the concept of fairness.
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Massive volcanic eruptions did not cause the extinction of dinosaurs | ScienceDaily
Massive volcanic eruptions on the Indian peninsula have long been proposed as an alternative cause for the demise of the dinosaurs. This phase of active volcanism took place in a period just before the Earth was struck by a meteorite, 66 million years ago. The effect of these volcanic eruptions on the Earth's climate has been topic of fierce scientific debates for decades. Now, climate scientists from Utrecht University and the University of Manchester show that, while the volcanism caused a temporary cold period, the effects had already worn off thousands of years before the meteorite impacted. The scientists therefore conclude that the meteorite impact was the ultimate cause of the dinosaur extinction event.


						
What killed off the dinosaurs -- was it the Chicxulub meteorite or did the effects of massive volcanism also play a role? Many modern children's books on the history of dinosaurs include speculation on these two competing ideas.

The meteorite impact in the Gulf of Mexico roughly 66 million years ago is well researched and widely known as the defining end of the dinosaur age. But earth scientists have fiercely debated for decades whether a massive outpouring of lava on the Indian continent, which occurred both prior to and after the meteorite impact, also contributed to the demise of dinosaur populations roaming the Earth. These volcanic eruptions released vast amounts of CO2, dust, and sulphur, thereby significantly altering the climate on earth -- but in different ways and on different timescales to a meteorite impact.

Ancient peats

A new publication in the scientific journal Science Advances by climate scientists from Utrecht University and the University of Manchester now provides compelling evidence that while the volcanic eruptions in India had a clear impact on global climate, they likely had little to no effect on the mass extinction of the dinosaurs.

By analysing fossil molecules in ancient peats from the United States of America, the scientific team reconstructed air temperatures for the time period covering both the volcanic eruptions and the meteorite impact. Using this method, the researchers show that a major volcanic eruption occurred about 30,000 years before the meteor impact, coinciding with at least a 5deg Celsius cooling of the climate. They also conclude that this cooling was likely the result of volcanic sulphur emissions blocking sunlight from reaching the Earth's surface.

Importantly, the scientists discovered that by around 20,000 years before the meteorite impact, temperatures on Earth had already stabilised and had climbed back to similar temperatures before the volcanic eruptions started. This period of global warming was likely aided by volcanic CO2 emissions, says Lauren O'Connor at Utrecht University: "These volcanic eruptions and associated CO2 and sulphur release would have had drastic consequences for life on earth. But these events happened millennia before the meteorite impact and probably played only a small part in the extinction of dinosaurs."

Impact winter




With the effects of volcanism practically ruled out, this would leave the Chicxulub meteorite impact as the primary cause of the dinosaur mass extinction. "By comparison, the impact from the asteroid unleashed a chain of disasters, including wildfires, earthquakes, tsunamis, and an 'impact winter' that blocked sunlight and devastated ecosystems. We believe the asteroid that ultimately delivered the fatal blow," says Rhodri Jerrett at the University of Manchester.

The fossil peats that the researchers analysed contain specific membrane-spanning molecules produced by bacteria. The structure of these molecules changes depending on the temperature of their environment. By analysing the composition of these molecules preserved in ancient sediments, scientists are able to calculate past temperatures. O'Connor adds: "This way, we were able to create a detailed 'temperature timeline' for the years leading up to the dinosaur extinction, which we can compare to the fossil record to understand the relative timing of events.."

The researchers from Utrecht University, the University of Manchester, Plymouth University, and the Denver Museum of Nature & Science, are now applying the same approach to reconstruct past climate at other critical periods in Earth's history.
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Lost score revives sound of music and voices from centuries past | ScienceDaily
A fragment of 'lost' music found in the pages of Scotland's first full-length printed book is providing clues to what music sounded like five centuries ago.


						
Scholars from Edinburgh College of Art and KU Leuven in Belgium have been investigating the origins of the musical score -- which contains only 55 notes -- to cast new light on music from pre-Reformation Scotland in the early sixteenth-century.

Researchers say the tantalising discovery is a rare example of music from Scottish religious institutions 500 years ago, and is the only piece which survives from the northeast of Scotland from this period.

The scholars made the discovery in a copy of The Aberdeen Breviary of 1510, a collection of prayers, hymns, psalms and readings used for daily worship in Scotland, including detailed writings on the lives of Scottish saints. Known as the 'Glamis copy' as it was formerly held in Glamis Castle in Angus, it is now in the National Library of Scotland in Edinburgh.

Despite the musical score having no text, title or attribution, researchers have identified it as a unique musical harmonisation of Cultor Dei, a night-time hymn sung during the season of Lent.

The Aberdeen Breviary came from an initiative by King James IV who issued a Royal Patent to print books containing orders of service in accordance with Scottish religious practices, rather than needing to rely on importing texts from England or Europe.

The researchers say the composition is from the Aberdeenshire region, with probable links to St Mary's Chapel, Rattray -- in Scotland's far northeastern corner -- and to Aberdeen Cathedral.




The discovery was made as researchers examined numerous handwritten annotations in the margins of the Glamis copy.

Of primary interest to the scholars was a fragment of music -- spread over two lines, the second of which is approximately half the length of the first -- on a blank page in a section of the book dedicated to Matins, an early morning service.

The presence of the music was a puzzle for the team. It was not part of the original printed book, yet it was written on a page bound into structure of the book, not slipped in at a later date, which suggests that the writer wanted to keep the music and the book together.

In the absence of any textual annotations on the page it was not clear whether the music was sacred, secular or even for voices at all, the researchers say.

After investigation they deduced it was polyphonic -- when two or more lines of independent melody are sung or played at the same time. Sources from the time say this technique was common in Scottish religious institutions, however very few examples have survived to the present day.

Looking closer, one of the team members realised that the music was a perfect fit with a Gregorian chant melody, specifically that it was the tenor part from a faburden, a three- or four-voice musical harmonization, on the hymn Cultor Dei.




David Coney, of Edinburgh College of Art, who discovered the identity of the music, said: "Identifying a piece of music is a real 'Eureka' moment for musicologists. Better still, the fact that our tenor part is a harmony to a well-known melody means we can reconstruct the other missing parts. As a result, from just one line of music scrawled on a blank page, we can hear a hymn that had lain silent for nearly five centuries, a small but precious artefact of Scotland's musical and religious traditions."

As well as uncovering lost sounds within its pages, researchers have also traced how the Aberdeen Breviary may have been used, and by whom, over its long history. At one time used as the private service-book of the illegitimate son of a high-ranking chaplain at Aberdeen Cathedral, himself a rural priest, it would later become a treasured family heirloom of a Scottish Catholic whose travels led him from post-Reformation Scotland to the capitals of the Habsburg and Ottoman Empires.

Lead author, Dr Paul Newton-Jackson, of KU Leuven, said: "The conclusions we have been able to draw from this fragment underscore the crucial role of marginalia as a source of new insights into musical culture where little notated material survived. It may well be that further discoveries, musical or otherwise, still lie in wait in the blank pages and margins of other sixteenth century printed books held in Scotland's libraries and archives."

In 2023, Dr Newton-Jackson was also a post-doctoral fellow at the University of Edinburgh's Institute for Advanced Studies in the Humanities.

Dr James Cook, of Edinburgh College of Art, said: "For a long time, it was thought that pre-Reformation Scotland was a barren wasteland when it comes to sacred music. Our work demonstrates that, despite the upheavals of the Reformation which destroyed much of the more obvious evidence of it, there was a strong tradition of high-quality music-making in Scotland's cathedrals, churches and chapels, just as anywhere else in Europe."

The study is published in the Journal Music and Letters.
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Carnivorous squirrels documented in California | ScienceDaily
A ground squirrel with cheeks stuffed with nuts, seeds or grains, is a common sight. But a new study provides the first evidence that California ground squirrels also hunt, kill and eat voles. The study, led by the University of Wisconsin-Eau Claire and University of California, Davis, is the first to chronicle widespread carnivorous behavior among squirrels.


						
Published in the Journal of Ethology, the study fundamentally changes our understanding of ground squirrels. It suggests that what was considered a granivorous species actually is an opportunistic omnivore and more flexible in its diet than was assumed.

The observations occurred in 2024 -- the 12th year of the Long-term Behavioral Ecology of California Ground Squirrels Project conducted at Briones Regional Park in Contra Costa County. Out of 74 observed interactions with voles between June and July, 42% involved active hunting of these small rodents by ground squirrels.

"This was shocking," said lead author Jennifer E. Smith, an associate professor of biology at UW-Eau Claire who leads the long-term ground squirrels project with Sonja Wild of UC Davis. "We had never seen this behavior before. Squirrels are one of the most familiar animals to people. We see them right outside our windows; we interact with them regularly. Yet here's this never-before-encountered-in-science behavior that sheds light on the fact that there's so much more to learn about the natural history of the world around us."

Wild has observed hundreds of squirrels in nature and yet, even for her, when the undergraduate students came in from field work and told her what they had witnessed, she said, "No, I'm not sure what you're referring to." Then she watched the video.

"I could barely believe my eyes," said Wild, a postdoctoral research fellow in the UC Davis Environmental Science and Policy department. "From then, we saw that behavior almost every day. Once we started looking, we saw it everywhere."

Opportunists amid rapid change

Through videos, photos and direct observations at the regional park, the authors documented California ground squirrels of all ages and genders hunting, eating and competing over vole prey between June 10 and July 30. The squirrels' carnivorous summer behavior peaked during the first two weeks of July, coinciding with an explosion of vole numbers at the park reported by citizen scientists on iNaturalist. This suggests the squirrels' hunting behavior emerged alongside a temporary increase in the availability of prey, the study said. The scientists didn't observe the squirrels hunting other mammals.




"The fact that California ground squirrels are behaviorally flexible and can respond to changes in food availability might help them persist in environments rapidly changing due to the presence of humans," Wild said.

Smith added that many species, including the California ground squirrel, are "incredible opportunists." From raccoons and coyotes to spotted hyenas and humans, the flexibility these mammals apply to their hunting strategies help them change and adapt with the human landscape.

"Through this collaboration and the data coming in, we're able to document this widespread behavior that we had no idea was going on," Smith said. "Digital technology can inform the science, but there's no replacement for going out there and witnessing the behavior because what animals are doing always surprises us."

The researchers said many questions remain unanswered, including how widespread hunting behavior is among squirrels, whether and how it is passed down from parent to pup, and how it effects ecological processes. The authors are also excited to return to the field next summer to see what impact, if any, this year's vole hunting may have on squirrel reproduction compared to the past decade.

Coauthors include Joey Ingbretson, Mackenzie Miner, Ella Oestreicher, Mari Podas, Tia Ravara, Lupin Teles and Jada Wahl of UW-Eau Claire and Lucy Todd of UC Davis.

Several coauthors conducted field work during their undergraduate studies. Their work was partly funded by the Ronald E. McNair Postbaccalaureate Achievement Program, Diversity Mentoring Program and Summer Research Experience for Undergraduates. Additional funding sources include the Swiss National Science Foundation and the Vicki Lord Larson and James Larson Tenure-track Time Reassignment Collaborative Research Program.
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Supermassive black holes halt rapid construction in an ancient celestial city | ScienceDaily
Galaxy clusters -- the big cities of the universe -- are home to many giant elliptical galaxies that have completed their growth and are not forming stars. However, it is still unclear what has shut down star formation. In a new study, researchers utilized the James Webb Space Telescope to observe an ancestor of galaxy clusters, revealing the role of supermassive black holes in slowing star formation and allowing them to evolve into giant elliptical galaxies.


						
Understanding how galaxies form and complete their growth is an area of fundamental focus in astrophysics. The dense regions of the universe, like galaxy clusters, are dominated by giant elliptical galaxies -- massive, ancient galaxies that consist of old stars. Although the mechanism by which these giant elliptical galaxies halt star formation remains debated, one theory predicts that supermassive black holes (SMBHs) could play a key role. Their intense energy can suppress the gas supply to galaxies, which may lead to the formation of the giant elliptical galaxies seen today.

Against this backdrop, an international team of researchers investigated massive galaxies in an ancient galaxy cluster known as the Spiderweb protocluster, located 11 billion light years away, using data from the James Webb Space Telescope (JWST). The research was led by Associate Professor Rhythm Shimakawa from Waseda University, Japan; Dr. Yusei Koyama from the National Astronomical Observatory of Japan; Prof. Tadayuki Kodama from Tohoku University, Japan; Dr. Helmut Dannerbauer and Dr. J. M. Perez-Martinez from the Instituto de Astrofisica de Canarias and Universidad de La Laguna, Spain; along with others who were a part of the team. Their findings were published in the Monthly Notices of the Royal Astronomical Society: Letters on December 18, 2024.

The team succeeded in obtaining high-resolution maps of the recombination lines of hydrogen, which indicate the activity of star formation and SMBHs, through the Near-Infrared Camera mounted on JWST. Detailed analysis showed that massive galaxies with active SMBHs exhibit no sign of star formation, meaning that their growth is severely hampered by SMBHs. The results support the theoretical prediction that the formation of giant elliptical galaxies is linked with SMBH activity in the past.

"The Spiderweb protocluster has been studied by our team for more than 10 years using the Subaru Telescope and other facilities. With the new JWST data, we are now able to 'answer the questions' of understanding and predicting galaxy formation that we have accumulated," remarks Dr. Shimakawa. He adds further, "This study marks a significant step forward in expanding our understanding of the co-evolution of SMBHs and galaxies in celestial cities."
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Uncovering a 'centaur's' tracks: Scientists examine unique asteroid-comet hybrid | ScienceDaily
Although our Solar System is billions of years old, we've only recently become better acquainted with one of its more dynamic and captivating inhabitants known as (2060) Chiron.


						
Chiron belongs to the class of objects that astronomers call "Centaurs." Centaurs are space objects that orbit the Sun between Jupiter and Neptune. They are akin to the mythological creature they borrow their name from in that they are hybrid, possessing characteristics of both asteroids and comets.

Using the James Webb Space Telescope, UCF Florida Space Institute (FSI) scientists recently led a team that found, for the first time, that Chiron has surface chemistry unlike other centaur. Its surface it has both carbon dioxide and carbon monoxide ice along with carbon dioxide and methane gases in its coma, the cloud-like envelope of dust and gas surrounding it.

The researchers' results were recently published in the journal Astronomy & Astrophysics.

UCF FSI Associate Scientist Noemi Pinilla-Alonso, who now works at the University of Oviedo in Spain, and Assistant Scientist Charles Schambeau led the research. The new findings build upon prior discoveries from Pinilla-Alonso and colleagues that detected carbon monoxide and carbon dioxide ice on trans-Neptunian objects (TNOs) for the first time earlier this year.

Those observations, paired with ones of Chiron, are creating foundational knowledge for understanding the creation of our Solar System, as these objects have largely remained unchanged since the Solar System was formed, Pinilla-Alonso says.

"All the small bodies in the Solar System talk to us about how it was back in time, which is a period of time we can't really observe anymore," she says. "But active centaurs tell us much more. They are undergoing transformation driven by solar heating and they provide a unique opportunity to learn about the surface and subsurface layers."

Since Chiron possesses characteristics of both an asteroid and a comet, it makes it rich for studying many processes that could assist in understanding them, she says.




"What is unique about Chiron is that we can observe both the surface, where most of the ices can be found, and the coma, where we see gases that are originating from the surface or just below it," Pinilla-Alonso says. "TNOs don't have this kind of activity because they're too far and too cold. Asteroids don't have this kind of activity because they don't have ice on them. Comets, on the other hand, show activity like centaurs, but they are typically observed closer to the Sun, and their comas are so thick that they complicate the interpretations of observations of the ices on the surface. Discovering which gases are part of the coma and their different relationships with the ices on the surface help us learn the physical and chemical properties, such as the thickness and the porosity of the ice layer, its composition, and how irradiation is affecting it."

The discovery of these ices and gases on an object as distant as Chiron -- observed near its farthest point from the Sun -- is exciting because it could help contextualize other centaurs and provide insight into the earliest era of our Solar System, Schambeau says.

"These results are like nothing we've seen before," he says. "Detecting gas comae around objects as far away from the Sun as Chiron is very challenging, but JWST has made it accessible. These detections enhance our understanding of Chiron's interior composition and how that material produces the unique behaviors as we observe Chiron."

Schambeau specializes in studying centaurs, comets and other space objects. He analyzed the methane gas coma and determined that the outflowing gas detected was consistent with it being sourced from a surface area that was exposed to the most heating from the Sun.

Chiron, first discovered in 1977, is characterized much better than most centaurs and comparatively is unique, Schambeau says. The newly analyzed information helps scientists better understand the thermophysical process going on in Chiron that produces methane gas, he says.

"It's an oddball when compared to the majority of other Centaurs," Schambeau says. "It has periods where it behaves like a comet, it has rings of material around it, and potentially a debris field of small dust or rocky material orbiting around it. So, many questions arise about Chiron's properties that allow these unique behaviors."

The researchers concluded that the coexistence of the molecules in various states adds another layer of intrigue for studying comets and centaurs. The study also highlighted the presence of irradiated byproducts of methane, carbon monoxide and carbon dioxide that will require further research and could help scientists further reveal the unique processes producing Chiron's surface composition.




Chiron originated from the TNO region and has traveled around our Solar System since its creation, says Pinilla-Alonso. The orbits of Chiron and many other large non-planetary objects occasionally experience close encounters with one of the giant planets where the gravitational pull from the planet changes the smaller object's orbit, taking them all over our Solar System and exposing them to many different environments, she says.

"We know it has been ejected from the TNO population and is only now transiting through the region of the giant planets, where it will not stay for too long," Pinilla-Alonso says. "After about 1 million years, centaurs like Chiron typically are ejected from the giant planets region, where they may end their lives as Jupiter Family comets or they may return to the TNOs region."

Pinilla-Alonso notes that the JWST's spectra showed for the first time Chiron's plethora of ices with different volatilities and their formation processes, she says.

Some of these ices, such as methane, carbon dioxide, and water ice, may be primordial components of Chiron inherited from the pre-solar nebula. Others, such as acetylene, propane, ethane, and carbon oxide, could have formed on the surface because of reduction and oxidation processes, she says.

"Based on our new JWST data, I'm not so sure we have a standard centaur," Pinilla-Alonso says. "Every active centaur that we are observing with JWST shows some peculiarity. But they cannot be all outliers. There must be something that explains why they appear to all behave differently or something that is common between them all that we cannot yet see."

The analysis of Chiron's gases and ices opens new frontiers and opportunities for exciting research, she says.

"We're going to follow up with Chiron," Pinilla-Alonso says. "It will come closer to us, and if we can study it at nearer distances and get better reads on the quantities and nature of the ices, silicates, and organics, we will be able to better understand how seasonal insolation variations and different illumination patterns can affect its behavior and its ice reservoir."

The JWST is the world's premier space science observatory, and it 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. The JWST is an international collaboration led by NASA with its partners the European Space Agency and the Canadian Space Agency.

Researchers' Credentials

Pinilla-Alonso was a professor at FSI who joined UCF in 2015. Most of her work on this project was conducted while she was at UCF. Pinilla-Alonso also holds a joint appointment as a research professor in UCF's Department of Physics and has led numerous international observational campaigns in support of NASA missions, such as New Horizons, OSIRIS-REx and Lucy. Pinilla-Alonso is a distinguished professor at the Institute for Space Sciences and Technologies in Asturias, within the Universidad de Oviedo. She received her doctoral degree in astrophysics and planetary sciences from the Universidad de La Laguna in Spain.

Schambeau is an assistant scientist who received his doctoral degree in physics with a concentration in planetary sciences in 2018 from UCF. He subsequently joined FSI where he expanded upon his work examining comets and centaurs as part of UCF's Preeminent Postdoctoral Program.
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Survey of 26,000 dead stars confirms key details of extreme stellar behavior | ScienceDaily
A study of more than 26,000 white dwarf stars has confirmed a long-predicted but elusive effect in these ultra-dense, dying stars: Hotter white dwarfs are slightly puffier than cooler ones, even when they have the same mass.


						
The findings bring scientists one step closer to using these stellar objects as natural laboratories to probe the effects of extreme gravity and hunt for exotic dark matter particles. Details about the research, led by Johns Hopkins University, are published in The Astrophysical Journal.

"White dwarfs are one of the best characterized stars that we can work with to test these underlying theories of run-of-the-mill physics in hopes that maybe we can find something wacky pointing to new fundamental physics," said Nicole Crumpler, a Johns Hopkins University astrophysicist who led the work. "If you want to look for dark matter, quantum gravity, or other exotic things, you better understand normal physics. Otherwise, something that seems novel might be just a new manifestation of an effect that we already know."

White dwarfs are cores of stars that were once like our sun but that have exhausted all the hydrogen once used as nuclear fuel. These stripped-down stars are so dense that a teaspoon of their material weighs upward of a ton, far heavier than ordinary matter. With that mass packed so tightly, their gravitational pull can be hundreds of times stronger than Earth's.

The research relied on measurements of how those extreme conditions influenced light waves emitted by white dwarfs. Light traveling away from such massive objects loses energy in the process of escaping its gravity, gradually turning redder. This "redshift" effect stretches light waves like rubber in ways telescopes can measure. It results from the warping of spacetime caused by extreme gravity, as predicted by Einstein's theory of general relativity.

By averaging measurements of the white dwarfs' motions relative to Earth and grouping them according to their gravity and size, the team isolated gravitational redshift to measure how higher temperatures influence the volume of their gaseous outer layers.

The research continues efforts by the same Johns Hopkins group. Their 2020 survey of 3,000 white dwarfs confirmed the stars shrink as they gain mass because of "electron degeneracy pressure," a quantum mechanical process that keeps their dense cores stable over billions of years without the need for nuclear fusion, which typically supports our sun and other types of stars. Until now, the team did not have enough data to confidently confirm the subtler -- but important -- effect of higher temperatures on that mass-size relationship, Crumpler said.




The study combines observations from the Sloan Digital Sky Survey, which uses telescopes in Chile and New Mexico, and the European Space Agency's Gaia mission. Both projects are continuously mapping and tracking millions of stars, galaxies, and other cosmic objects.

"The next frontier could be detecting the extremely subtle differences in the chemical composition of the cores of white dwarfs of different masses," said Nadia Zakamska, a Johns Hopkins astrophysics professor who directed the research. "We don't fully understand the maximum mass a star can have to form a white dwarf, as opposed to a neutron star or a black hole. These increasingly high-precision measurements can help us test and refine theories about this and other poorly understood processes in massive star evolution."

The observations could also help attempts to spot signs of dark matter, such as axions or other hypothetical particles, Crumpler said. By providing a more detailed picture of white dwarf structures, the team could use this data to uncover the signal of a particular model of dark matter that results in an interference pattern in our galaxy. If two white dwarfs are within the same dark matter interference patch, then dark matter would change the structure of these stars in the same way, Crumpler said.

Even though dark matter has gravity, it does not emit light or energy that telescopes can see. Scientists know it makes up most of the matter in space because its gravity affects stars, galaxies, and other cosmic objects in ways similar to how the sun affects our planet's orbit.

"We've banged our heads against the wall trying to figure out what dark matter is, but I'd say we have jack diddly squat," Crumpler said. "We know a whole lot of what dark matter is not, and we have constraints on what it can and can't do, but we still don't know what it is. That's why understanding simpler astrophysical objects like white dwarf stars is so important, because they give hope of discovering what dark matter might be."

Other authors include Vedant Chandra and Priyanka Chakraborty of Center for Astrophysics | Harvard & Smithsonian; Gautham Adamane Pallathadka, Stefan Arseneau, and Stephen P. Schmidt of Johns Hopkins University; Nicola Gentile Fusillo of Universita degli Studi di Trieste; J.J. Hermes of Boston University; Carles Badenes of University of Pittsburgh; and Boris T. Gansicke of University of Warwick

This research was supported by the National Science Foundation Graduate Research Fellowship Program under Grant No. 679DGE2139757, a Peirce Fellowship from Harvard University, the Johns Hopkins President's Frontier Award, a seed grant from the JHU Institute for Data Intensive Engineering and Science, the Johns Hopkins Provost's Undergraduate Research Award, the Alfred P. Sloan Foundation, and the Heising-Simons Foundation.

Sloan Digital Sky Survey telescopes are located at Apache Point Observatory, funded by the Astrophysical Research Consortium and operated by New Mexico State University, and at Las Campanas Observatory, operated by the Carnegie Institution for Science. Funding for the European Space Agency's Gaia Data Processing Analysis Consortium has been provided by national institutions participating in the Gaia Multilateral Agreement.
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Massive black hole in the early universe spotted taking a 'nap' after overeating | ScienceDaily
Scientists have spotted a massive black hole in the early universe that is 'napping' after stuffing itself with too much food.


						
Like a bear gorging itself on salmon before hibernating for the winter, or a much-needed nap after Christmas dinner, this black hole has overeaten to the point that it is lying dormant in its host galaxy.

An international team of astronomers, led by the University of Cambridge, used the NASA/ESA/CSA James Webb Space Telescope to detect this black hole in the early universe, just 800 million years after the Big Bang.

The black hole is huge -- 400 million times the mass of our Sun -- making it one of the most massive black holes discovered by Webb at this point in the universe's development. The black hole is so enormous that it makes up roughly 40% of the total mass of its host galaxy: in comparison, most black holes in the local universe are roughly 0.1% of their host galaxy mass.

However, despite its gigantic size, this black hole is eating, or accreting, the gas it needs to grow at a very low rate -- about 100 times below its theoretical maximum limit -- making it essentially dormant.

Such an over-massive black hole so early in the universe, but one that isn't growing, challenges existing models of how black holes develop. However, the researchers say that the most likely scenario is that black holes go through short periods of ultra-fast growth, followed by long periods of dormancy. Their results are reported in the journal Nature.

When black holes are 'napping', they are far less luminous, making them more difficult to spot, even with highly-sensitive telescopes such as Webb. Black holes cannot be directly observed, but instead they are detected by the tell-tale glow of a swirling accretion disc, which forms near the black hole's edges. The gas in the accretion disc becomes extremely hot and starts to glow and radiate energy in the ultraviolet range.




"Even though this black hole is dormant, its enormous size made it possible for us to detect," said lead author Ignas Juodzbalis from Cambridge's Kavli Institute for Cosmology. "Its dormant state allowed us to learn about the mass of the host galaxy as well. The early universe managed to produce some absolute monsters, even in relatively tiny galaxies."

According to standard models, black holes form from the collapsed remnants of dead stars and accrete matter up to a predicted limit, known as the Eddington limit, where the pressure of radiation on matter overcomes the gravitational pull of the black hole. However, the sheer size of this black hole suggests that standard models may not adequately explain how these monsters form and grow.

"It's possible that black holes are 'born big', which could explain why Webb has spotted huge black holes in the early universe," said co-author Professor Roberto Maiolino, from the Kavli Institute and Cambridge's Cavendish Laboratory. "But another possibility is they go through periods of hyperactivity, followed by long periods of dormancy."

Working with colleagues from Italy, the Cambridge researchers conducted a range of computer simulations to model how this dormant black hole could have grown to such a massive size so early in the universe. They found that the most likely scenario is that black holes can exceed the Eddington limit for short periods, during which they grow very rapidly, followed by long periods of inactivity: the researchers say that black holes such as this one likely eat for five to ten million years, and sleep for about 100 million years.

"It sounds counterintuitive to explain a dormant black hole with periods of hyperactivity, but these short bursts allow it to grow quickly while spending most of its time napping," said Maiolino.

Because the periods of dormancy are much longer than the periods of ultra-fast growth, it is in these periods that astronomers are most likely to detect black holes. "This was the first result I had as part of my PhD, and it took me a little while to appreciate just how remarkable it was," said Juodzbalis. "It wasn't until I started speaking with my colleagues on the theoretical side of astronomy that I was able to see the true significance of this black hole."

Due to their low luminosities, dormant black holes are more challenging for astronomers to detect, but the researchers say this black hole is almost certainly the tip of a much larger iceberg, if black holes in the early universe spend most of their time in a dormant state.

"It's likely that the vast majority of black holes out there are in this dormant state -- I'm surprised we found this one, but I'm excited to think that there are so many more we could find," said Maiolino.

The observations were obtained as part of the JWST Advanced Deep Extragalactic Survey (JADES). The research was supported in part by the European Research Council and the Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI).
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Swarms of 'ant-like' robots lift heavy objects and hurl themselves over obstacles | ScienceDaily
Scientists in South Korea have developed swarms of tiny magnetic robots that work together like ants to achieve Herculean feats, including traversing and picking up objects many times their size.


						
The findings, published Wednesday, December 18 in the Cell Press journal Device, suggest that these microrobot swarms -- operating under a rotating magnetic field -- could be used to take on difficult tasks in challenging environments that individual robots would struggle to handle, such as offering a minimally invasive treatment for clogged arteries and precisely guiding organisms.

"The high adaptability of microrobot swarms to their surroundings and high autonomy level in swarm control were surprising," says author Jeong Jae Wie of the Department of Organic and Nano Engineering at Hanyang University in Seoul, South Korea.

Wie and colleagues tested how well microrobot swarms with different assembly configurations performed at a variety of tasks. They found that swarms with high aspect ratio assembly could climb an obstacle five times higher than the body length of a single microrobot and hurl themselves, one by one, over an obstacle.

A large swarm of 1,000 microrobots with high packing density formed a raft that floated on water and wrapped itself around a pill that weighed 2,000 times more than each individual robot, enabling the swarm to transport the drug through the liquid.

On dry land, a robot swarm managed to transport cargo 350 times heavier than each individual, while another microrobot swarm was able to unclog tubes that resembled blocked blood vessels. Finally, through spinning and orbital dragging motions, Wie's team developed a system through which robot swarms could guide the motions of small organisms.

Scientists have become increasingly interested in studying how swarms of robots can collectively achieve goals, inspired by the way ants band together to bridge a gap in a path or huddle in the shape of a raft to survive floods. Similarly, working together makes robots more resistant to failure -- even if some members of the group fall short of the goal, the rest keep performing their programmed motions until enough of them eventually succeed.




"Previous swarm robotics research has focused on spherical robots, which come together through point-to-point contact," says Wie. In this study, the researchers designed a swarm made up of cube-shaped microrobots, which share stronger magnetic

attractions since larger surface areas -- entire faces of each cube -- can come into contact.

Each microrobot stands 600 micrometers tall and consists of an epoxy body embedded with particles of ferromagnetic neodymium-iron-boron (NdFeB), which enables it to respond to magnetic fields and interact with other microrobots. By powering the robots with a magnetic field generated by rotating two connected magnets, the swarm can self-assemble. The researchers programmed the robots to come together in different configurations by varying the angle at which the robots were magnetized.

"We developed a cost-effective mass production method using onsite replica molding and magnetization, ensuring uniform geometry and magnetization profiles for consistent performance," says Wie.

"While the study's results are promising, the swarms will need higher levels of autonomy before they will be ready for real-world applications," says Wie.

"The magnetic microrobot swarms require external magnetic control and lack the ability to autonomously navigate complex or confined spaces like real arteries," he says. "Future research will focus on enhancing the autonomy level of the microrobot swarms, such as real-time feedback control of their motions and trajectories."
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A 'remelting' of lunar surface adds a wrinkle to mystery of Moon's true age | ScienceDaily
Much about the Moon remains shrouded in mystery, including its age. Analyses of samples brought back from the lunar surface indicate our celestial sidekick could be about 4.35 billion years old, which means it came to be at about 200 million years after the formation of our solar system.


						
But that immense lag doesn't sit well with some scientists. During the solar system's early days, debris and planetary bodies collided and coalesced to form planets. By 200 million years, most of this chaotic debris had been swept up into larger bodies. Thus, many scientists who simulate the solar system's evolution see the idea of a massive collision forming the Moon this late as improbable.

In an "idea paper" published on December 18 in Nature, UC Santa Cruz Professor Francis Nimmo and his co-authors propose a possible explanation for this discrepancy: that the Moon underwent a "remelting" 4.35 billion years ago due to the tidal pull of Earth causing widespread geological upheaval and intense heating. They say this remelting would have "reset" the age of the lunar rocks -- masking the Moon's true age with what could be likened to a volcanic facelift.

"We predict that there shouldn't be any lunar rocks that are older than 4.35 billion years because they should have experienced the same resetting," said Nimmo, a professor of Earth and planetary sciences. "Because this heating event was global, you shouldn't find rocks anywhere on the Moon that are significantly older than that."

Moon as microcosm for the cosmos

The Moon has fascinated humanity for millenia, and in the last few centuries, people started to wonder how -- and when -- the Moon formed. One of the reasons for sending astronauts to the Moon was to answer this question. The Moon also serves as a luminous stepping stone to comprehending more distant objects. But, if we can't nail down the age of the Moon, how can we be confident about the precise age of anything beyond it?

The Moon is thought to have been born from a collision between the early Earth and a Mars-sized protoplanet -- the last giant impact in our planet's history. The timing of this event has been estimated by dating lunar-rock samples presumed to have crystallized from the lunar magma ocean that existed post-impact, placing the Moon's age at about 4.35 billion years old.




However, this age fails to account for several discrepancies with thermal models and other pieces of evidence, such as the ages of some zircon minerals on the lunar surface, which suggest that the Moon could be up to 4.51 billion years old.

Nimmo and his colleagues hypothesize that a remelting event driven by the Moon's orbital evolution could account for the frequent occurrence of approximately 4.35-billion-year-old rocks -- such as those collected by the U.S. Apollo mission and others -- rather than the first solidification of the lunar magma ocean.

For their paper, the authors used modelling to show that the Moon may have experienced sufficient tidal heating to cause this remelting approximately 4.35 billion years ago, which could "reset" the apparent formation age of these lunar samples.

A misleading magma mask

Tidal heating is a process where the gravitational forces between two celestial bodies cause internal friction that leads to intense heating. For the Moon, this effect was likely more pronounced in its early history when it was closer to Earth. According to the latest models, during certain periods in its early years, the Moon's orbit would have been unstable, causing it to experience intense tidal forces from Earth that could have led to significant heating events, dramatically altering the Moon's geology.

The research team draws parallels between this hypothetical heating event on the Moon and the current volcanic activity observed on the Jupiter moon Io, which is known as the most volcanically active body in the solar system. Volcanic activity on Io is driven by tidal forces similar to what may have marked the Moon's early history, with widespread volcanic activity and the surface being constantly reshaped by eruptions.




The researchers also say the remelting of the Moon would explain why there are fewer lunar impact basins from early bombardments than might be expected, as they would have been erased during a heating event. The authors posit that this explanation would suggest the formation of the Moon occurred between 4.43 and 4.53 billion years ago, at the upper limit of previous age estimates.

Nimmo said the next stage of research will involve more complex simulations that refine our understanding of how tidal heating might have reset the Moon's geological clock. This, along with additional lunar samples from future missions, should shed more light on the Moon's true age.

That's why excitement surrounds the recent return of lunar samples by China's Chang'e 6 mission. These samples, collected from the far side of the Moon, will provide invaluable data for understanding the processes that shaped its history. Researchers are particularly eager to see whether these new samples support the idea of a global resetting event caused by tidal heating.

Nimmo's team also envisions more detailed modeling to further explore the effects of tidal heating on the Moon's geology. Although the initial models are promising, more complex and realistic simulations will be necessary to fully understand the scope of these heating events.

A New Era of Lunar Research

This paper not only offers a fresh perspective on the Moon's past, but also opens the door for more nuanced investigations into its formation and evolution. The interplay between geochemistry and simulation modeling is helping scientists to fill in the gaps of lunar history, with tidal heating emerging as a crucial mechanism for understanding the Moon's geological features.

"As more data becomes available -- particularly from ongoing and future lunar missions -- the understanding of the Moon's past will continue to evolve," Nimmo said. "We hope that our findings will spark further discussion and exploration, ultimately leading to a clearer picture of the Moon's place in the broader history of our solar system."
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How to print a car: High-performance multi-material 3D printing techniques | ScienceDaily
Researchers at Tohoku University's Institute for Materials Research and New Industry Creation Hatchery Center have made a breakthrough in a multi-material 3D printing technique, demonstrating the process for creating a lightweight yet durable automobile part.


						
The process of metal 3D printing involves building objects by depositing metals layer by layer, using heat to bind them together. The precision of 3D printing allows for the production of unique, highly customizable shapes that often create less wasteful byproducts than traditional manufacturing methods. "Multi-material structures" which strategically combine different materials for optimal performance of a component can also be created via 3D printing. For example, steel automobile parts can be made more lightweight by combining them with aluminum. Due to these benefits, mastering such 3D printing techniques is garnering considerable attention from researchers.

However, this technique does come with some challenges.

"Multi-materials are a hot topic in the field of additive manufacturing due to its process flexibility," explains Associate Professor Kenta Yamanaka (Tohoku University), "However, a major challenge in practical implementation is that for certain metal combinations, such as steel and aluminum, brittle intermetallic compounds can be formed at the dissimilar metal interfaces. So, while the material is now lighter, it ends up being more brittle."

The goal of this study was to produce a steel-aluminum alloy that was lightweight but did not compromise on strength. To do so, the research team used Laser Powder Bed Fusion (L-PBF), one of the primary metal 3D printing technologies that employs a laser to selectively melt metal powders. They discovered that increasing the scan speed of the laser significantly suppresses the formation of brittle intermetallic compounds (such as Al5Fe2 and Al13Fe4). They proposed that this higher scanning speed leads to something called non-equilibrium solidification, which minimizes solute partitioning that result in weak points in the material. The resulting product they created consequently demonstrated strong bonding interfaces.

"In other words, you can't just slap two metals together and expect them to stick without a plan," says Specially Appointed Assistant Professor Seungkyun Yim (Tohoku University),"We had to fully understand the in-situ alloying mechanism first."

Based on this achievement, they successfully prototyped the world's first full-scale automotive multi-material component (suspension tower) with a tailored geometry. The research group intends to apply these findings to other metal combinations where similar issues with bonding need improvement, which will allow for more broad applications.

The results were published in Additive Manufacturing on November 19, 2024.
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Brain cells remain healthy after a month on the International Space Station, but mature faster than brain cells on Earth | ScienceDaily
Microgravity is known to alter the muscles, bones, the immune system and cognition, but little is known about its specific impact on the brain. To discover how brain cells respond to microgravity, Scripps Research scientists, in collaboration with the New York Stem Cell Foundation, sent tiny clumps of stem-cell derived brain cells called "organoids" to the International Space Station (ISS).


						
Surprisingly, the organoids were still healthy when they returned from orbit a month later, but the cells had matured faster compared to identical organoids grown on Earth -- they were closer to becoming adult neurons and were beginning to show signs of specialization. The results, which could shed light on potential neurological effects of space travel, were published on October 23, 2024, in Stem Cells Translational Medicine.

"The fact that these cells survived in space was a big surprise," says co-senior author Jeanne Loring, PhD, professor emeritus in the Department of Molecular Medicine and founding director of the Center for Regenerative Medicine at Scripps Research. "This lays the groundwork for future experiments in space, in which we can include other parts of the brain that are affected by neurodegenerative disease."

On Earth, the team used stem cells to create organoids consisting of either cortical or dopaminergic neurons, which are the neuronal populations impacted in multiple sclerosis and Parkinson's disease -- diseases that Loring has studied for decades. Some organoids also included microglia, a type of immune cell that is resident within the brain, to examine the impact of microgravity on inflammation.

Organoids are usually grown in a nutrient-rich liquid medium that must be changed regularly to ensure that the cells have adequate nutrition, and to remove waste products. To avoid the need for lab work on the ISS, the team pioneered a method for growing smaller-than-usual organoids in cryovials -- small, airtight vials that were originally designed for deep freezing.

The organoids were prepared in labs at the Kennedy Space Station and traveled to the ISS in a miniature incubator. After a month in orbit, they returned to Earth, where the team showed that they were healthy and intact.

To examine how the space environment impacts cellular functions, the team compared the cells' RNA expression patterns -- a measure of gene activity -- to identical "ground control" organoids that had remained on Earth. Surprisingly, they found that the organoids grown in microgravity had higher levels of genes associated with maturity and lower levels of genes associated with proliferation compared to the ground controls, meaning that the cells exposed to microgravity developed faster and replicated less than those on Earth.




"We discovered that in both types of organoids, the gene expression profile was characteristic of an older stage of development than the ones that were on ground," says Loring. "In microgravity, they developed faster, but it's really important to know these were not adult neurons, so this doesn't tell us anything about aging."

The team also noted that, contrary to their hypothesis, there was less inflammation and lower expression of stress-related genes in organoids grown in microgravity, but more research is needed to determine why.

Loring speculates that microgravity conditions may more closely mirror the conditions experienced by cells within the brain compared to organoids grown under conventional lab conditions and in the presence of gravity.

"The characteristics of microgravity are probably also at work in people's brains, because there's no convection in microgravity -- in other words, things don't move," says Loring. "I think that in space, these organoids are more like the brain because they're not getting flushed with a whole bunch of culture medium or oxygen. They're very independent; they form something like a brainlet, a microcosm of the brain."

The paper describes the team's first space mission, but since then, they have sent four more missions to the ISS. With each one, they've replicated the conditions from the first mission and added additional experiments.

"The next thing we plan to do is to study the part of the brain that's most affected by Alzheimer's disease," says Loring. "We also want to know whether there are differences in the way neurons connect with each other in space. With these kinds of studies, you can't rely on earlier work to predict what the result would be because there is no earlier work. We're on the ground floor, so to speak; in the sky, but on the ground floor."

This work was supported by funding from the National Stem Cell Foundation. 
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Physicists 'bootstrap' validity of string theory | ScienceDaily
String theory, conceptualized more than 50 years ago as a framework to explain the formation of matter, remains elusive as a "provable" phenomenon. But a team of physicists has now taken a significant step forward in validating string theory by using an innovative mathematical method that points to its "inevitability."


						
String theory posits that the most basic building blocks of nature are not particles, but, rather, one-dimensional vibrating strings that move at different frequencies in determining the type of particle that emerges -- akin to how vibrations of string instruments produce an array of musical notes.

In their work, reported in the journal Physical Review Letters, New York University and Caltech researchers posed the following question: "What is the math question to which string theory is the only answer?" This approach to understanding physics is known as the "bootstrap," which is reminiscent of the adage about "pulling yourself up by your bootstraps" -- producing results without additional assistance or, in this case, input.

The bootstrap has previously allowed physicists to understand why general relativity and various particle theories -- like the interactions of gluons inside of protons -- are mathematically inevitable: they are the only consistent mathematical structures, under certain criteria.

However, the same question had not previously been answered for string theory: What criteria uniquely determine it by mathematically picking it out from the set of all possible theories?

In the Physical Review Letters paper, the scientists discovered a way to bootstrap these string amplitudes -- specifically, constructing them through the creation of mathematical formulas. By implementing special mathematical conditions on their formulas for scattering amplitudes -- which describe how particles interact and ultimately form -- the group found that the amplitudes of string theory emerged as the only consistent answer.

"This paper provides an answer to this string-theory question for the first time," says Grant Remmen, a James Arthur Postdoctoral Fellow in NYU's Center for Cosmology and Particle Physics and one of the authors of the paper. "Now that these mathematical conditions are known, it brings us a step closer to understanding if and why string theory must describe our universe."

The paper's authors, who also included Clifford Cheung, a professor of theoretical physics at Caltech, and Aaron Hillman, a Caltech postdoctoral researcher, add that this breakthrough may be useful in better understanding quantum gravity -- it seeks to reconcile Einstein's theory of relativity, which explains large-scale gravity, with quantum mechanics, which describes particle activity at the smallest scales.

"This approach opens a new area of study in analyzing the uniqueness of string amplitudes," explains Remmen. "The development of tools outlined in our research can be used to investigate deformations of string theory, allowing us to map a space of possibilities for quantum gravity."

This research was supported by a grant from the US Department of Energy (DESC0011632).
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World Cup soccer is getting faster for men and women alike | ScienceDaily
If the experience of watching a FIFA World Cup soccer final is intense, spare a thought for the players, who are competing at an ever increasing intensity, according to a new study published in the International Journal of Performance Analysis in Sport.


						
Professor Kevin Norton from the School of Health Sciences at UNSW Sydney analysed broadcast footage of 12 FIFA World Cup finals -- 2014-2022 for men and 1991-2023 for women -- to assess trends in the game.

Prof. Norton reviewed historical video footage with the support of computer-based tracking technology to track and quantify patterns, using what is called a retrospective correlation design. The study built on Prof. Norton's previous analysis of men's World Cup soccer finals games from 1966-2010, so ultimately took in the broadcast footage of 15 men's FIFA World Cup finals (1966-2022) and 9 women's finals (1991-2023) to quantify changes over time in specific metrics of finals games.

"The study confirms what football fans are likely to have observed, and that is that football is evolving for both the men's and women's game," says Prof. Norton.

"You can see that successful approaches stick around and unsuccessful attributes tend to disappear," says Prof. Norton, who is an expert in the evolution of elite sports performance.

"Looking at the World Cup finals was a way to see what is bringing the most success in terms of the evolution of soccer. And both the men's and women's game are on a similar trajectory, at a very similar rate," he says.

Games were analysed as halves to determine trends within games, and extra time (played if the scores are tied at the end of World Cup finals) was not included in this analysis.




The study looked at three broad categories: 1) game 'structure' using indicators such as the number and duration of play and stop periods, 2) distances and speed of ball movement and 3) passing rates relative to play time and overall ball movement.

The study found that total stoppage time, ball speed and passing rates increased significantly for both men and women, with ball speed increasing faster for women than men as speeds have converged over the last decades.

Game structure

By measuring play and stop patterns within games, the study found that total play times for men and women have remained unchanged over time (at around 50 minutes per game). However, total game stoppage time -- during which the clock stops -- has shown progressive increases.

Women's play percentage decreased significantly across time from an average of 65% to 55% of total game time to match current men's finals games play percentages. And the duration of stoppages has increased for both men and women.

"The increased stoppage time is likely allowing for an elevated intensity of play due to the opportunity for physiological recovery during stoppages," explains Prof. Norton.




Ball movement

The distance the ball travels during a game showed no significant change over time for men, but it increased for women. The speed of ball movement, however, has increased significantly in both men's and women's games. The study noted that the ball speed in women's games increased at a greater rate than in men's games as the women's ball speed continues to converge with the men's.

Passing rates

Passing rates continue to increase for both men and women as skills and accuracy further advance. Higher passing rates require superior decision-making skills, stealth movements and rapid ball control.

Key findings

"Speed is increasingly an advantage in football, which means all teams are looking to sign up faster players, and in turn they need to be skilful while moving fast. Players need to be able to control the ball almost instantaneously in a dense environment now, which is a change you can see over time," says Prof. Norton.

"The increased speed also means players need the ability to make decisions quickly, along with being accurate and fast in passing," he says.

Observing that success in the World Cup is linked with increased speed, and skill at speed, means teams are likely to focus their talent development on players with these attributes.

"Similarly, training and development will evolve to look at how to support the higher physical demands on players, by ensuring energy supply, and strategies to prevent fatigue and injury," says Prof. Norton.

"If these trends continue, pace, power, rapid decision-making and the ability to pass the ball precisely at high speed will become even more important," he says.

The women's game

This is the first study that has measured Women's World Cup soccer finals, and the evolution of the game has not been documented across this period.

"There has been significant underrepresentation of female athletes in sports science and medicine publications in most sports," says Prof. Norton.

"One of the interesting findings of this study is that both games are on the same trajectory. The professionalisation of women's soccer has meant women are playing full-time, and the speed and style of the game is now resembling the speed and style of the men's game, showing that the model is successful, otherwise the teams wouldn't continue on that pathway," he says.

Study limitations

The study is based on 15 men's games played over a 56-year period and 9 women's games over a 32-year period. And although the World Cup finals represent competition at the pinnacle of soccer performance, it may not be representative of soccer evolution in general. Games can also vary depending on contexts such as weather conditions, team strategies such as time wasting, refereeing style, score-line, injury and substitution use.

"Despite these game-to-game influences, we can observe an evolution of the game, and measure it to confirm statistically significant trends," says Prof. Norton.

The future

"Modern games are all about playing in very close, high-density environments where players need to think quickly to skillfully move the ball through that traffic. That's the way it's going, but can the game ultimately get faster?" asks Prof. Norton.

As the game evolves, the skills of stars like Lionel Messi and Sam Kerr will become a benchmark rather than an exception.

Another consequence of increased intensity is the toll it takes on players' bodies.

"Playing at such intensity every game takes its toll on the body and is associated with higher injury incidence. Managing players through appropriate training loads, recovery strategies and rehabilitation programs will become even more critical," says Prof. Norton

And on a final practical note, says Prof. Norton: "Players who can succeed at the pinnacle of sport are rare and finding them will involve searching every corner of the world ... and they will be remunerated accordingly."
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Travelers weigh in on weight-based airfares for eco-friendly skies | ScienceDaily
The holidays are in full swing and people are shopping, wrapping and packing to visit loved ones. Along with the extra fees for checked baggage and seat upgrades, some airlines are also considering weight-based pricing. A recent study out of the University of New Hampshire looked at how people felt about weighing their baggage and themselves to help reduce emissions and found while over half of travelers are not keen about hopping on the scale, some would be open to the idea -- especially if it aligns with their own interests in the environment.


						
"We wanted to explore how air travel could be made more sustainable, especially considering the weight we carry -- both personal weight and baggage that often travels back and forth," said Markus Schuckert, professor of hospitality management. "We wondered if reducing weight overall could contribute to more eco-friendly air travel and began questioning whether passengers might accept pricing that reflects this."

In their study, recently published in the journal of Transportation Research Part A: Policy and Practice, researchers surveyed over 1,000 U.S. air travelers to gauge their view on three potential fare policies that provided a more sustainable flying option. The heavier the aircraft, the more jet fuel it burns and the more carbon emissions are produced so they devised a tier approach -- a standard policy where all passengers pay a uniform price; a threshold policy where passengers exceeding a certain weight pay additional fees; and a unit-of-body-weight policy where each passenger's airfare is based on their combined body and baggage weight.

The standard policy was the most accepted approach across all demographics, with more than half of respondents rating it as the most ethical option. Nearly 60% of participants voiced concerns about weight-based policies, citing potential fairness issues and the risk of discrimination, especially around factors like nutrition, income and accessibility which often influence body weight.

Those who were more in favor of weight-based policies tended to be younger with those ages 18-35 accepting weight-based pricing almost 20 percentage points more than travelers who were 66 and older. Additionally, travelers with higher incomes or frequent flyer status were 25% more likely to support weight-based policies than those in lower income brackets or who didn't travel as much.

The idea of weight-based pricing touches on some key concerns for airlines -- specifically, the balance between environmental impact and customer privacy. This concept can be polarizing and has yet to gain traction with most airlines due to ethical concerns.

Researchers say the study isn't meant to be an endorsement of such policies, it just makes sense from a research perspective to investigate whether the idea offers a pathway to reduce emissions for a more sustainable air travel -- and if passengers would accept these changes.

"This topic has been widely discussed for decades, but there's surprisingly little research on it," said Schuckert. "Some airlines have tried or considered weight-based policies, but the main roadblock remains ethical concerns, which make it difficult to even discuss. But if we aim to make air travel more sustainable, we should have an open discussion. That's really the point of research -- to put everything on the table for consideration."

Researchers say future studies could look at alternative ways to incentivize lighter travel or new approaches to sustainability that avoid discrimination and support both environmental and social responsibility.

Co- authors include Lorenzo Masiero and Judit Zoltan, both from the University of Bologna, Italy; Denis Tolkach, James Cook University, Australia; Stephen Pratt, University of Central Florida; Matias Thuen Jorgensen, Roskilde University, Denmark; and Kaye Chon, The Hong Kong Polytechnic University.
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Binary star found near our galaxy's supermassive black hole | ScienceDaily
An international team of researchers has detected a binary star orbiting close to Sagittarius A*, the supermassive black hole at the centre of our galaxy. It is the first time a stellar pair has been found in the vicinity of a supermassive black hole. The discovery, based on data collected by the European Southern Observatory's Very Large Telescope (ESO's VLT), helps us understand how stars survive in environments with extreme gravity, and could pave the way for the detection of planets close to Sagittarius A*.


						
"Black holes are not as destructive as we thought," says Florian Peissker, a researcher at the University of Cologne, Germany, and lead author of the study published today in Nature Communications. Binary stars, pairs of stars orbiting each other, are very common in the Universe, but they had never before been found near a supermassive black hole, where the intense gravity can make stellar systems unstable.

This new discovery shows that some binaries can briefly thrive, even under destructive conditions. D9, as the newly discovered binary star is called, was detected just in time: it is estimated to be only 2.7 million years old, and the strong gravitational force of the nearby black hole will probably cause it to merge into a single star within just one million years, a very narrow timespan for such a young system.

"This provides only a brief window on cosmic timescales to observe such a binary system -- and we succeeded!" explains co-author Emma Bordier, a researcher also at the University of Cologne and a former student at ESO.

For many years, scientists also thought that the extreme environment near a supermassive black hole prevented new stars from forming there. Several young stars found in close proximity to Sagittarius A* have disproved this assumption. The discovery of the young binary star now shows that even stellar pairs have the potential to form in these harsh conditions. "The D9 system shows clear signs of the presence of gas and dust around the stars, which suggests that it could be a very young stellar system that must have formed in the vicinity of the supermassive black hole," explains co-author Michal Zajacek, a researcher at Masaryk University, Czechia, and the University of Cologne.

The newly discovered binary was found in a dense cluster of stars and other objects orbiting Sagittarius A*, called the S cluster. Most enigmatic in this cluster are the G objects, which behave like stars but look like clouds of gas and dust.

It was during their observations of these mysterious objects that the team found a surprising pattern in D9. The data obtained with the VLT's ERIS instrument, combined with archival data from the SINFONI instrument, revealed recurring variations in the velocity of the star, indicating D9 was actually two stars orbiting each other. "I thought that my analysis was wrong," Peissker says, "but the spectroscopic pattern covered about 15 years, and it was clear this detection is indeed the first binary observed in the S cluster."

The results shed new light on what the mysterious G objects could be. The team proposes that they might actually be a combination of binary stars that have not yet merged and the leftover material from already merged stars.

The precise nature of many of the objects orbiting Sagittarius A*, as well as how they could have formed so close to the supermassive black hole, remain a mystery. But soon, the GRAVITY+ upgrade to the VLT Interferometer and the METIS instrument on ESO's Extremely Large Telescope (ELT), under construction in Chile, could change this. Both facilities will allow the team to carry out even more detailed observations of the Galactic centre, revealing the nature of known objects and undoubtedly uncovering more binary stars and young systems. "Our discovery lets us speculate about the presence of planets, since these are often formed around young stars. It seems plausible that the detection of planets in the Galactic centre is just a matter of time," concludes Peissker.
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Tiny robots, big impact: Revolutionizing infertility treatment with magnetic microrobots | ScienceDaily
Infertility affects an estimated 186 million people worldwide, with fallopian tube obstruction contributing to 11%-67% of female infertility cases. In AIP Advances, from AIP Publishing, researchers at the SIAT Magnetic Soft Microrobots Lab have developed an innovative solution using a magnetically driven robotic microscrew to treat fallopian tube blockages.


						
"This new technology offers a potentially less invasive alternative to the traditional surgical methods currently used to clear tubal obstructions, which often involve the use of conventional catheters and guidewires," said author Haifeng Xu.

The microrobot is made from nonmagnetic photosensitive resin, coated with a thin iron layer to give it magnetic properties. By applying an external magnetic field, the robot rotates, generating translational motion that enables it to navigate through a glass channel simulating a fallopian tube. The robot successfully clears a cell cluster obstruction placed in the channel, mimicking a typical blockage in the female reproductive system. This magnetic control provides precise navigation through the delicate and narrow structures of the fallopian tube.

The design of the microrobot is another key innovation. It has a screw-shaped body with a helical structure, a cylindrical central tube, and a disk-shaped tail. The helix-shaped structure is crucial for propulsion, while the disk-shaped tail helps stabilize the robot's motion. As the screw rotates, it generates a vortex field that helps push fragmented debris toward the tail, clearing the blockage more effectively.

In tests, the microrobot demonstrated both effectiveness and efficiency in clearing the simulated blockage, with the vortex created by the rotating screw propelling debris away from the obstruction.

Looking to the future, the research team plans to make the microrobot smaller and more advanced. They also aim to test the robot in isolated organ models and incorporate in vivo imaging systems to track the microrobot's movement and position in real time. The team also envisions expanding the robot's applications in surgery, including automatic control systems that could enhance the efficiency of blockage removal and other medical procedures.

"The ultimate goal is to provide a more effective, minimally invasive solution for patients suffering from infertility," said Xu.
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New paper examines the elusive nature of liquid brines on Mars | ScienceDaily
More than a hundred years ago, astronomer Percival Lowell made the case for the existence of canals on Mars designed to redistribute water from the Martian ice caps to its lower, drier latitudes. This necessarily meant the existence of Martians to build the canals.


						
While Lowell was proven wrong by better telescopes, the question of whether there's liquid water on Mars continues to tantalize researchers. Liquid water is a critical precondition for a habitable planet. Yet the combination of low temperature, atmospheric pressure and water vapor pressure on Mars means any liquid water found there would likely freeze, boil or evaporate immediately, making its presence unlikely.

Yet researchers continue to make the case for the presence of liquid water on Mars.

Of particular interest has been the discovery of the "recurring slope lineae," or RSL, which are dark linear features found on steep slopes in specific regions of Mars. RSL display seasonal changes, appearing in warmer seasons and fading in colder seasons, in a way that is consistent with the behavior of liquid water. Distinct striped and polygonal features in Martian permafrost have also been pointed to as possible evidence of thermal cycles. A further case has also been made for an assortment of potential liquid brines.

But a new paper published in the Proceedings of the National Academy of Sciences of the United States of America, the official journal of the National Academy of Sciences, throws cold water on the notion that we are likely find liquid water on Mars in RSLs, permafrost or brines anytime soon.

The paper, "The Elusive Nature of Martian Liquid Brines," was co-authored by Vincent Chevrier, an associate research professor at the University of Arkansas' Center for Space and Planetary Sciences, and Rachel Slank, a postdoctoral fellow at The Lunar and Planetary Institute in Houston, Texas. Slank earned her Ph.D. at the U of A while working with Chevrier, who has spent the last 20 years studying Mars for signs of liquid water. In short, he's as invested as anyone in there being liquid water on Mars, but he thinks the evidence just isn't there yet.

The goal of the paper is to educate the public on the current state of knowledge regarding the existence of liquid water on Mars.




"I wanted to write this paper for a very long time," Chevrier said, "because I think there is a lot of confusion, a lot of misunderstanding, and a lot of erroneous interpretations of what the research papers are saying about the state of liquid water on Mars."

The authors suggest that a closer look at RSLs indicates their behavior is consistent with sand and dust flows with no water needed to create them. Nor can available data from Martian orbiters confirm liquid water plays any role in RSL development.

Other researchers think that brines, which are solutions with a high concentration of salts, such as Earth's oceans, may hold the key to finding liquid water on Mars. Brines can freeze at much lower temperatures, and there is an abundance of salts on Mars. Of those salts, perchlorates would seem to be the most promising, since they have extremely low eutectic temperatures (which is when the melting point of a mixture is lower than any single ingredient). For instance, a calcium perchlorate brine solidifies at -75 degrees Celsius, while Mars has an average surface temperature of -50 C at the equator, theoretically suggesting there could be a zone where calcium perchlorate brine could stay liquid, particularly in the subsurface.

The authors then examine all of the arguments for and against brines potentially forming stable liquids. Ultimately, they concluded that the various limiting factors, including the relatively low amounts of the most promising salts, water vapor pressure and ice location "strongly limit the abundances of brines on the surface or shallow subsurface." And even if brines did form, they would "remain highly un-habitable by terrestrial standards."

In the last section of the paper, the authors state: "Despite these drawbacks and limitations, there is always the possibility that Martian life adapted to those brines and some terrestrial organisms could survive in them, which is a consideration for planetary protection because life on Mars might exist today in that case. Hence, detecting brines in situ remains a major objective of the exploration of the red planet."

Moving forward, the authors suggest the next hurdles will be improving the instruments needed to detect small amounts of brines, doing a better job of identifying the best places to look for them, and being able to conduct more laboratory measurements under Martian conditions.

"Despite our best efforts to prove otherwise," Chevrier concludes, "Mars still remains a cold, dry and utterly unhabitable desert."
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Physics and emote design: Quantifying clarity in digital images | ScienceDaily
When analyzing artworks, understanding the visual clarity of compositions is crucial. Inspired by digital artists, Okinawa Institute of Science and Technology (OIST) researchers from the Mechanics and Materials Unit have created a metric to quantify clarity in digital images. As a result, scientists can accurately capture changes in structure during artistic processes and physical transformations.


						
This new metric can improve analysis and decision-making across the scientific and creative domains, potentially transforming how we understand and evaluate the structure of images. It has been tested on digital artworks and physical systems. The research is published in the journal PNAS.

Defining clarity in art with math

At the heart of the methodology lies a straightforward approach, inspired by the practice of digital artists zooming out to evaluate their work. The researchers developed a high-school-level mathematical method to quantify "clarity" in digital images by measuring how clear visual elements stay when blurred. This metric bridges the gap between physics and art, providing a flexible analytical tool for the scientific analysis and artistic creation of digital images.

The method involves blurring images by randomly swapping neighboring pixels and then comparing original images with their blurred versions. The researchers measure how much of the original structure remains intact, assigning higher scores to images with structural elements that remain recognizable even after blurring and zero to images with chaotically distributed pixels or solid colors.

"In our study, we defined 'clarity' as the resistance to blurring or structural degradation. Artistically, this definition aligns with a common artistic practice of zooming out of a canvas to assess how clear an artwork appears. Mathematically, clarity can be expressed in terms of the contrast of colors and their spatial distribution," Prof. Eliot Fried, head of the Mechanics and Material Unit, explained.

The metric preserves the color diversity of an image and is effective even after image compression. It is versatile, useful for analyzing different images, detecting structural changes in physical systems, and aligns with color theory, which studies how colors interact and affect our perceptions. Essentially, it shows how much of the pattern within an image survives random changes.




"Artists are always experimenting with their techniques and compositions. The idea came to me while drawing an emote. As an experimental physicist, I was inspired to create metrics that can measure artistic qualities like clarity, balance, and harmony. We hope these metrics will allow art researchers to experiment with different compositions and report their findings in an objective, quantitative way," Dr. San To Chan, researcher and first author, said.

In digital art, an "emote" typically describes small, expressive images or animations that convey emotions, especially within online communities and on streaming platforms.

Video games, Vtubers, and emotes 

Guided by their metric, the researchers designed an emote for the video game Holo X Break. This practical use proved that their research can be useful even in commercial art projects.

"I chose to portray the virtual YouTuber (VTuber) Sakura Miko because I am a '35P'; a member of her fanbase. Together with several other 35Ps, we have previously animated her for a billboard display in New York Times Square to celebrate her 5th anniversary. Following this experience, I felt that featuring her in this research would be an exciting way to connect my enthusiasm as a fan with my professional experience as a scientist," Dr. Chan added.

Outside of his research, Dr. Chan is a freelance artist who has contributed to indie game development projects such as Holocure. This study draws strength from significant professional expertise by incorporating artworks from peer artists, providing a strong foundation for the analysis.

Dr. Chan and Prof. Fried are exploring potential applications of their clarity metric beyond its initial scope. They believe their metric could revolutionize art analysis. Just as engines convert thermal energy to mechanical work, artists convert clarity in exchange for artistic qualities such as harmony, balance, and rhythm.

Such a thermodynamic perspective on art could help researchers understand the rationales behind certain creative decisions made by artists, providing knowledge that will be useful to human artists to perfect their crafts further.
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Does the exoplanet Trappist-1 b have an atmosphere after all? | ScienceDaily
Recent measurements with the James Webb Space Telescope (JWST) cast doubt on the current understanding of the exoplanet Trappist-1 b's nature. Until now, it was assumed to be a dark rocky planet without an atmosphere, shaped by a billion-year-long cosmic impact of radiation and meteorites. The opposite appears to be true. The surface shows no signs of weathering, which could indicate geological activity such as volcanism and plate tectonics. Alternatively, a planet with a hazy atmosphere composed of carbon dioxide is also viable. The results demonstrate the challenges of determining the properties of exoplanets with thin atmospheres.


						
Trappist-1 b is one of seven rocky planets orbiting the star Trappist-1, located 40 light-years away. The planetary system is unique because it allows astronomers to study seven Earth-like planets from relatively close range, with three of them in the so-called habitable zone. This is the area in a planetary system where a planet could have liquid water on the surface. To date, ten research programmes have targeted this system with the James Webb Space Telescope (JWST) for 290 hours.

The current study, in which researchers from the Max Planck Institute for Astronomy (MPIA) in Heidelberg are significantly involved, was led by Elsa Ducrot from the Commissariat aux Energies Atomiques (CEA) in Paris, France. This study uses measurements of the thermal infrared radiation -- essentially heat radiation -- of the planet Trappist-1 b with MIRI (Mid-Infrared Imager) at the JWST and has now been published in the journal Nature Astronomy. It includes the results from last year, on which the previous conclusions were based, which describe Trappist-1 b as a dark rocky planet without an atmosphere.

The crust of Trappist-1 b could be geologically active

'However, the idea of a rocky planet with a heavily weathered surface without an atmosphere is inconsistent with the current measurement,' says MPIA astronomer Jeroen Bouwman, who was jointly responsible for the observation programme. 'Therefore, we think the planet is covered with relatively unchanged material.' Usually, the surface is weathered by the radiation of the central star and impacts from meteorites. However, the results suggest that the rock on the surface is at most about 1000 years old, significantly less than the planet itself, which is estimated to date back several billion years.

This could indicate that the planet's crust is subject to dramatic changes, which could be explained by extreme volcanism or plate tectonics. Even if such a scenario is currently still hypothetical, it is nevertheless plausible. The planet is large enough that its interior may have retained residual heat from its formation -- as with Earth. The tidal effect of the central star and the other planets may also deform Trappist-1 b so that the resulting internal friction generates heat -- similar to what we see in Jupiter's moon Io. In addition, inductive heating by the magnetic field of the nearby star would be conceivable.

Could Trappist-1 b possibly have an atmosphere after all?

'The data also allow for an entirely different solution,' says Thomas Henning, emeritus director of the MPIA. He was one of the principal architects of the MIRI instrument. 'Contrary to previous ideas, there are conditions under which the planet could have a thick atmosphere rich in carbon dioxide (CO2),' he adds. A key role in this scenario is haze from hydrocarbon compounds, i.e. smog, in the upper atmosphere.




The two observational programmes, which complement each other in the current study, were designed to measure the brightness of Trappist-1 b at different wavelengths in the thermal infrared range (12.8 and 15 micrometres). The first observation was sensitive to the absorption of the planet's infrared radiation by a layer of CO2. However, no dimming was measured, leading the researchers to conclude that the planet has no atmosphere.

The research team performed model calculations that show that haze can reverse the temperature stratification of a CO2-rich atmosphere. Typically, the lower, ground-level layers are warmer than the upper ones because of the higher pressure. As the haze absorbs the starlight and warms up, it would instead heat the upper atmospheric layers, supported by a greenhouse effect. As a result, the carbon dioxide there emits infrared radiation itself.

We see something similar happening on Saturn's moon Titan. Its haze layer most likely forms there under the influence of the sun's ultraviolet (UV) radiation from the carbon-rich gases in the atmosphere. A similar process may occur on Trappist-1 b due to its star emitting substantial UV radiation.

It's complicated.

Even if the data fit this scenario, the astronomers still consider it less likely by comparison. On the one hand, it is more difficult, though not impossible, to produce hydrocarbon compounds that form a haze from an atmosphere rich in CO2. Titan's atmosphere, however, consists mainly of methane. On the other hand, the problem remains that the active red dwarf stars, which include Trappist-1, produce radiation and winds that can easily erode the atmospheres of nearby planets over billions of years.

Trappist-1 b is a vivid example of how difficult it currently is to detect and determine the atmospheres of rocky planets -- even for the JWST. They are thin compared to gas planets and produce only weak measurable signatures. The two observations to study Trappist-1 b, which provided brightness values at two wavelengths, lasted almost 48 hours, which was not enough to determine beyond doubt whether the planet has an atmosphere.




Eclipses and occultations as a tool

The observations took advantage of the slight inclination of the planet's plane to our line of sight to Trappist-1. This orientation causes the seven planets to pass before the star and dim it slightly during each orbit. Consequently, this results in learning about the planets' nature and atmospheres in several ways.

So-called transit spectroscopy has proven to be a reliable method. This involves measuring the dimming of a star by its planet, depending on the wavelength. In addition to the occultation by the opaque planetary body, from which astronomers determine the planet's size, the atmospheric gases absorb the starlight at specific wavelengths. From this, they can deduce whether a planet has an atmosphere and what it consists of. Unfortunately, this method has disadvantages, especially for planetary systems like Trappist-1. Cool, red dwarf stars often exhibit large starspots and strong eruptions, significantly affecting the measurement.

Astronomers largely circumvent this problem by instead observing the side of an exoplanet heated by the star in the thermal infrared light, as in the current study with Trappist-1 b. The bright dayside is particularly easy to see just before and after the planet vanishes behind the star. The infrared radiation the planet releases contains information about its surface and atmosphere. However, such observations are more time-consuming than transit spectroscopy.

Given the potential of these so-called secondary eclipse measurements, NASA has recently approved an extensive observation programme to study the atmospheres of rocky planets around nearby, low-mass stars. This extraordinary programme, ' Rocky Worlds', includes 500 hours of observation with the JWST.

Certainty about Trappist-1 b

The research team expects to be able to obtain definitive confirmation using another observation variant. It records the planet's complete orbit around the star, including all illumination phases from the dark night side when passing in front of the star to the bright dayside shortly before and after being covered by the star. This approach will allow the team to create a so-called phase curve indicating the planet's brightness variation along its orbit. As a result, the astronomers can deduce the planet's surface temperature distribution.

The team has already carried out this measurement with Trappist-1 b. By analysing how the heat is distributed on the planet, they can deduce the presence of an atmosphere. This is because an atmosphere helps to transport heat from the day side to the night side. If the temperature changes abruptly at the transition between the two sides, this indicates the absence of an atmosphere.
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Anthropologists call for tracking and preservation of human artifacts on Mars | ScienceDaily
Are human spacecraft, landers, rovers and other space-exploration debris little more than trash littering the surface of Mars, or the modern equivalent of Clovis points -- treasured artifacts marking Homo sapiens' lust for new frontiers?


						
New scholarship by University of Kansas anthropologist Justin Holcomb argues physical artifacts of human Martian exploration deserve cataloging, preservation and care in order to chronicle humanity's first attempts at interplanetary exploration.

The paper, "Emerging Archaeological Record of Mars," appears today in the peer reviewed journal Nature Astronomy.

"Our main argument is that Homo sapiens are currently undergoing a dispersal, which first started out of Africa, reached other continents and has now begun in off-world environments," Holcomb, its lead author, said. "We've started peopling the solar system. And just like we use artifacts and features to track our movement, evolution and history on Earth, we can do that in outer space by following probes, satellites, landers and various materials left behind. There's a material footprint to this dispersal."

Much as archaeologists use "middens" (or, ancient garbage dumps) to reveal secrets of past societies here on Earth, Holcomb argues that much of the material deemed "space trash" actually has great archaeological and environmental value.

"These are the first material records of our presence, and that's important to us," he said. "I've seen a lot of scientists referring to this material as space trash, galactic litter. Our argument is that it's not trash; it's actually really important. It's critical to shift that narrative towards heritage because the solution to trash is removal, but the solution to heritage is preservation. There's a big difference."

The KU researcher argues future missions to Mars and other planets must consider potential archaeological damage at landing locations and other sites where human exploration is planned.




NASA Mars Curiosity's view of Martian soil and boulders after crossing the "Dingo Gap" sand dune. Photo courtesy NASA.

"Missions to other planets must consider this in their planning," Holcomb said. "They won't land in areas that could disturb these sites. They'll think about them differently than just trash lying around. That's probably the main thing. From an academic perspective -- which is what these papers aim to address -- what are the implications? We need to track our species' movements through space and time, and we do that through stratigraphy."

Holcomb's co-authors were Beth L. O'Leary of New Mexico State University; Alberto Fairen of Centro de Astrobiologia in Madrid, Spain, and Cornell University; KU's Rolfe Mandel; and Karl Wegmann of North Carolina State University.

Holcomb's argument for safekeeping traces of human exploration on other planets builds on earlier work, where he argued for declaration of a "lunar anthropocene" -- or age of human dominion over the moon's landscape.

"On the moon, we argued we could create an anthropocene -- a human age," he said. "On Mars, we don't think there's an anthropocene, but there is an archaeological record that needs to be a stratigraphic horizon, allowing us to place this material into a framework. And of course, we could do this across the solar system."

The KU researcher traces the origin of human alteration of the Martian landscape to the crash landing of the Soviet Union's Mars 2 rover in 1971.




Postage stamp from Soviet Union commemorating its 1971 Mars 2 mission, the first time humans launched an object to reach the Martian surface.

"The Mars 2 crash represents one of the first times our species touched another planet -- not a celestial body, because that was the moon," Holcomb said. "But the Mars 2 crash is the first time our species left a preserved imprint on the surface of another planet."

While anthropologists have some grasp of how climate and geology contribute to the degradation of artifacts on Earth, the otherworldly environments of planets like Mars are sure to affect how quickly and severely artifacts experience damage by cosmic energies, winds, water and soil. These Martian processes are little understood presently.

"That field is called geoarchaeology -- specifically, the field that studies geological effects on archaeological materials," Holcomb said. "Planetary geoarchaeology is a future field for sure, and we need to consider the materials not only on Mars in general but also in various places on Mars, which have different processes. For example, Mars has a cryosphere in the northern and southern latitudes, so ice action there will increase the alteration of materials much more rapidly. With Mars' iron-rich sands -- what happens when materials get buried? The most obvious issue is burial by large dune sands. Mars has global dust storms, which are unique. A single storm can literally travel across the entire globe. On top of that, there are local dust storms. The Spirit Rover, for example, is right next to an encroaching dune field that will eventually bury it. Once it's buried, it becomes very difficult to relocate."

Holcomb advocates establishing methodology for tracking and cataloguing human material on Mars and subsequent planets humans might visit, perhaps via an already existing database like the U.N. Register of Objects Launched into Outer Space.

"If this material is heritage, we can create databases that track where it's preserved, all the way down to a broken wheel on a rover or a helicopter blade, which represents the first helicopter on another planet," Holcomb said. "These artifacts are very much like hand axes in East Africa or Clovis points in America. They represent the first presence, and from an archaeological perspective, they are key points in our historical timeline of migration."
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It's complicated: Researchers discover unexpected complexity of sexual differentiation in African clawed frog | ScienceDaily
McMaster researchers have uncovered unexpected diversity in the genetic processes that determine the sex of the African clawed frog, a significant discovery in what was already one of the most widely studied amphibians in the world.


						
A genomic analysis has uncovered a total of eight different sex chromosomes in just 11 species of the frog, many or all of which may contain unique and newly evolved genes that trigger male or female sexual differentiation.

Previously, researchers knew of only three different sex chromosomes in these frogs.

"In these frogs, we've discovered extraordinary variation even among closely related species, which allows us to explore how important things like sex determination evolve rapidly," says Ben Evans, a professor in the department of Biology, and lead author of a new study in the journal Molecular Biology and Evolution. Evans conducted the work with colleagues from the Czech Republic, France, the U.S., and South Africa.

The African clawed frog is used as a model organism for biological research because of its close evolutionary relationship to humans, and because early development occurs externally, allowing fundamental processes to be readily observed and manipulated.

The frogs are found in sub-Saharan Africa and live in slow-moving or stagnant water. They are known for their flat bodies, vocal organs that can produce sound underwater, and claws on the first three toes of the hind feet, which they use to tear food apart.

In this study, the researchers pinpointed the locations of the newly identified sex chromosomes, which added to their surprise.




Prevailing theory had suggested that sex-determining genes might typically arise in regions of the genome with a low rate of recombination -- the exchange of genetic material within each parent that creates new mixtures of traits in their offspring.

But in this study, they found these newly evolved genes were almost universally located in regions where genetic recombination is high, raising questions about how and why the genetic basis of very important biological traits -- such as sexual differentiation -- may evolve so quickly, and how new genes and genetic function arise.

"If you conducted these same tests within some even older groups such as most mammals or all birds, you would find that their sex chromosomes are all the same," explains Evans. "But this group of frogs -- in sharp contrast -- has incredible variation."

"It is very likely that new genes arose many times in these frogs to orchestrate sexual differentiation, by acting as an 'on-off switch' or a 'male-female switch' at the top of the developmental cascade," he says.

In 2015, Evans -- who has studied the African clawed frog for over two decades -- led a team that discovered six new species and added another back to the list of known species, providing the foundational information for subsequent work, including the new study.
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Butchered bones suggest violent 'othering' of enemies in Bronze Age Britain | ScienceDaily
Archaeologists have analysed over 3000 human bones and bone fragments from the Early Bronze Age site of Charterhouse Warren, England, concluding that the people were massacred, butchered, and likely partly consumed by enemies as a means to dehumanise them.


						
There have been hundreds of human skeletons found in Britain dating between c.2500-1500 cal. BC, however direct evidence for violent conflict is rare.

"We actually find more evidence for injuries to skeletons dating to the Neolithic period in Britain than the Early Bronze Age, so Charterhouse Warren stands out as something very unusual," states lead author of the research, Professor Rick Schulting from the University of Oxford. "It paints a considerably darker picture of the period than many would have expected."

In the 1970s, the scattered bones of at least 37 individuals were discovered in a 15m-deep shaft at Charterhouse Warren, Somerset. They were a mix of men, women, and children, suggesting the assemblage was representative of a community.

Unlike most contemporary burials, the skulls display evidence of violent death from blunt force trauma. To uncover the mystery of what happened to these people, researchers from several European institutions analysed the bones. Their results are published in the journal Antiquity.

The researchers found numerous cutmarks and perimortem fractures (made around the time of death) on the bones, suggesting that they were intentionally butchered and may have been partly consumed. But why would people in Early Bronze Age Britain cannibalise the dead?

At the nearby Palaeolithic site of Gough's Cave in Cheddar Gorge, cannibalism was likely a form of funerary ritual. Charterhouse Warren is different, however. Evidence for violent death, with no indication of a fight, implies the victims were taken by surprise. It is probable they were all massacred, and the butchery was carried out by their enemies.




Were they killed for food? This is unlikely. There were abundant cattle bones found mixed in with the human ones, suggesting the people at Charterhouse Warren had plenty to eat without needing to resort to cannibalism.

Instead, cannibalism may have been a way to 'other' the deceased. By eating their flesh and mixing the bones in with faunal remains, the killers were likening their enemies to animals, thereby dehumanising them.

What events led to this dramatic act of violence? Resource competition and climate change don't seem to have exacerbated conflict in Britain at this time, and there is currently no genetic evidence to suggest the co-existence of communities with different ancestries that could have resulted in ethnic conflict.

This suggests that the conflict was caused by social factors. Perhaps theft or insults led to tensions, which escalated out of proportion. Evidence for infection with plague in the teeth of two children indicates disease may have also exacerbated tensions.

"The finding of evidence of the plague in previous research by colleagues from The Francis Crick Institute was completely unexpected," says Professor Schulting. "We're still unsure whether, and if so how, this is related to the violence at the site."

Ultimately, the findings paint a picture of a prehistoric people for whom perceived slights and cycles of revenge could result in disproportionally violent actions. This situation is, unfortunately, familiar from more recent times.

"Charterhouse Warren is one of those rare archaeological sites that challenges the way we think about the past," Professor Schulting concludes. "It is a stark reminder that people in prehistory could match more recent atrocities and shines a light on a dark side of human behaviour. That it is unlikely to have been a one-off event makes it even more important that its story is told."
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Astrophysicists capture astonishing images of gamma-ray flare from supermassive black hole M87 | ScienceDaily
The first-ever photo of a black hole rocked the world in 2019, when the Event Horizon Telescope, or EHT, published an image of the supermassive black hole at the center of the galaxy M87, also known as Virgo A or NGC 4486, located in the constellation of Virgo. This black hole is surprising scientists again with a teraelectronvolt gamma-ray flare -- emitting photons billions of times more energetic than visible light. Such an intense flare has not been observed in over a decade, offering crucial insights into how particles, such as electrons and positrons, are accelerated in the extreme environments near black holes.


						
The jet coming out of the center of M87 is seven orders of magnitude -- tens of millions of times -- larger than the event horizon, or surface of the black hole itself. The bright burst of high-energy emission was well above the energies typically detected by radio telescopes from the black hole region. The flare lasted about three days and probably emerged from a region less than three light-days in size, or a little under 15 billion miles.

A gamma ray is a packet of electromagnetic energy, also known as a photon. Gamma rays have the most energy of any wavelength in the electromagnetic spectrum and are produced by the hottest and most energetic environments in the universe, such as regions around black holes. The photons in M87's gamma ray flare have energy levels up to a few teraelectronvolts. Teraelectronvolts are used to measure the energy in subatomic particles and are equivalent to the energy of a mosquito in motion. This is a huge amount of energy for particles that are many trillion times smaller than a mosquito. Photons with several teraelectronvolts of energy are vastly more energetic than the photons that make up visible light.

As matter falls toward a black hole, it forms an accretion disk where particles are accelerated due to the loss of gravitational potential energy. Some are even redirected away from the black hole's poles as a powerful outflow, called "jets," driven by intense magnetic fields. This process is irregular, which often causes a rapid energy outburst called a "flare." However, gamma rays cannot penetrate Earth's atmosphere. Nearly 70 years ago, physicists discovered that gamma rays can be detected from the ground by observing the secondary radiation generated when they strike the atmosphere.

"We still don't fully understand how particles are accelerated near the black hole or within the jet," said Weidong Jin, a postdoctoral researcher at UCLA and a corresponding author of a paper describing the findings published by an international team of authors in Astronomy & Astrophysics. "These particles are so energetic, they're traveling near the speed of light, and we want to understand where and how they gain such energy. Our study presents the most comprehensive spectral data ever collected for this galaxy, along with modeling to shed light on these processes."

Jin contributed to analysis of the highest energy part of the dataset, called the very-high-energy gamma rays, which was collected by VERITAS -- a ground-based gamma-ray instrument operating at the Fred Lawrence Whipple Observatory in southern Arizona. UCLA played a major role in the construction of VERITAS -- short for Very Energetic Radiation Imaging Telescope Array System -- participating in the development of the electronics to read out the telescope sensors and in the development of computer software to analyze the telescope data and to simulate the telescope performance. This analysis helped detect the flare, as indicated by large luminosity changes that are a significant departure from the baseline variability.

More than two dozen high-profile ground- and space-based observational facilities, including NASA's Fermi-LAT, Hubble Space Telescope, NuSTAR, Chandra and Swift telescopes, together with the world's three largest imaging atmospheric Cherenkov telescope arrays (VERITAS, H.E.S.S. and MAGIC) joined this second EHT and multi-wavelength campaign in 2018. These observatories are sensitive to X-ray photons as well as high-energy and very-high-energy gamma-rays, respectively.




One of the key datasets used in this study is called spectral energy distribution.

"The spectrum describes how energy from astronomical sources, like M87, is distributed across different wavelengths of light," Jin said. "It's like breaking the light into a rainbow and measuring how much energy is present in each color. This analysis helps us uncover the different processes that drive the acceleration of high-energy particles in the jet of the supermassive black hole."

Further analysis by the paper's authors found a significant variation in the position and angle of the ring, also called the event horizon, and the jet position. This suggests a physical relationship between the particles and the event horizon, at different size scales, influences the jet's position.

"One of the most striking features of M87's black hole is a bipolar jet extending thousands of light years from the core," Jin said. "This study provided a unique opportunity to investigate the origin of the very-high-energy gamma-ray emission during the flare, and to identify the location where the particles causing the flare are being accelerated. Our findings could help resolve a long-standing debate about the origins of cosmic rays detected on Earth."
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Heart of Jovian moon's volcanic rage | ScienceDaily
Scientists with NASA's Juno mission to Jupiter have discovered that the volcanoes on Jupiter's moon Io are each likely powered by their own chamber of roiling hot magma rather than an ocean of magma. The finding solves a 44-year-old mystery about the subsurface origins of the moon's most demonstrative geologic features.


						
A paper on the source of Io's volcanism was published on Thursday, Dec. 12, in the journal Nature, and the findings, as well as other Io science results, were discussed during a media briefing in Washington at the American Geophysical Union's annual meeting, the country's largest gathering of Earth and space scientists.

About the size of Earth's Moon, Io is known as the most volcanically active body in our solar system. The moon is home to an estimated 400 volcanoes, which blast lava and plumes in seemingly continuous eruptions that contribute to the coating on its surface.

Although the moon was discovered by Galileo Galilei on Jan. 8, 1610, volcanic activity there wasn't discovered until 1979, when imaging scientist Linda Morabito of NASA's Jet Propulsion Laboratory in Southern California first identified a volcanic plume in an image from the agency's Voyager 1 spacecraft.

"Since Morabito's discovery, planetary scientists have wondered how the volcanoes were fed from the lava underneath the surface," said Scott Bolton, Juno principal investigator from the Southwest Research Institute in San Antonio. "Was there a shallow ocean of white-hot magma fueling the volcanoes, or was their source more localized? We knew data from Juno's two very close flybys could give us some insights on how this tortured moon actually worked."

The Juno spacecraft made extremely close flybys of Io in December 2023 and February 2024, getting within about 930 miles (1,500 kilometers) of its pizza-faced surface. During the close approaches, Juno communicated with NASA's Deep Space Network, acquiring high-precision, dual-frequency Doppler data, which was used to measure Io's gravity by tracking how it affected the spacecraft's acceleration. What the mission learned about the moon's gravity from those flybys led to the new paper by revealing more details about the effects of a phenomenon called tidal flexing.

Prince of Jovian Tides

Io is extremely close to mammoth Jupiter, and its elliptical orbit whips it around the gas giant once every 42.5 hours. As the distance varies, so does Jupiter's gravitational pull, which leads to the moon being relentlessly squeezed. The result: an extreme case of tidal flexing -- friction from tidal forces that generates internal heat.




"This constant flexing creates immense energy, which literally melts portions of Io's interior," said Bolton. "If Io has a global magma ocean, we knew the signature of its tidal deformation would be much larger than a more rigid, mostly solid interior. Thus, depending on the results from Juno's probing of Io's gravity field, we would be able to tell if a global magma ocean was hiding beneath its surface."

The Juno team compared Doppler data from their two flybys with observations from the agency's previous missions to the Jovian system and from ground telescopes. They found tidal deformation consistent with Io not having a shallow global magma ocean.

"Juno's discovery that tidal forces do not always create global magma oceans does more than prompt us to rethink what we know about Io's interior," said lead author Ryan Park, a Juno co-investigator and supervisor of the Solar System Dynamics Group at JPL. "It has implications for our understanding of other moons, such as Enceladus and Europa, and even exoplanets and super-Earths. Our new findings provide an opportunity to rethink what we know about planetary formation and evolution."

There's more science on the horizon. The spacecraft made its 66th science flyby over Jupiter's mysterious cloud tops on Nov. 24. Its next close approach to the gas giant will occur 12:22 a.m. EST, Dec. 27. At the time of perijove, when Juno's orbit is closest to the planet's center, the spacecraft will be about 2,175 miles (3,500 kilometers) above Jupiter's cloud tops and will have logged 645.7 million miles (1.039 billion kilometers) since entering the gas giant's orbit in 2016.
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How the dirt under our feet could affect human health | ScienceDaily
Soil plays a much bigger role in the spread of antibiotic resistance than one might imagine.


						
Surprisingly, the ground beneath us is packed with antibiotic resistance genes (ARGs) -- tiny codes that allow bacteria to resist antibiotics. Human activities, such as pollution and changing land use, can disturb soil ecosystems and make it easier for resistance genes to transfer from soil bacteria and infect humans.

Jingqiu Liao, assistant professor in civil and environmental engineering, is on a mission to understand how soil bacteria contribute to the growing global issue of antibiotic resistance through a study recently published in Nature Communications. Her team's findings show that once bacteria acquire these resistant genes, they can be rapidly transmitted to other species as well, making this such a pressing public health threat.

Understanding these patterns can help scientists find ways to control the spread of antibiotic resistance, protecting human health and preserving the effectiveness of antibiotics for future generations.

Why antibiotic resistance in soil matters

Soil isn't just dirt -- it's a bustling ecosystem filled with bacteria. Some of these bacteria naturally carry ARGs, which help them fight off antibiotics. While this might not seem like a big deal at first, it becomes dangerous when these ARGs end up in harmful bacteria that infect humans.

One such bacterium is Listeria monocytogenes. This soil dweller can make its way into the food chain and cause a serious illness called listeriosis. For people with weakened immune systems, listeriosis can be deadly, with fatality rates as high as 20 to 30 percent. Because of its ability to spread ARGs and infect humans, listeria is an important model for studying how antibiotic resistance develops in soil and spreads to other environments.




"Soil is an important reservoir of resistant bacteria and ARGs," Liao said. "Environmental factors can amplify ARGs by creating conditions that promote the survival, spread, and exchange of these genes among bacteria. The ecological and evolutionary mechanisms underlying the dynamics of ARGs in soils remain inadequately explored. In this project, we use listeriaas a key model to understand the emergence and development of ARGs in soils."

Using listeria to study resistance

Liao's team includes several students along with:
    	Ying-Xian Goh, doctoral student and lead author
    	Amy Pruden, University Distinguished Professor, civil and environmental engineering
    	Leigh-Anne Krometis, professor, biological systems engineering
    	Hailong Zhang, assistant professor, business information technology
    	Monica Ponder, professor, food science and technology

The researchers will continue to work together to perform comprehensive population genetics and ecological analyses on this nationwide set of data. The project, which builds on the group's former research, is funded by aCenter for Emerging, Zoonotic, and Arthropod-borne Pathogens Interdisciplinary Team-building Pilot Grant at Virginia Tech.

"Virginia Tech has played a pivotal role in supporting and enabling this research," said Goh. "The university's commitment to interdisciplinary research creates an environment that inspires innovation and promotes impactful research like this."

For the findings published in Nature Communications team members analyzed close to 600 listeria genomes from soil samples that Liao collected in a previous study, published in Nature Microbiology. They identified five main ARGs from across the United States.




The study also revealed how ARGs spread between bacteria. A process called transformation allows bacteria to pick up loose pieces of DNA containing ARGs from their surroundings. Once a bacterium acquires these genes, it can pass them along to others -- even to different species. This rapid sharing of resistance genes is a major reason why antibiotic resistance is such a challenging problem.

The team focuses on listeria because it isn't just another soil bacterium -- it's a key player in understanding antibiotic resistance. Studying how ARGs spread in soil bacteria like listeria gives scientists valuable insights into how resistance develops and moves through ecosystems.

"Although resistance in clinical listeria cases is currently low, these bacteria naturally resist several antibiotics and are showing increased resistance to others," Liao said. "This makes listeriaa good model for tracking ARG development before it becomes a widespread clinical issue."

How soil properties and land use shape ARG spread

The study also highlighted how the soil's properties and land use can affect ARG spread. For example:
    	Aluminum-rich soil encourages more ARG diversity, possibly because it stresses bacteria, making them more likely to keep resistance genes.
    	Magnesium-rich soil lowers ARG diversity, potentially by reducing competition among bacteria.
    	Forested areas tend to have more ARGs likely because wildlife naturally introduce these genes to the environment.
    	On the other hand, agricultural fields can change the soil's makeup and microbial communities, influencing ARG diversity in bacteria like listeria.

For households, it is important for people to avoid activities that may disturb soil conditions, such as improperly disposing of waste that may cause metal contamination. Liao said it is also important to maintain good sanitation practices after contact with soils, such as after gardening, given the possible presence of ARGs and resistant bacteria.

By revealing how ARGs spread and how environmental factors influence this process, Liao's study highlights the importance of protecting natural ecosystems. Preserving soil health isn't just good for the environment -- it's vital for our future medical care.

Building off of this research, Liao hopes to find new strategies to control antibiotic resistance, ensuring antibiotics remain effective in treating infections for years to come.

"Establishing a fundamental understanding of the ecological drivers of these bacteria in the soil could help us better understand the emergence, evolution, and spread of antibiotic resistance," said Liao. "This is an urgent, global public health threat."
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Breakthrough brings body-heat powered wearable devices closer to reality | ScienceDaily
A QUT-led research team has developed an ultra-thin, flexible film that could power next-generation wearable devices using body heat, eliminating the need for batteries. This technology could also be used to cool electronic chips, helping smartphones and computers run more efficiently.


						
Professor Zhi-Gang Chen, whose team's new research was published in the journal Science, said the breakthrough tackled a major challenge in creating flexible thermoelectric devices that converted body heat into power. This approach offers the potential of a sustainable energy source for wearable electronics, as well as an efficient cooling method for chips.

Alongside Professor Chen, QUT researchers contributing to the study include first author Mr Wenyi Chen, Dr Xiao-Lei Shi, Dr Meng Li, Mr Yuanqing Mao, and Miss Qingyi Liu, all from the ARC Research Hub in Zero-emission Power Generation for Carbon Neutrality, the QUT School of Chemistry and Physics, and the QUT Centre for Materials Science.

Other members of the research team are Mr Ting Liu, Professor Matthew Dargusch and Professor Jin Zou from the University of Queensland and Professor Gao Qing (Max) Lu from the University of Surrey. "Flexible thermoelectric devices can be worn comfortably on the skin where they effectively turn the temperature difference between the human body and surrounding air into electricity," Professor Chen said.

"They could also be applied in a tight space, such as inside a computer or mobile phone, to help cool chips and improve performance.

"Other potential applications range from personal thermal management -- where body heat could power a wearable heating, ventilating and air conditioning system.

"However, challenges like limited flexibility, complex manufacturing, high costs and insufficient performance have hindered these devices from reaching commercial scale."

Most research in this area has focused on bismuth telluride-based thermoelectrics, valued for its high properties that convert heat into electricity which makes it ideal for low-power applications like heart rate, temperature or movement monitors.




In this study, the team introduced a cost-effective technology for making flexible thermoelectric films by using tiny crystals, or "nanobinders," that form a consistent layer of bismuth telluride sheets, boosting both efficiency and flexibility.

"We created a printable A4-sized film with record-high thermoelectric performance, exceptional flexibility, scalability and low cost, making it one of the best flexible thermoelectrics available," Professor Chen said. The team used "solvothermal synthesis," a technique that forms nanocrystals in a solvent under high temperature and pressure, combined with "screen-printing" and "sintering." The screen-printing method allows for the large-scale film production, while sintering heats the films to near-melting point, bonding the particles together.

Mr Wenyi Chen said their technique could also work with other systems, such as silver selenide-based thermoelectrics, which were potentially cheaper and more sustainable than traditional materials. "This flexibility in materials shows the wide-ranging possibilities our approach offers for advancing flexible thermoelectric technology," he said.
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Superflares once per century | ScienceDaily
Stars similar to the Sun produce a gigantic outburst of radiation on average about once every hundred years per star. Such superflares release more energy than a trillion hydrogen bombs and make all previously recorded solar flares pale in comparison. This estimate is based on an inventory of 56450 sun-like stars, which an international team of researchers led by the Max Planck Institute for Solar System Research (MPS) in Germany presents on Friday, December 13th, 2024, in the journal Science. It shows that previous studies have significantly underestimated the eruptive potential of these stars. In data from NASA's space telescope Kepler, superflaring, sun-like stars can be found ten to a hundred times more frequently than previously assumed. The Sun, too, is likely capable of similarly violent eruptions.


						
There is no question that the Sun is a temperamental star, as alone this year's unusually strong solar storms prove. Some of them led to remarkable auroras even at low latitudes. But can our star become even more furious? Evidence of the most violent solar "tantrums" can be found in prehistoric tree trunks and in samples of millennia-old glacial ice. However, from these indirect sources, the frequency of superflares cannot be determined. And direct measurements of the amount of radiation reaching the Earth from the Sun have only been available since the beginning of the space age.

Another way to learn about our Sun's long-term behavior is to turn to the stars, as is the approach of the new study. Modern space telescopes observe thousands and thousands of stars and record their brightness fluctuations in visible light. Superflares, which release amounts of energy of more than one octillion joules within a short period of time, show themselves in the observational data as short, pronounced peaks in brightness. "We cannot observe the Sun over thousands of years," Prof. Dr. Sami Solanki, Director at the MPS and coauthor, explained the basic idea behind the investigation. "Instead, however, we can monitor the behavior of thousands of stars very similar to the Sun over short periods of time. This helps us to estimate how frequently superflares occur," he adds.

Looking for close relatives of the Sun

In the current study, the team including researchers from the University of Graz (Austria), the University of Oulu (Finland), the National Astronomical Observatory of Japan, the University of Colorado Boulder (USA) and the Commissariat of Atomic and Alternative Energies of Paris-Saclay and the University of Paris-Cite, analyzed the data from 56450 sun-like stars as seen by NASA's space telescope Kepler between 2009 and 2013. "In their entirety, the Kepler data provide us with evidence of 220000 years of stellar activity," said Prof. Dr. Alexander Shapiro from the University of Graz.

Crucial for the study was the careful selection of the stars to be taken into account. After all, the chosen stars should be particularly close "relatives" of the Sun. The scientists therefore only admitted stars whose surface temperature and brightness were similar to the Sun's. The researchers also ruled out numerous sources of error, such as cosmic radiation, passing asteroids or comets, as well as non-sun-like stars that in Kepler images may by chance flare up in the vicinity of a sun-like star. To do this, the team carefully analyzed the images of each potential superflare -- only a few pixels in size -- and only counted those events that could reliably be assigned to one of the selected stars.

In this way, the researchers identified 2889 superflares on 2527 of the 56450 observed stars. This means that on average, one sun-like star produces a superflare approximately once per century.




"High performance dynamo computations of these solar-type stars easily explain the magnetic origins of the intense release of energy during such superflares," said coauthor Dr. Allan Sacha Brun of the Commissariat of Atomic and Alternative Energies of Paris-Saclay and the University of Paris-Cite.

Surprisingly frequent

"We were very surprised that sun-like stars are prone to such frequent superflares," said first author Dr. Valeriy Vasilyev from the MPS. Earlier surveys by other research groups had found average intervals of a thousand or even ten thousand years. However, earlier studies were unable to determine the exact source of the observed flare and therefore had to limit themselves to stars that did not have any too close neighbors in the telescope images. The current study is the most precise and sensitive to date.

Longer average time intervals between extreme solar events have also been suggested by studies looking for evidence of violent solar storms impacting Earth. When a particularly high flux of energetic particles from the Sun reaches the Earth's atmosphere, they produce a detectable amount of radioactive atoms such as the radioactive carbon isotope 14C. These atoms are then deposited in natural archives such as tree rings and glacial ice. Even thousands of years later, the sudden influx of high-energy solar particles can thus be deduced by measuring the amount of 14C using modern technologies.

In this way, researchers were able to identify five extreme solar particle events and three candidates within the past twelve thousand years of the Holocene, leading to an average occurrence rate of once per 1500 years. The most violent is believed to have occurred in the year 775 AD. However, it is quite possible that more such violent particle events and also more superflares occurred on the Sun in the past. "It is unclear whether gigantic flares are always accompanied by coronal mass ejections and what is the relationship between superflares and extreme solar particle events. This requires further investigation," co-author Prof. Dr. Ilya Usoskin from the University of Oulu in Finland pointed out. Looking at the terrestrial evidence of past extreme solar events could therefore underestimate the frequency of superflares.

Forecasting dangerous space weather

The new study does not reveal when the Sun will throw its next fit. However, the results urge caution. "The new data are a stark reminder that even the most extreme solar events are part of the Sun's natural repertoire," said coauthor Dr. Natalie Krivova from the MPS. During the Carrington event of 1859, one of the most violent solar storms of the past 200 years, the telegraph network collapsed in large parts of northern Europe and North America. According to estimates, the associated flare released only a hundredth of the energy of a superflare. Today, in addition to the infrastructure on the Earth's surface, especially satellites would be at risk.

The most important preparation for strong solar storms is therefore reliable and timely forecasting. As a precaution, satellites, for example, could be switched off. From 2031, ESA's space probe Vigil will help in the endeavor of forecasting. From its observation position in space, it will look at the Sun from the side and notice sooner than Earth-bound probes when processes that might drive dangerous space weather are brewing up on our star. The MPS is currently developing the Polarimetric and Magnetic Imager for this mission.
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A new timeline for Neanderthal interbreeding with modern humans | ScienceDaily

That interbreeding left Eurasians with many genes inherited from our Neanderthal ancestors, which in total make up between 1% and 2% of our genomes today.

The genome-based estimate is consistent with archeological evidence that modern humans and Neanderthals lived side-by-side in Eurasia for between 6,000 and 7,000 years. The analysis, which involved present-day human genomes as well as 58 ancient genomes sequenced from DNA found in modern human bones from around Eurasia, found an average date for Neanderthal-Homo sapiens interbreeding of about 47,000 years ago. Previous estimates for the time of interbreeding ranged from 54,000 to 41,000 years ago.

The new dates also imply that the initial migration of modern humans from Africa into Eurasia was basically over by 43,500 years ago.

"The timing is really important because it has direct implications on our understanding of the timing of the out-of-Africa migration as most non-Africans today inherit 1-2% ancestry from Neanderthals," said Priya Moorjani, an assistant professor of molecular and cell biology at the University of California, Berkeley, and one of two senior authors of the study. "It also has implications for understanding the settlement of the regions outside Africa, which is typically done by looking at archeological materials or fossils in different regions of the world."

The genome analysis, also led by Benjamin Peter of the University of Rochester in New York and the Max Planck Institute for Evolutionary Anthropology (MPI-EVA) in Leipzig, Germany, will be published in the Dec. 13 print issue of the journal Science. The two lead authors are Leonardo Iasi, a graduate student at MPI-EVA, and Manjusha Chintalapati, a former UC Berkeley postdoctoral fellow now at the company Ancestry DNA.

The longer duration of gene flow may help explain, for example, why East Asians have about 20% more Neanderthal genes than Europeans and West Asians. If modern humans moved eastward about 47,000 years ago, as archeological sites suggest, they would already have had intermixed Neanderthal genes.




"We show that the period of mixing was quite complex and may have taken a long time. Different groups could have separated during the 6,000- to 7,000-year period and some groups may have continued mixing for a longer period of time," Peter said. "But a single shared period of gene flow fits the data best."

"One of the main findings is the precise estimate of the timing of Neanderthal admixture, which was previously estimated using single ancient samples or in present-day individuals. Nobody had tried to model all of the ancient samples together," Chintalapati said. " This allowed us to build a more complete picture of the past"

Neanderthal deserts in the genome

In 2016, Moorjani pioneered a method for inferring the timing of Neanderthal gene flow using often incomplete genomes of ancient individuals. At that time, only five archaic Homo sapiens genomes were available. For the new study, Iasi, Chintalapati and their colleagues employed this technique with 58 previously sequenced genomes of ancient Homo sapiens who lived in Europe, Western and Central Asia over the past 45,000 years and the genomes of 275 worldwide contemporary humans to provide a more precise date -- 47,000 years ago. Rather than assuming the gene flow occurred in a single generation, they tried more complex models developed by Iasi and Peter to establish that the interbreeding extended over about 7,000 years, rather than being intermittent.

The timing of the interbreeding between Neanderthals and modern humans was corroborated by another, independent study conducted by MPI-EVA researchers and scheduled to be published Dec. 12 in the journal Nature. That study, an analysis of two newly sequenced genomes of Homo sapiens that lived about 45,000 years ago, also found a date of 47,000 years ago.

"Although the ancient genomes were published in previous studies, they had not been analyzed to look at Neanderthal ancestry in this detailed way. We created a catalog of Neanderthal ancestry segments in modern humans. By jointly analyzing all these samples together, we inferred the period of gene flow was around 7,000 years," Chintalapati said. "The Max Planck group actually sequenced new ancient DNA samples that allowed them to date the Neanderthal gene flow directly. And they came up with a similar timing as us."

The UC Berkeley/MPI-EVA team also analyzed regions of the modern human genome that contain genes inherited from Neanderthals and some areas that are totally devoid of Neanderthal genes. They found that areas lacking any Neanderthal genes, so-called archaic or Neanderthal deserts, developed quickly after the two groups interbred, suggesting that some Neanderthal gene variants in those areas of the genome must have been lethal to modern humans.




Early modern human samples that are older than 40,000 years -- samples from Oase cave in Romania, Ust'-Ishim in Russia, Zlaty k?? in the Czech Republic, Tianyuan in China and Bacho Kiro in Bulgaria -- already contained these deserts in their genomes.

"We find that very early modern humans from 40,000 years ago don't have any ancestry in the deserts, so these deserts may have formed very rapidly after the gene flow," said Iasi. "We also looked at the changes in Neanderthal ancestry frequency over time and across the genome and found regions that are present at high frequency, possibly because they carry beneficial variants that were introgressed from Neanderthals."

Most of the high-frequency Neanderthal genes are related to immune function, skin pigmentation and metabolism, as reported in some previous studies. One immune gene variant inherited from Neanderthals confers protective effects to coronavirus that causes COVID-19, for example. Some of the Neanderthal genes involved in the immune system and skin pigmentation actually increased in frequency in Homo sapiens over time, implying that they may have been advantageous to human survival.

"Neanderthals were living outside Africa in harsh, Ice Age climates and were adapted to the climate and to the pathogens in these environments. When modern humans left Africa and interbred with Neanderthals, some individuals inherited Neanderthal genes that presumably allowed them to adapt and thrive better in the environment," Iasi said.

"The fact that we find some of these regions already in 30,000-year-old samples shows that some of these regions were actually adapted immediately after the introgression," Chintalapati added.

Other genes, such as the gene conferring resistance to coronaviruses, may not have been immediately useful but became useful later on.

"The environment changes and then some genes become beneficial," Peter said.

Moorjani is currently looking at Neanderthal sequences in people of East Asian descent, who not only have a greater percentage of Neanderthal genes, but also somegenes -- up to 0.1% of their genome -- from another early hominin group, the Denisovans.

"It's really cool that we can actually peer into the past and see how variants inherited from our evolutionary cousins, Neanderthals and Denisovans, changed over time," Moorjani said. "This allows us to understand the dynamics of the mixture of Neanderthals and modern humans."

Other co-authors of the Science paper were postdoctoral fellow Laurits Skov of UC Berkeley and Alba Bossoms Mesa and Mateja Hajdinjak of MPI-EVA. Moorjani's research was supported by the Burroughs Wellcome Fund and the National Institutes of Health (R35GM142978).
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Do animals get jealous like people? Researchers say it's complicated | ScienceDaily
It's a question that has puzzled thinkers for centuries: Are we humans alone in our pursuit of fairness and the frustration we feel when others get what we want?


						
In recent years, evolutionary psychologists have suggested that we're not all that special. Animals, from corvids to capuchin monkeys, express what humans might recognize as jealousy when, for example, they are passed over for a sought-after snack. Many argue this is evidence we are not alone in our aversion toward unfairness.

But new research from the University of California, Berkeley, makes the case that humans might be unique after all.

Using data from 23 studies of what psychologists call "inequity aversion," Berkeley researchers combed through results of more than 60,000 observations involving 18 animal species. In what they said was the "largest empirical investigation of non-human inequity aversion to date," the team reconstructed data analyses and used a new metric that adds depth to the concept of fairness.

"We can't make the claim that animals experience jealousy based on this data," said Oded Ritov, a fourth-year Ph.D. candidate in UC Berkeley's Department of Psychology. "If there is an effect, it's very weak and might show up in very specific settings.

"But it's nothing like what we see in humans in terms of our deep-seated sense of fairness."

The meta-analysis was published Nov. 27 in the journal Proceedings of the Royal Society B.

Ritov, the paper's first author, studies how human behaviors have evolved, how much of it is baked into our big brains and what is learned through our complicated cultures. He also researches non-human animals to better understand what makes humans special.




Our sense of fairness in distributing resources may be a key reason we were able to build shelters, share food and develop more complex societies. To be sure, humans have differing perceptions of fairness. But core to the concept is what psychologists call "inequity aversion," a disinclination for the unequal distribution of resources and judgments on how things should be shared.

Examples are all around us, as siblings or parents of young children can attest. When one child is given something nicer than the other, outbursts often follow. It's not just that the youngster didn't get a toy or treat; someone else did instead. This reaction shows aversion toward inequity.

It's long been debated just how different that perception of fairness is for non-human animals.

Primatologist Frans de Waal's landmark study and accompanying viral video of an endearing capuchin monkey lashing out made the case that such animals show an understanding of inequity aversion that's remarkably similar to that of human children. All was well and good when both monkeys were given a slice of cucumber. But when researchers gave one a grape, the cucumber-munching chimp seemed to grow jealous, flung the cucumber back at the researcher and rattled the cage wall in protest.

De Waal and others said this and subsequent experiments supported the claim that humans are not alone in our sense of fairness. Similar studies on corvids, dogs and mice have likewise been reported to show inequity aversion.

Ritov said that might be the "straightforward, and perhaps anthropomorphic, interpretation." But that doesn't mean it's the only one.




He said many of these studies have been hampered by a replication crisis that has long plagued psychology and other disciplines. Findings might be compelling, but they're based on small sample sizes and are difficult to repeat, clouding their broader contributions to science.

"We thought it'd be a valuable contribution to try to pull together as much data as we can on this question and see what kind of pattern emerges with the larger dataset," Ritov said.

The pattern that emerged after rerunning the data with a new variable suggests the animals weren't displaying jealousy. They were actually disappointed after expecting a grape based on past research behavior. Follow-up studies elicited similar outrage in monkeys, even when the grapes were placed in an empty cage -- where there was no other monkey to be jealous of.

"We think that the rejections are a form of social protest," Ritov said. "But what animals are protesting isn't receiving less than someone else. Rather, it seems like they're protesting the human not treating them as well as they could."

Perhaps the reaction was never about inequity aversion, Ritov argues. It was about unmet expectations. And that's something that humans and non-human animals alike can relate to.
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