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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.


      
        Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict
        Astronomers have revealed new research showing that millions of new solar system objects are likely to be detected by a brand-new facility, which is expected to come online later this year.

      

      
        Telehealth can improve care for cats with chronic health issues
        Researchers found telehealth visits can improve care for cats with feline arthritis.

      

      
        Researchers develop innovative model to study sense of smell
        Using a newly devised, three-dimensional model to study the regeneration of nerve tissue in the nose, researchers have discovered that one type of stem cell thought to be dormant may play a more significant role in preserving the sense of smell than originally believed.

      

      
        Collaboration can unlock Australia's energy transition without sacrificing natural capital
        New research demonstrates that with collaboration between stakeholders, Australia can fully decarbonize its domestic and energy export economies by 2060 -- a feat requiring $6.2 trillion USD and around 110,000 square kilomters of land -- while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

      

      
        Decades-old assumptions about brain plasticity upended
        A new study challenges a decades-old assumption in neuroscience by showing that the brain uses distinct transmission sites -- not a shared site -- to achieve different types of plasticity.

      

      
        Guardrails, education urged to protect adolescent AI users
        The effects of artificial intelligence on adolescents are nuanced and complex, according to a new report that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.

      

      
        Eating an array of smaller fish could be nutrient-dense solution to overfishing
        To satisfy the seafood needs of billions of people, offering them access to a more biodiverse array of fish creates opportunities to mix-and-match species to obtain better nutrition from smaller portions of fish.

      

      
        Molecular link between air pollution and pregnancy risks
        A new study found exposure to specific tiny particles in air pollution during pregnancy are associated with increased risk of various negative birth outcomes.

      

      
        Pancreatic cancer spreads to liver or lung thanks to this protein
        Scientists have discovered how pancreatic cancer cells thrive in the lungs or liver, environments that are as distinct to cells as the ocean and desert are to animals. The spread of cancer cells to organs like these often produces the very first symptoms of pancreatic cancer. But by that time, the pancreatic cancer has spread out of control.

      

      
        Epilepsy is more common in patients with frontotemporal dementia than expected
        According to a recent study, in patients with frontotemporal dementia (FTD), epileptic seizures are significantly more common than previously known. The discovery deepens understanding of the symptoms of this memory disorder and emphasises the importance of taking epileptic seizures into account in the treatment and monitoring of patients.

      

      
        Tea, berries, dark chocolate and apples could lead to a longer life span, study shows
        New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.

      

      
        Atmospheric chemistry keeps pollutants in the air
        A new study details processes that keep pollutants aloft despite a drop in emissions.

      

      
        Being in nature can help people with chronic back pain manage their condition
        Researchers asked patients, some of whom had experienced lower back pain for up to 40 years, if being in nature helped them coped better with their lower back pain. They found that people able to spend time in their own gardens saw some health and wellbeing benefits. However, those able to immerse themselves in larger green spaces such as forests felt even more positive, as they were able to lose themselves in the environment and focus more on that than their pain levels. The researchers have rec...

      

      
        Scientists say next few years vital to securing the future of the West Antarctic Ice Sheet
        Collapse of the West Antarctic Ice Sheet could be triggered with very little ocean warming above present-day, leading to a devastating four meters of global sea level rise to play out over hundreds of years according to a new study. However, the authors emphasize that immediate actions to reduce emissions could still avoid a catastrophic outcome.

      

      
        First direct observation of the trapped waves that shook the world in 2023
        A new study has finally confirmed the theory that the cause of extraordinary global tremors in September -- October 2023 was indeed two mega tsunamis in Greenland that became trapped standing waves. Using a brand-new type of satellite altimetry, the researchers provide the first observations to confirm the existence of these waves whose behavior is entirely unprecedented.

      

      
        New mRNA vaccine is more effective and less costly to develop
        A new type of mRNA vaccine is more scalable and adaptable to continuously evolving viruses such as SARS-CoV-2 and H5N1, according to a new study.

      

      
        DNA floating in the air tracks wildlife, viruses -- even drugs
        Environmental DNA from the air, captured with simple air filters, can track everything from illegal drugs to the wildlife it was originally designed to study.

      

      
        Two plant species invent the same chemically complex and medically interesting substance
        The biosynthesis of the great variety of natural plant products has not yet been elucidated for many medically interesting substances. In a new study, an international team of researchers was able to show how ipecacuanha alkaloids, substances used in traditional medicine, are synthesized. They compared two distantly related plant species and were able to show that although both plant species use a comparable chemical approach, the enzymes they need for synthesis differ and a different starting ma...

      

      
        Clinical research on psychedelics gets a boost from new study
        As psychedelics gain traction as potential treatments for mental health disorders, an international study stands to improve the rigor and reliability of clinical research.

      

      
        Baboons walk in line for friendship, not survival, new study finds
        Researchers have discovered that baboons walk in lines, not for safety or strategy, but simply to stay close to their friends.

      

      
        Black holes could act as natural supercolliders -- and help uncover dark matter
        Supermassive black holes might naturally replicate the colossal energies of man-made particle colliders possibly even revealing dark matter offering a cosmic shortcut to discoveries that would otherwise take decades and billions to pursue.

      

      
        Large-scale immunity profiling grants insights into flu virus evolution
        A new study shows how person-to-person variation in antibody immunity plays a key role in shaping which influenza (flu) strains dominate in a population.

      

      
        Particles energized by magnetic reconnection in the nascent solar wind
        Scientists have identified a new source of energetic particles near the Sun. These definitive observations were made by instruments aboard NASA's Parker Solar Probe, which detected the powerful phenomena as the spacecraft dipped in and out of the solar corona.

      

      
        Early driver of prostate cancer aggressiveness
        Researchers have identified a gene that plays a key role in prostate cancer cells that have transitioned to a more aggressive, treatment-resistant form. The gene can be indirectly targeted with an existing class of drugs, suggesting a potential treatment strategy for patients with aggressive subtypes of prostate cancer.

      

      
        Record high: Study finds growing cannabis use among older adults
        Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to a recent analysis.

      

      
        Researchers develop recyclable, healable electronics
        Electronics often get thrown away after use because recycling them requires extensive work for little payoff. Researchers have now found a way to change the game.

      

      
        Preventing chronic inflammation from turning into cancer
        Chronic inflammatory bowel disease is challenging to treat and carries a risk of complications, including the development of bowel cancer. Young people are particularly affected: when genetic predisposition and certain factors coincide, diseases such as ulcerative colitis or Crohn's disease usually manifest between the ages of 15 and 29 -- a critical period for education and early career development. Prompt diagnosis and treatment are crucial. Researchers have now discovered a therapeutic target ...

      

      
        Geological time capsule highlights Great Barrier Reef's resilience
        New research adds to our understanding of how rapidly rising sea levels due to climate change foreshadow the end of the Great Barrier Reef as we know it. The findings suggest the reef can withstand rising sea levels in isolation but is vulnerable to associated environmental stressors arising from global climate change.

      

      
        Ultra-thin lenses that make infrared light visible
        Physicists have developed a lens with 'magic' properties. Ultra-thin, it can transform infrared light into visible light by halving the wavelength of incident light.

      

      
        Combination therapy can prolong life in severe heart disease
        Aortic valve narrowing (aortic stenosis) with concomitant cardiac amyloidosis is a severe heart disease of old age that is associated with a high risk of death. Until now, treatment has consisted of valve replacement, while the deposits in the heart muscle, known as amyloidosis, often remain untreated. Researchers have now demonstrated that combined treatment consisting of heart valve replacement and specific drug therapy offers a significant survival advantage for patients.

      

      
        The sweet spot: sugar-based sensors to revolutionize snake venom detection
        Researchers have published the first example of a synthetic sugar detection test for snake venom, offering a new route to rapid diagnosis and better antivenoms.

      

      
        Still on the right track? Researchers enable reliable monitoring of the Paris climate goals
        Global warming is continuously advancing. How quickly this will happen can now be predicted more accurately than ever before, thanks to a method developed by climate researchers. Anthropogenic global warming is set to exceed 1.5 degrees Celsius by 2028 and hence improved quantification of the Paris goals is proposed.

      

      
        Coastal flooding more frequent than previously thought
        Flooding in coastal communities is happening far more often than previously thought, according to a new study. The study also found major flaws with the widely used approach of using marine water level data to capture instances of flooding.

      

      
        Webb reveals the origin of the ultra-hot exoplanet WASP-121b
        Tracing the origin of an ultra-hot exoplanet: The chemical composition of WASP-121b suggests that it formed in a cool zone of its natal disc, comparable to the region of gas and ice giants in our Solar System. Methane indicates unexpected atmospheric dynamics: Despite extreme heat, methane was detected on the nightside -- a finding that can be explained by strong vertical atmospheric circulation. First detection of silicon monoxide in a planetary atmosphere: Measurements of this refractory gas al...

      

      
        Brain training game offers new hope for drug-free pain management
        A trial of an interactive game that trains people to alter their brain waves has shown promise as a treatment for nerve pain -- offering hope for a new generation of drug-free treatments.

      

      
        Nitrogen loss on sandy shores: The big impact of tiny anoxic pockets
        Some microbes living on sand grains use up all the oxygen around them. Their neighbors, left without oxygen, make the best of it: They use nitrate in the surrounding water for denitrification -- a process hardly possible when oxygen is present. This denitrification in sandy sediments in well-oxygenated waters can substantially contribute to nitrogen loss in the oceans.

      

      
        Attachment theory: A new lens for understanding human-AI relationships
        Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.

      

      
        Self-powered artificial synapse mimics human color vision
        Despite advances in machine vision, processing visual data requires substantial computing resources and energy, limiting deployment in edge devices. Now, researchers from Japan have developed a self-powered artificial synapse that distinguishes colors with high resolution across the visible spectrum, approaching human eye capabilities. The device, which integrates dye-sensitized solar cells, generates its electricity and can perform complex logic operations without additional circuitry, paving th...

      

      
        Dancing brainwaves: How sound reshapes your brain networks in real time
        What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study, your brain doesn't just hear it -- it reorganizes itself in real time.

      

      
        Student discovers long-awaited mystery fungus sought by LSD's inventor
        Making a discovery with the potential for innovative applications in pharmaceutical development, a microbiology student has found a long sought-after fungus that produces effects similar to the semisynthetic drug LSD, which is used to treat conditions like depression, post-traumatic stress disorder and addiction.

      

      
        Synthetic compound shows promise against multidrug resistance
        Researchers have synthesized a new compound called infuzide that shows activity against resistant strains of pathogens.

      

      
        Researchers recreate ancient Egyptian blues
        Researchers have recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.

      

      
        Immune system discovery reveals potential solution to Alzheimer's
        A new way of thinking about Alzheimer's disease has yielded a discovery that could be the key to stopping the cognitive decline seen in Alzheimer's and other neurodegenerative diseases, including ALS and Parkinson's.

      

      
        Discovery could boost solid-state battery performance
        Researchers have discovered that the mixing of small particles between two solid electrolytes can generate an effect called a 'space charge layer,' an accumulation of electric charge at the interface between the two materials. The finding could aid the development of batteries with solid electrolytes, called solid-state batteries, for applications including mobile devices and electric vehicles.

      

      
        Researchers use deep learning to predict flooding this hurricane season
        Researchers have developed a deep learning model called LSTM-SAM that predicts extreme water levels from tropical cyclones more efficiently and accurately, especially in data-scarce coastal regions, to offer a faster, low-cost tool for flood forecasting.

      

      
        New laser smaller than a penny can measure objects at ultrafast rates
        Researchers have engineered a laser device smaller than a penny that they say could power everything from the LiDAR systems used in self-driving vehicles to gravitational wave detection, one of the most delicate experiments in existence to observe and understand our universe.

      

      
        Insect protein blocks bacterial infection
        Scientists have reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface. A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.

      

      
        Human-caused dust events are linked to fallow farmland
        California Central Valley, which is known for the agriculture that produces much of the nation's fruits, vegetables and nuts, is a major contributor to a growing dust problem that has profound implications for people's health, safety and well-being.

      

      
        Research shows how solar arrays can aid grasslands during drought
        New research shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.

      

      
        Air-quality monitoring underestimates toxic emissions to Salton Sea communities, study finds
        Researchers showed that hydrogen sulfide, which is associated with numerous health conditions, is emitted from California's largest lake at levels far higher and more frequently than previously reported.
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Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict | ScienceDaily
A group of astronomers from across the globe, including a team from the University of Washington and led by Queen's University Belfast, have revealed new research showing that millions of new solar system objects will be detected by a brand-new facility, which is expected to come online later this year.


						
The NSF-DOE Vera C. Rubin Observatory is set to revolutionize our knowledge of the solar system's "small bodies" -- asteroids, comets and other minor planets.

The Rubin Observatory, under construction on the Cerro Pachon ridge in northern Chile, features the 8.4-meter Simonyi Survey Telescope with a unique three-mirror design capable of surveying the entire visible sky every few nights. At its heart is the world's largest digital camera -- the 3.2 gigapixel Legacy Survey of Space and Time (LSST) Camera -- covering a 9.6 square-degree field of view with six filters, roughly 45 times the area of the full moon. Together, this "wide-fast-deep" system will generate 20 terabytes of data every night -- creating an unprecedented time-lapse "movie" of the cosmos over the next 10 years, and an incredibly powerful dataset with which to map the solar system.

The team of astronomers, led by Queen's University's Meg Schwamb, created Sorcha, an innovative new open-source software used to predict what discoveries are likely to be made. Sorcha is the first end-to-end simulator that ingests Rubin's planned observing schedule. It applies assumptions on how Rubin Observatory sees and detects astronomical sources in its images with the best model of what the solar system and its small body reservoirs look like today.

"Accurate simulation software like Sorcha is critical," said Schwamb, a reader in the School of Mathematics and Physics at Queen's University. "It tells us what Rubin will discover and lets us know how to interpret it. Our knowledge of what objects fill Earth's solar system is about to expand exponentially and rapidly."

In addition to the eight major planets, the solar system is home to a vast population of small bodies that formed alongside the planets more than 4.5 billion years ago. Many of these smaller bodies remain essentially unchanged since the solar system's birth, acting as a fossil record of its earliest days. By studying their orbits, sizes and compositions, astronomers can reconstruct how planets formed, migrated and evolved.

These objects -- numbering in the tens of millions -- -- provide a powerful window into processes such as the delivery of water and organic material to Earth, the reshaping of planetary orbits by giant planets and the ongoing risk posed by those whose paths bring them near our planet.




In addition to Queen's University and the UW, the international team includes researchers from the Center for Astrophysics | Harvard & Smithsonian and the University of Illinois Urbana-Champaign.

A series of papers describing the software and the predictions have been accepted for publication by The Astronomical Journal.

Beyond just finding these new small bodies, Rubin Observatory will observe them multiple times using different optical filters, revealing their surface colors. Past solar system surveys typically observed with a single filter.

"With the LSST catalog of solar system objects, our work shows that it will be like going from black-and-white television to brilliant color," said Joe Murtagh, a doctoral student at Queen's University. "It's very exciting -- we expect that millions of new solar system objects will be detected and most of these will be picked up in the first few years of sky survey."

The team's simulations show that Rubin will map:
    	    127,000 near-Earth objects -- asteroids and comets whose orbits cross or approach Earth. That's more than tripling today's known objects, about 38,000, and detecting more than 70% of potentially hazardous bodies larger than 140 meters. This will cut the risk of undetected asteroid impact of catastrophic proportions by at least two times, making a tremendous contribution to planetary defense.
    
    	    


Over 5 million main-belt asteroids, up from about 1.4 million, with precise color and rotation data on roughly one in three asteroids within the survey's first years. This will give scientists unprecedented insight into the characteristics and history of the solar system's building blocks.
    
    	    109,000 Jupiter Trojans, bodies sharing Jupiter's orbit at stable "Lagrange" points -- more than seven times the number cataloged today. These bodies represent some of the most pristine material dating all the way back to the formation of the planets.
    
    	    37,000 trans-Neptunian objects, residents of the distant Kuiper Belt -- nearly 10 times the current census -- shedding light on Neptune's past migration and the outer solar system's history.
    
    	    Approximately 1,500-2,000 Centaurs, bodies on short-lived giant planet-crossing orbits in the middle solar system. Most Centaurs will eventually be ejected from the solar system, but a few lucky ones will survive to become short-period comets. The LSST will provide the first detailed view of the Centaurs and the important transition stage from Centaur to comet. 
    

Rubin Observatory's LSST is a once-in-a-generation opportunity to fill in the missing pieces of our solar system, said Mario Juric, a member of the Sorcha team and a UW professor of Astronomy. Juric also is a team lead of Rubin's Solar System Processing Pipelines and a director of UW's DiRAC Institute.

"Our simulations predict that Rubin will expand known small-body populations by factors of 4-9x, delivering an unprecedented trove of orbits, colors and light curves," Juric said. "With this data, we'll be able to update the textbooks of solar system formation and vastly improve our ability to spot -- and potentially deflect -- the asteroids that could threaten Earth."

It took 225 years of astronomical observations to detect the first 1.5 million asteroids, and researchers found that Rubin will double that number in less than a year, said Jake Kurlander, a doctoral student at the UW.

"Rubin's unparalleled combination of breadth and depth make it a uniquely effective discovery machine," Kurlander said.

Siegfried Eggl, an assistant professor of Aerospace Engineering at the University of Illinois Urbana-Champaign added: "Only by debiasing LSST's complex observing pattern can we turn raw detections into a true reflection of the solar system's history -- where the planets formed, and how they migrated over billions of years. Sorcha is a game changer in that respect."

The Sorcha code is open-source and freely available with the simulated catalogs, animations at https://sorcha.space. By making these resources available, the Sorcha team has enabled researchers worldwide to refine their tools and be ready for the flood of LSST data that Rubin will generate, advancing the understanding of the small bodies that illuminate the solar system like never before.

Rubin Observatory is scheduled to unveil its first spectacular imagery at its "First Look" event on June 23, offering the world an early glimpse of the survey's power. Full science operations are slated to begin later this year.
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Telehealth can improve care for cats with chronic health issues | ScienceDaily
Caring for a cat with chronic health conditions can be challenging for all involved, from the process of getting to a veterinary clinic to the stress of being in a strange environment with new smells and animals.


						
Researchers at the University of California, Davis, worked with pet owners across the United States and Canada to determine whether video telehealth visits could help improve care and the home environment for cats with feline degenerative joint disease, commonly referred to as feline arthritis.

The findings, published in the journal Frontiers in Veterinary Science, show that video calls where pet owners can ask questions and get non-medical advice can be beneficial. More than 95% of those who took part in the research said they would pay for telehealth visits, though most were willing to pay a little less than for in-clinic appointments.

"Teleadvice is meant to provide advice and support for caregivers caring for their cats," said lead author Grace Boone, an assistant specialist in the UC Davis Animal Welfare Epidemiology Lab. "We found that overall everybody was quite interested in video telehealth for home management of their cats and their mobility issues."

A common ailment

Routine veterinary care is important to prevent, mitigate and treat health and behavioral problems. And feline arthritis is quite common, present in roughly 6% to 30% of cats under age 10 and from 64% to 92% of those older than 10, Boone said.

"Cats are great at hiding signs of pain," said Carly Moody, senior author on the paper and an assistant animal science professor. "These conditions are prevalent and pain is a serious health and welfare issue that needs to be addressed. Telehealth is beneficial because it allows you to take out that clinic stressor for some aspects of care."

The researchers recruited 106 pet owners whose cats had mobility issues. Each one filled out a questionnaire about their cat's mobility, barriers to getting in-person care and how they felt about telehealth.




Pet owners in the test group took the survey and participated in six video visits -- one every three weeks over four months -- and then retook the survey. The control group only received the questionnaire at the beginning of the research and four months later. A presentation on caring for cats with mobility issues also was offered to all participants at the end.

In the home video session, Boone asked general questions about the cat's wellbeing and mobility, and suggested modifications if owners asked for advice. Suggestions included elevated food and water dishes to ease neck strain, larger litter boxes with shorter walls, and additional steps to access favorite places. Pet owners reported that the visits helped them understand their cats' needs, making them more confident in how they cared for their cats.

"There's a lot of in-home modifications that can be implemented to increase cat comfort in the home," Moody said. "Telehealth allows veterinary professionals to see and understand the cat's home environment and make recommendations which can be helpful for the cat."

Advice not medicine

Telehealth visits don't require a veterinarian. A registered veterinary technician or other knowledgeable staff member can conduct the calls, answer questions and give advice. They are not meant to replace in-person veterinary care but rather supplement it, Moody said.

"There's ways you can incorporate telehealth to make it easier for the owner and the cat and increase the number of visits and support an owner is receiving, particularly when they're caring for a cat that requires chronic high levels of care at home," Moody said.




The visits have the potential to foster better veterinarian-client-patient relationships. "Rather than being something that detracts from in-person care, I think you can improve it and help supplement it," Boone said.

Evaluating changes in the home

Next up is to determine whether recommended changes based on expert advice can improve a cat's wellbeing in the home.

"I think it would be really interesting to look at these interventions and specifically say, 'Are they helpful?' If somebody's not willing to change a lot of things in their home, you could prioritize the ones that make the most difference for the cat's welfare," Moody said.

Moody's lab may also examine whether telehealth could be beneficial for other health issues like obesity and disease prevention.

Hao-Yu Shih from the Mayo Clinic and Daniel Pang, who is affiliated with the University of Calgary and University of Montreal in Canada, contributed to the research. It was supported by the American Society for the Prevention of Cruelty to Animals and the family foundation Maddie's Fund.
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Researchers develop innovative model to study sense of smell | ScienceDaily
Using a newly devised, three-dimensional model to study the regeneration of nerve tissue in the nose, researchers at Tufts University School of Medicine and the Graduate School of Biomedical Sciences (GSBS) and colleagues have discovered that one type of stem cell thought to be dormant may play a more significant role in preserving the sense of smell than originally believed.


						
Unlike cells in the central nervous system, sensory neurons in the nasal cavity have a remarkable ability to regenerate throughout life despite near constant exposure to the outside environment.

Viral infections such as COVID-19, exposure to toxins, or even aging itself can diminish their function or the ability of these cells to replicate, which can lead to a partial or complete loss of smell. The team of researchers devised a new, easy-to-create, three-dimensional olfactory tissue mouse model or organoid to help scientists better study how neurons are continually formed in the nose and why this process might decline in disease and aging.

Their research, published recently in Cell Reports Methods, uses this mouse model to show how two types of stem cells in the nose, called horizontal basal cells (HBCs) and globose basal cells (GBCs), communicate and support each other to develop new smell-sensing nerve tissue.

"Our research suggests that these two stem cells may be interdependent," says Brian Lin, senior author on the study and a research assistant professor in the Department of Developmental, Molecular and Chemical Biology. "One type that we thought was largely dormant -- HBCs -- may actually play a crucial role in supporting the production of new neurons and the repair of damaged tissue."

Using this model, the team identified a specific subpopulation of HBCs, marked by their production of the protein KRT5, that actively support the generation of new olfactory neurons. The researchers observed that these particular HBCs play a key role in the formation of the organoids, and they found that when these cells were selectively depleted from the organoid cultures, the generation of new neurons was significantly impaired. These results suggest that these stem cells, once thought to be dormant, are essential players in the regenerative process.

"We also looked at cells from mice of different ages and grew them in the model," Lin says. "We found a decline in the ability of the older mice cells to generate new neurons. We think this is due to a decrease in the GBC population as we age, but we need to do more work to test this hypothesis and if so, develop ways to rejuvenate them."

An Easy-To-Use Model




Lead author of the study, Juliana Gutschow Gameiro, a former Ph.D. student visiting GSBS, came to Tufts from the State University of Londrina, Parana, in Brazil. Lin says she was dedicated to developing a model that was easy to create in labs with limited funds and equipment.

"Because loss of smell is associated with COVID-19, as well as with Parkinson's disease and other conditions, a much larger number of researchers from a variety of different fields have begun researching olfactory epithelial cells in the last few years," says Lin.

"We wanted to develop an easy-to-use model so that non-stem cell biologists and those working in labs with limited resources could use it to better understand how olfactory neurons regenerate and what happens that causes that process to diminish or fail completely," he says.

Next Step: A Human Organoid

The ultimate goal is to use this mouse-tissue model of olfactory sensory neurons as a pathway to developing a human organoid that can be used to screen drugs to treat people whose sense of smell is significantly diminished or gone.

Organoids make pre-clinical trial research quicker, less expensive, and potentially more effective than using whole animals or existing human cell cultures. Organoids have already been developed for lungs, kidneys, and other organs, but not for human olfactory tissue.

"It's challenging to get pure olfactory tissue from humans," Lin says. Individuals are anesthetized and a brush similar to a COVID test wand is pushed deep into the nasal cavity. Unlike in their mouse model, human respiratory stem cells and olfactory stem cells collected in this process are difficult to separate.

The research team's next challenge is to develop a simple, inexpensive technique for separating out the human olfactory stem cells and coaxing them to grow in the lab.
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Collaboration can unlock Australia's energy transition without sacrificing natural capital | ScienceDaily
Decarbonizing Australia's economy and protecting the country's most critical natural resources are both possible but will require significant collaboration between energy developers, state and local governments, landowners, and interest groups, according to new research led by Princeton and The University of Queensland.


						
The research, published May 29 in Nature Sustainability, demonstrates that Australia can fully decarbonize its domestic and energy export economies by 2060 while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

"The amount of land required for the energy transition is massive, and the speed at which we need to be deploying renewable infrastructure is unprecedented," said first author Andrew Pascale, research scholar in the Andlinger Center for Energy and the Environment. "At the same time, we've shown here that not only can it be done, but that it can and should be done while incorporating the perspectives of many different stakeholders."

If stakeholders work collaboratively to identify the most suitable areas for development, the researchers found it would be possible to site the over 110,000 square kilometers -- around 1.7 times the size of Tasmania -- of renewable energy infrastructure needed by 2060 to reach net-zero in Australia while preserving lands for biodiversity and agriculture.

If stakeholders refuse to compromise on their interests, however, it would lead not only to higher energy prices but also a clean energy shortfall of almost 500 gigawatts. Such a shortfall would undermine the modeled decarbonization pathway, potentially requiring an unwanted and likely costly pivot to an alternative.

"There are legitimate tensions surrounding renewable energy development," said co-author Chris Greig, theTheodora D. '78 & William H. Walton III '74 Senior Research Scientist in the Andlinger Center for Energy and the Environment. "There are values -- protecting biodiversity, respecting Indigenous estate, supporting farmers -- that must be respected and incorporated into planning processes alongside concerns about the climate."

The researchers drew from their prior work on the Net Zero Australia study, a multi-year, multi-institutional collaboration that charted unique pathways for Australia to fully decarbonize and maintain its domestic and export economy -- a nearly $6.2 trillion task (in 2020 U.S. dollars). During Net Zero Australia, the team consulted with stakeholder groups including the National Farmers Federation, National Native Title Council, and the Australian Conservation Foundation. In the present study, the team drew from those conversations to incorporate stakeholder values about land use into their technoeconomic model, identifying the most suitable lands for renewable energy development and those that should be excluded from consideration.




"In thinking about renewable energy planning, we're taking into account different biodiversity goals and protections for natural capital, which is critical for when you're trying to implement projects," said co-author James Watson, a professor of environmental management at The University of Queensland. "This is among the first works to put biodiversity and natural capital into the same picture as energy planning in Australia, which is a much-needed step in the right direction."

The researchers combined the modeling results and stakeholder input to propose a 'traffic-light' approach for siting renewable infrastructure. They identified where energy projects could be easiest to site (green), where they could be potentially sited pending further stakeholder engagement (orange), and where development would be off-limits (red).

The researchers contrasted their proposed system with the renewable energy zones that the Australian Energy Regulator uses for energy planning, noting that at least two existing renewable energy zones have over 90% overlap with biodiversity exclusion areas.

"There is a difference between modeling a net-zero pathway and planning one," Pascale said. "What looks good from the standpoint of resource quality and proximity to existing infrastructure might not hold when you simultaneously consider biodiversity and other national commitments. If 90% of the land in a proposed renewable energy zone will trigger a response from conservation groups, then it may be time to rethink."

Greig added that at a broader level, the research highlights the importance of flexible, robust net-zero pathways that account for land-use uncertainties. Such a methodology would require moving away from conventional, top-down modeling approaches to flexible pathways that are conscious of different and sometimes competing priorities for natural capital.

"We've identified a need for a government planning and approval process that integrates the diverse interests of energy development, Indigenous land rights, environmental values like biodiversity, and natural resources more broadly," said Greig. "Those perspectives are typically siloed, which is a recipe for decisions that make unacceptable tradeoffs and compromise biodiversity alongside Indigenous and farmers' rights."

The researchers suggested that an immediate planning goal would be to prioritize turning possible development sites (orange) into ones acceptable to diverse stakeholders (green) as quickly as possible.




They also underscored several uncertainties, such as missing critical habitat data for many Australian species and how all species might respond to climate change, which would require greater flexibility within individual transition pathways accompanied by regular model updates. If any unexpected and extreme changes in land availability exceed the flexibility designed in the pathway, the researchers acknowledged that the model's outcomes could change.

However, Watson said that such uncertainties should not prevent planners from using the best available data to take action on renewable energy development.

"We have to deal with the problem we are facing today, thinking about where endangered species are right now and focusing on keeping those habitats intact," said Watson. "We can take action while acknowledging we need better data, which is far preferable to simply forgetting or ignoring biodiversity."

"I see this paper as a wake-up call," he added. "The take-home message is that we need a clean energy future, and that we need to plan for that future -- and the large spatial footprint it will require -- without defeating our other societal goals."
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Decades-old assumptions about brain plasticity upended | ScienceDaily
A new study from Pitt researchers challenges a decades-old assumption in neuroscience by showing that the brain uses distinct transmission sites -- not a shared site -- to achieve different types of plasticity. The findings, published in Science Advances, offer a deeper understanding of how the brain balances stability with flexibility, a process essential for learning, memory and mental health.


						
Neurons communicate through a process called synaptic transmission, where one neuron releases chemical messengers called neurotransmitters from a presynaptic terminal. These molecules travel across a microscopic gap called a synaptic cleft and bind to receptors on a neighboring postsynaptic neuron, triggering a response.

Traditionally, scientists believed spontaneous transmissions (signals that occur randomly) and evoked transmissions (signals triggered by sensory input or experience) originated from one type of canonical synaptic site and relied on shared molecular machinery. Using a mouse model, the research team -- led by Oliver Schluter, associate professor of neuroscience in the Kenneth P. Dietrich School of Arts and Sciences -- discovered that the brain instead uses separate synaptic transmission sites to carry out regulation of these two types of activity, each with its own developmental timeline and regulatory rules.

"We focused on the primary visual cortex, where cortical visual processing begins," said Yue Yang, a research associate in the Department of Neuroscience and first author of the study. "We expected spontaneous and evoked transmissions to follow a similar developmental trajectory, but instead, we found that they diverged after eye opening."

As the brain began receiving visual input, evoked transmissions continued to strengthen. In contrast, spontaneous transmissions plateaued, suggesting that the brain applies different forms of control to the two signaling modes.

To understand why, the researchers applied a chemical that activates otherwise silent receptors on the postsynaptic side. This caused spontaneous activity to increase, while evoked signals remained unchanged -- strong evidence that the two types of transmission operate through functionally distinct synaptic sites.

This division likely enables the brain to maintain consistent background activity through spontaneous signaling while refining behaviorally relevant pathways through evoked activity. This dual system supports both homeostasis and Hebbian plasticity, the experience-dependent process that strengthens neural connections during learning.

"Our findings reveal a key organizational strategy in the brain," said Yang. "By separating these two signaling modes, the brain can remain stable while still being flexible enough to adapt and learn."

The implications could be broad. Abnormalities in synaptic signaling have been linked to conditions like autism, Alzheimer's disease and substance use disorders. A better understanding of how these systems operate in the healthy brain may help researchers identify how they become disrupted in disease.

"Learning how the brain normally separates and regulates different types of signals brings us closer to understanding what might be going wrong in neurological and psychiatric conditions," Yang said.
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Guardrails, education urged to protect adolescent AI users | ScienceDaily
The effects of artificial intelligence on adolescents are nuanced and complex, according to a report from the American Psychological Association that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.


						
"AI offers new efficiencies and opportunities, yet its deeper integration into daily life requires careful consideration to ensure that AI tools are safe, especially for adolescents," according to the report, entitled "Artificial Intelligence and Adolescent Well-being: An APA Health Advisory." "We urge all stakeholders to ensure youth safety is considered relatively early in the evolution of AI. It is critical that we do not repeat the same harmful mistakes made with social media."

The report was written by an expert advisory panel and follows on two other APA reports on social media use in adolescence and healthy video content recommendations.

The AI report notes that adolescence -- which it defines as ages 10-25 -- is a long development period and that age is "not a foolproof marker for maturity or psychological competence." It is also a time of critical brain development, which argues for special safeguards aimed at younger users.

"Like social media, AI is neither inherently good nor bad," said APA Chief of Psychology Mitch Prinstein, PhD, who spearheaded the report's development. "But we have already seen instances where adolescents developed unhealthy and even dangerous 'relationships' with chatbots, for example. Some adolescents may not even know they are interacting with AI, which is why it is crucial that developers put guardrails in place now."

The report makes a number of recommendations to make certain that adolescents can use AI safely. These include:

Ensuring there are healthy boundaries with simulated human relationships. Adolescents are less likely than adults to question the accuracy and intent of information offered by a bot, rather than a human.




Creating age-appropriate defaults in privacy settings, interaction limits and content. This will involve transparency, human oversight and support and rigorous testing, according to the report.

Encouraging uses of AI that can promote healthy development. AI can assist in brainstorming, creating, summarizing and synthesizing information -- all of which can make it easier for students to understand and retain key concepts, the report notes. But it is critical for students to be aware of AI's limitations.

Limiting access to and engagement with harmful and inaccurate content. AI developers should build in protections to prevent adolescents' exposure to harmful content.

Protecting adolescents' data privacy and likenesses. This includes limiting the use of adolescents' data for targeted advertising and the sale of their data to third parties.

The report also calls for comprehensive AI literacy education, integrating it into core curricula and developing national and state guidelines for literacy education.

"Many of these changes can be made immediately, by parents, educators and adolescents themselves," Prinstein said. "Others will require more substantial changes by developers, policymakers and other technology professionals."

Report: https://www.apa.org/topics/artificial-intelligence-machine-learning/health-advisory-ai-adolescent-well-being

In addition to the report, further resources and guidance for parents on AI and keeping teens safe and for teens on AI literacy are available at APA.org.
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Eating an array of smaller fish could be nutrient-dense solution to overfishing | ScienceDaily
To satisfy the seafood needs of billions of people, offering them access to a more biodiverse array of fish creates opportunities to mix-and-match species to obtain better nutrition from smaller portions of fish.


						
The right combination of certain species can provide up to 60% more nutrients than if someone ate the same quantity of even a highly nutritious species, according to an analysis by Cornell University researchers.

"This research hopefully highlights the importance of biodiversity, not just because of a moral quandary that we're causing a mass extinction on Earth, but also because biodiversity can lead to better outcomes for fishery sustainability," said first author Sebastian Heilpern, a postdoctoral fellow who has done previous research related to this in the Amazon River.

In the study, Heilpern and colleagues began by identifying a list of fish species that people are known to consume. Heilpern cross-checked it with existing nutrient content data for each species. From there, researchers determined the fish species that are found in every country or territory on Earth. The biogeographic and nutrient data was then fed into a computer model.

"We can then ask, out of all these combinations of potential options of species, which ones could we select and how much of each, in a way that would provide us with sufficient nutrition to meet a person's diet [needs] with the lowest amount of fish biomass," Heilpern said.

The model revealed that when fisheries are more biodiverse, an optimal diet that uses the lowest quantity of fish skews towards species with traits that can give them greater resilience to anthropogenic pressures like overexploitation and climate change. Such species tend to be smaller, lower on the food chain, and can be substituted with a wider range of other small species that contain similar levels of nutrients, thereby providing people with many potential alternatives.

Smaller species, like sardines, tend to be more ecologically resilient because they grow at faster rates than larger species. Additionally, optimal species are able to tolerate wider temperature ranges, making them more resilient to climate shocks.

The investigation showed that tropical coastal countries tend to have the most biodiverse fisheries, including countries in the Coral Triangle in the Pacific Ocean, Australia, India and the Amazon. The U.S. has good biodiversity, though Americans tend to consume a select few species; only 10 species account for up to 90% of fish that Americans eat.

The study was funded by the Schmidt Sciences programs, Cornell University, the National Science Foundation, the National Institute of Food and Agriculture, the Air Force Office of Scientific Research, and the David and Lucile Packard Foundation.
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Molecular link between air pollution and pregnancy risks | ScienceDaily

The study, which analyzed blood samples provided by 330 pregnant women from the Atlanta metropolitan area, is believed to be the first to investigate how exposure to ambient fine particulate matter (PM2.5) commonly found in air pollution affects the metabolism of pregnant women and contributes to increased risks of preterm and early term births.

"The link between air pollution and premature birth has been well established, but for the first time we were able to look at the detailed pathway and specific fine particles to identify how they are reflected in the increased risk of adverse birth outcomes," says Donghai Liang, PhD, study lead author and associate professor of environmental health at the Rollins School of Public Health. "This is important because if we can figure out the 'why' and 'how' then we can know better how to address it."

Why This Matters

Previous research has shown pregnant women and fetuses are more vulnerable than other populations to exposure to PM2.5 -- which is emitted from combustion sources such as vehicle exhaust, industrial processes, and wildfires -- including increased likelihood of preterm births (less than 37 weeks of gestation), which is the leading cause of death globally among children under the age of five. Preterm birth is also linked to complications such as cerebral palsy, respiratory distress syndrome, and long-term noncommunicable disease risks, while early term births (37-39 weeks of gestation) are also associated with increased neonatal morbidity and developmental challenges. Approximately 10% of the preterm births in the world are attributable to PM2.5 exposure.

Key Findings
    	This was the first study to uncover the specific pathways and molecules involved in energy and amino acid metabolism that may explain how exposure to PM2.5 contributes to preterm and early term births.
    	The researchers identified two substances -- cortexolone and lysoPE(20:3) -- as factors in the relationship between short-term air pollution exposure and elevated risk of early births, offering a potential mechanism through which air pollution triggers premature labor.
    	The study highlighted disruptions in protein digestion and absorption -- which are vital to fetal development and immune function -- as potential links between air pollution and early births, also offering new potential targets for prevention efforts.
    	Of the 330 women who participated in the Emory study, 66 (20%) delivered preterm babies and 54 (16.4%) delivered early term babies, both of which are significantly higher than the prevalence in the general U.S. population.

What The Experts Say

"As an air pollution scientist, I do not think air pollution is going away anytime soon. Even at lower levels, we continue to see harmful health effects, but we can't just ask people to simply move away from highly polluted areas," Liang says. "So, from a clinical intervention standpoint, that's why it's critical to gain a better understanding on these pathways and molecules affected by pollution. In the future, we may be able to target some of these molecules to develop effective strategies or clinical interventions that could help reduce these adverse health effects."
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Pancreatic cancer spreads to liver or lung thanks to this protein | ScienceDaily
A protein called PCSK9 determines how pancreatic cancer cells metastasize to different parts of the body.


						
Scientists at UC San Francisco have discovered how pancreatic cancer cells thrive in the lungs or liver, environments that are as distinct to cells as the ocean and desert are to animals. The spread of cancer cells to organs like these often produces the very first symptoms of pancreatic cancer. But by that time, the pancreatic cancer has spread out of control.

The findings, published May 21 in Nature, create new opportunities to treat pancreatic cancer, which is notoriously resistant to many therapies. The study was funded in part by the National Institutes of Health (NIH), the National Science Foundation (NSF), and the American Association for Cancer Research.

In the study, researchers wanted to know what allowed cells to survive in one place instead of the other. To do this, they analyzed data from MetMap, a project at the Broad Institute, an independent research organization, to find pancreatic cancer cell lines that had a tendency to colonize either the lung or the liver. Then, they looked for genomic differences that could reveal why, or even how, these cells preferred one organ over the other.

Their analysis turned up a protein called PCSK9 that controls how cells obtain cholesterol. When PCSK9 levels are low, pancreatic cancer cells consume nearby cholesterol, which is abundant in the liver. When PCSK9 levels are high, the cancer cells produce their own cholesterol. They also make molecules that protect them from damage by oxygen, a perfect adaptation to survival in the lungs.

When the team forced pancreatic cancer cells that were destined for the liver to express PCSK9, the cells made a detour to the lungs.

"Cancers persist by adapting to live in new tissues and organs, and we found that pancreatic tumors use PCSK9 to adapt as they spread," said Rushika Perera, PhD, the Deborah Cowan Endowed Associate Professor of Anatomy at UCSF and senior author of the paper. "It opens the door to fighting metastatic cancer growth by manipulating how cells acquire their cholesterol.
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Epilepsy is more common in patients with frontotemporal dementia than expected | ScienceDaily
According to a recent study, in patients with frontotemporal dementia (FTD), epileptic seizures are significantly more common than previously known. The discovery deepens understanding of the symptoms of this memory disorder and emphasises the importance of taking epileptic seizures into account in the treatment and monitoring of patients.


						
Coordinated by Neurocenter Finland, this major project by the University of Eastern Finland and the University of Oulu examined the prevalence of epilepsy in patients with FTD. The research dataset is one of the largest in the world, and the results have been published in the prestigious JAMA Neurology journal.

Epilepsy occurred years before the FTD diagnosis 

Epilepsy is known to be associated with Alzheimer's disease, for example, but data on the on the connection between FTD and epilepsy remains scarce. The newly published study fills this information gap and shows that epilepsy is considerably more common in patients with FTD than previously estimated.

The study analysed patient data from the university hospitals of Kuopio and Oulu from the period 2010-2021. Out of a total of 12,490 medical records, the study identified 245 patients with FTD and 1,326 patients with Alzheimer's disease. In addition to examining the prevalence of epilepsy in these patients, the prevalence was also examined in healthy controls.

"Our results show that epilepsy is considerably more common among those with FTD than those with Alzheimer's disease or in healthy controls," says Doctoral Researcher Annemari Kilpelainen, the first author of the research article and a medical specialist in neurology.

"It is noteworthy that epilepsy occurred in some patients with FTD already ten years before their dementia diagnosis, and it was more common in all the examined stages of the disease than previous international studies have reported."

The prevalence of epilepsy was assessed at several time points from ten years before to five years after the dementia diagnosis. In patients with FTD, the prevalence of epilepsy increased over time, and five years after the diagnosis approximately 11% had epilepsy. In addition to epilepsy diagnoses, medications used for epilepsy were more common in patients with FTD, which strengthens the reliability of the results.




Epilepsy might be left undiagnosed

Diagnosing epilepsy in patients with FTD may be challenging as the symptoms of the disease may resemble epileptic seizures. This may lead to underdiagnosis and delays in treatment. However, untreated epilepsy can significantly worsen patients' condition.

"Identifying epilepsy is important because its treatment can improve patients' functional capacity and quality of life. Knowledge about the association between epilepsy and FTD raises new research questions: do these diseases share some pathophysiological mechanisms and could some FTD symptoms be caused by alterations in the specific electrical systems of the brain," says the project's principal investigator, Associate Professor and Director of UEF Brain Research Unit Eino Solje.

An extensive research project brings together different fields of science

The recently published study is part of an extensive project that combines exceptionally extensive real-life patient data with different kinds of unique registers. The project involves a strong cooperation between the University of Oulu and the University of Eastern Finland as well as different fields of science, including between researchers in the fields of medicine and law. Kuopio University Hospital and Oulu University Hospital are part of the international European Reference Network EpiCARE and recognised centres in the field of epilepsy treatment and research.
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Tea, berries, dark chocolate and apples could lead to a longer life span, study shows | ScienceDaily
New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.


						
The study was led by a team of researchers from Queen's University Belfast, Edith Cowan University Perth (ECU), and the Medical University of Vienna and Universitat Wien.

The findings reveal that increasing the diversity of flavonoids within your diet could help prevent the development of health conditions such as type 2 diabetes, cardiovascular disease (CVD), cancer and neurological disease.

Flavonoids are found in plant foods like tea, blueberries, strawberries, oranges, apples, grapes, and even red wine and dark chocolate.

Published in Nature Food, the study tracked over 120,000 participants aging from 40 to 70 years old for over a decade. It is the first study of its kind to suggest that there is a benefit to consuming a wide range of flavonoids beyond that of simply consuming a high quantity.

ECU Research Fellow, first author and co-lead of the study Dr Benjamin Parmenter, made the initial discovery that a flavonoid-diverse diet is good for health.

"Flavonoid intakes of around 500 mg a day was associated with a 16% lower risk of all-cause mortality, as well as a ~10% lower risk of CVD, type 2 diabetes, and respiratory disease. That's roughly the amount of flavonoids that you would consume in two cups of tea."

Dr Parmenter added, however, that those who consumed the widest diversity of flavonoids, had an even lower risk of these diseases, even when consuming the same total amount. For example, instead of just drinking tea, it's better to eat a range of flavonoid-rich foods to make up your intake, because different flavonoids come from different foods.




"We have known for some time that higher intakes of dietary flavonoids, powerful bioactives naturally present in many foods and drinks, can reduce the risk of developing heart disease, type 2 diabetes, and neurological conditions like Parkinson's," study co-lead Professor Aedin Cassidy from the Co-Centre for Sustainable Food Systems and Institute for Global Food Security at Queen's said.

"We also know from lab data and clinical studies that different flavonoids work in different ways, some improve blood pressure, others help with cholesterol levels and decrease inflammation. This study is significant as the results indicate that consuming a higher quantity and wider diversity has the potential to lead to a greater reduction in ill health than just a single source."

Professor Tilman Kuhn from the Medical University of Vienna, Universitat Wien and Queen's University Belfast was also a co-lead author, noted that the importance of diversity of flavonoid intake has never been investigated until now, making this study very significant as the findings align with popular claims that eating colourful foods are invaluable to maintain good health.

"Eating fruits and vegetables in a variety of colours, including those rich in flavonoids, means you're more likely to get the vitamins and nutrients you need to sustain a healthier lifestyle," he said.

The first-ever dietary guidelines for flavonoids were released recently recommending increasing the consumption of flavonoids to maintain health.

"Our study provides inaugural evidence that we may also need to advise increasing diversity of intake of these compounds for optimal benefits," Dr Parmenter said.

"The results provide a clear public health message, suggesting that simple and achievable dietary swaps, such as drinking more tea and eating more berries and apples for example, can help increase the variety and intake of flavonoid-rich foods, and potentially improve health in the long-term," Professor Cassidy added.
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Atmospheric chemistry keeps pollutants in the air | ScienceDaily
Nitrates in the atmosphere reduce air quality and play an important role in climate change. An international team led by Hokkaido University researchers has revealed how chemical processes in the atmosphere have led to persistently high nitrate levels despite a reduction in emissions over the past few decades. These findings, published in Nature Communications, will help improve climate modelling by refining our ability to assess and predict atmospheric nitrate levels.


						
Atmospheric nitrate levels peaked between 1970 and 2000. The levels decreased somewhat with the decrease in the emission of nitrate precursors since the 1990s, but the drop in nitrate levels is smaller than the drop in the emission of precursors -- something is keeping nitrates in the atmosphere.

Nitrates can exist in either a gaseous or particulate form in the atmosphere. Gaseous nitrate is more easily deposited out of the atmosphere, while the particulate form -- particularly finer particles -- can be transported over long distances. Understanding the balance between gaseous and particulate nitrates is therefore important in getting a picture of the atmospheric dynamics and persistence of nitrates.

The persistence of atmospheric nitrates in source regions is explained by a buffering effect, where gaseous nitrates are converted to particulate nitrates, contributing to their persistence. The impact of this buffering over long timescales and at long ranges is unclear, but nitrates deposited in Arctic ice cores show the same patterns as atmospheric nitrates. These sites are far from the sources, so the continuing high deposition rates don't reflect local processes near the source but must be due to atmospheric transport and other processes in the atmosphere.

To understand these dynamics, a research team led by Professor Yoshinori Iizuka at the Institute of Low Temperature Science, Hokkaido University, examined the nitrate deposition history from 1800 to 2020 in an ice core taken from southeastern Greenland. As expected, nitrate levels within the core increased from the 1850s, peaking between the 1970s and 2000s before declining somewhat but remaining high. Overall, the increase in nitrates up to the 1970s happened more gradually than the increase in precursors, and the decrease after the 1990s was also slower and smaller than the decrease in precursor emission.

The delayed effect and persistence of nitrates indicates factors other than the emission of precursors are affecting nitrate levels. The researchers investigated these factors with a global chemical transport model and found that the difference between nitrate and precursor levels correlated with atmospheric acidity and not with other meteorological factors, such as air temperature.

In other words, the persistence of nitrates has been driven by chemical processes happening in the atmosphere rather than meteorological conditions or atmospheric dynamics. Changes in atmospheric acidity altered the proportion of nitrate that was gaseous or particulate. This affects the lifetime of nitrates in the atmosphere. Atmospheric acidity has increased the fraction of nitrates in particulate form, enabling this pollutant to persist longer and travel farther.

"Ours is the first study to present accurate information for records of particulate nitrates in ice cores, which has been a very challenging problem," says Iizuka. "As it is more difficult to reduce anthropogenic emissions of substances that lead to increased nitrates, accurate measurements of particulate nitrates in the ice cores provides data for increasing the accuracy of predicting the amplification of Arctic warming in the future."

"It was difficult to present accurate nitrate from ice cores, but our team was able to do so this time." says Iizuka. "In the future, nitrate will replace sulfate as the primary aerosol in the Arctic, suggesting this result leads to the higher accuracy of future predictions of Arctic warming amplification."
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Being in nature can help people with chronic back pain manage their condition | ScienceDaily
ing time in or around nature can provide people suffering from chronic lower back pain with a degree of escapism that helps them better manage their physical discomfort, a new study has shown.


						
The research, published in The Journal of Pain, is the first of its kind to ask people experiencing chronic lower back pain - in some cases for almost 40 years - about the role nature plays in any coping strategies they employ to help manage their condition.

The researchers found that people able to get out in nature said it enabled them to connect with others on a social level whereas they might otherwise spend the majority of their time indoors and isolated.

It provided them with a degree of distraction from their pain and a sense of escapism from their daily lives, and they enjoyed the opportunity to exercise in pleasant surroundings, preferring it to gyms or similar settings.

In addition, natural features such as fresh air and the sound and visual presence of water, the interviewees said, helped give them a feeling of tranquillity that relieved the stresses and anxieties created by their pain levels.

However, they did have concerns about the accessibility of some spaces, with factors such as unsteady or uneven terrain and a lack of seating having the potential to reduce their enjoyment of - and making them less inclined to visit - certain places.

Based on their findings, the researchers have recommended that people with chronic lower back pain - and the clinicians treating them - give greater consideration to the role nature can play in their health and wellbeing, and suggested natural spaces could be adapted to incorporate more accessible design features.




They are also working with people with varying forms of chronic pain to develop and test virtual reality innovations that may enable them to experience the benefits of being in nature on occasions where they can't physically access them.

The study was conducted by experts in pain management and environmental psychology at the University of Plymouth and University of Exeter, and is based on interviews with 10 people who had experienced chronic lower back pain for between five and 38 years.

Alexander Smith, a PhD researcher in the University of Plymouth's School of Psychology and the study's lead author, said: "Lower back pain, like many other forms of physical discomfort, can be debilitating, isolating and exhausting. But amid a push for novel and more holistic therapies to treat chronic pain, nature has been suggested as a potential option. Our research showed that those able to get out into nature saw the benefits of doing so, both from a physical and a mental perspective. Simple changes, such as better paths and seating, and technological innovations including virtual reality may help make those benefits accessible to everyone. But we hope our findings open the door to greater exploration of how that might be achieved."

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter and the study's senior author, added: "This study addresses important questions about health equity and the significant physical barriers faced by people living with chronic pain in accessing natural spaces. Many individuals encounter substantial obstacles, including uneven terrain, limited seating, or difficulties leaving their homes, making it challenging for them to benefit from the restorative properties of nature. We think that future research could use immersive technologies, such as virtual reality, to help overcome these barriers which would enable individuals to experience the benefits of nature without needing to physically navigate inaccessible environments. This could significantly enhance inclusivity and accessibility in chronic pain management strategies in the future."
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Scientists say next few years vital to securing the future of the West Antarctic Ice Sheet | ScienceDaily
Collapse of the West Antarctic Ice Sheet could be triggered with very little ocean warming above present-day, leading to a devastating four metres of global sea level rise to play out over hundreds of years according to a study now published in Communications Earth & Environment, co-authored by the Potsdam Institute for Climate Impact Research (PIK). However, the authors emphasise that immediate actions to reduce emissions could still avoid a catastrophic outcome.


						
Scientists at PIK, the Norwegian research centre NORCE and Northumbria University in the United Kingdom conducted model simulations going back 800,000 years to give an extended view of how the vast Antarctic Ice Sheet has responded in the past to the Earth's climate as it moved between cold "glacial" and warmer "interglacial" periods.

"In the past 800,000 years, the Antarctic Ice Sheet has had two stable states that it has repeatedly tipped between. One, with the West Antarctic Ice Sheet in place, is the state we are currently in. The other state is where the West Antarctic Ice Sheet has collapsed," lead author David Chandler from NORCE commented.

The major driver of change between the two states is rising ocean temperatures around Antarctica, because the heat melting the ice in Antarctica is supplied mostly by the ocean, rather than the atmosphere. Once the ice sheet has tipped to the collapsed state, reversal back to the stable present-day state would need several thousands of years of temperatures at or below pre-industrial conditions.

"Once tipping has been triggered it is self-sustaining and seems very unlikely to be stopped before contributing to about four meters of sea-level rise. And this would be practically irreversible," Chandler said.

"It takes tens of thousands of years for an ice sheet to grow, but just decades to destabilise it by burning fossil fuels. Now we only have narrow window to act," said co-author Julius Garbe from PIK.
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First direct observation of the trapped waves that shook the world in 2023 | ScienceDaily
In September 2023, a bizarre global seismic signal was observed which appeared every 90 seconds over nine days -- and was then repeated a month later. Almost a year later, two scientific studies proposed that the cause of these seismic anomalies were two mega tsunamis which were triggered in a remote East Greenland fjord by two major landslides which occurred due to warming of an unnamed glacier. The waves were thought to have become trapped in the fjord system, forming standing waves (or seiches) that undulated back and forth, causing the mystery signals.


						
However, up to now no observations of these seiches existed to confirm this theory. Even a Danish military vessel which visited the fjord three days into the first seismic event did not observe the wave which was shaking the Earth.

In the new study, the Oxford researchers used novel analysis techniques to interpret satellite altimetry data. This measures the height of the Earth's surface (including the ocean) by recording how long it takes for a radar pulse to travel from a satellite to the surface and back again. Up to now, conventional satellite altimeters were not able to capture evidence of the wave due to long gaps between observations, and the fact that they sample data directly beneath the spacecraft, producing 1D profiles along the sea-surface. This makes them incapable of depicting the differences in water height needed to spot the waves.

This study used data captured by the new Surface Water Ocean Topography (SWOT) satellite, launched in December 2022 to map the height of water across 90% of Earth's surface. At the heart of SWOT is the cutting-edge Ka-band Radar Interferometer (KaRIn) instrument, which uses two antennas mounted on a 10-meter boom on either side of the satellite. These two antennas work together to triangulate the return signals that bounce back from the radar pulse -- enabling them to measure ocean and surface water levels with unprecedented accuracy (up to 2.5 meters resolution) along a swath 30 miles (50 kilometers) wide.

Using KaRIn data, the researchers made elevation maps of the Greenland Fjord at various time points following the two tsunamis. These showed clear, cross-channel slopes with height differences of up to two metres. Crucially, the slopes in these maps occurred in opposite directions, showing that water moved backwards and forwards across the channel.

To prove their theory, the researchers linked these observations to small movements of the Earth's crust measured thousands of kilometres away. This connection enabled them to reconstruct the characteristics of the wave, even for periods which the satellite did not observe. The researchers also reconstructed weather and tidal conditions to confirm that the observations could not have been caused by winds or tides.

Lead author Thomas Monahan (DPhil student, Department of Engineering Science, University of Oxford) said: "Climate change is giving rise to new, unseen extremes. These extremes are changing the fastest in remote areas, such as the Arctic, where our ability to measure them using physical sensors is limited. This study shows how we can leverage the next generation of satellite earth observation technologies to study these processes."

"SWOT is a game changer for studying oceanic processes in regions such as fjords which previous satellites struggled to see into."

Co-author Professor Thomas Adcock (Department of Engineering Science, University of Oxford) said: "This study is an example of how the next generation of satellite data can resolve phenomena that has remained a mystery in the past. We will be able to get new insights into ocean extremes such as tsunamis, storm surges, and freak waves. However, to get the most out of these data we will need to innovate and use both machine learning and our knowledge of ocean physics to interpret our new results."
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New mRNA vaccine is more effective and less costly to develop | ScienceDaily
A new type of mRNA vaccine is more scalable and adaptable to continuously evolving viruses such as SARS-CoV-2 and H5N1, according to a study by researchers at University of Pittsburgh School of Public Health and the Pennsylvania State University. The study was published today in npj Vaccines.


						
Though highly effective at inducing an immune response, current mRNA vaccines, such as those used to prevent COVID-19, present two significant challenges: the high amount of mRNA needed to produce them and the constantly evolving nature of the pathogen.

"The virus changes, moving the goal post, and updating the vaccine takes some time," said senior author Suresh Kuchipudi, Ph.D., chair of Infectious Diseases and Microbiology at Pitt Public Health.

To address these challenges, the researchers created a proof-of-concept COVID-19 vaccine using what's known as a"trans-amplifying" mRNA platform. In this approach, the mRNA is separated into two fragments -- the antigen sequence and the replicase sequence -- the latter of which can be produced in advance, saving crucial time in the event a new vaccine must be developed urgently and produced at scale.

Additionally, the researchers analyzed the spike-protein sequences of all known variants of the SARS-CoV-2 for commonalities, rendering what's known as a "consensus spike protein" as the basis for the vaccine's antigen.

In mice, the vaccine induced a robust immune response against many strains of SARS-CoV-2.

"This has the potential for more lasting immunity that would not require updating, because the vaccine has the potential to provide broad protection," said Kuchipudi. "Additionally, this format requires an mRNA dose 40 times less than conventional vaccines, so this new approach significantly reduces the overall cost of the vaccine."

The lessons learned from this study could inform more efficient vaccine development for other constantly evolving RNA viruses with pandemic potential, Kuchipudi said. "We hope to apply the principles of this lower-cost, broad-protection antigen design to pressing challenges like bird flu."

Other authors on the study were Abhinay Gontu, Padmaja Jakka, Ph.D., Maurice Byukusenge, D.V.M., Ph.D., D.A.C.V.M., Meera Surendran Nair, Bhushan M. Jayarao, M.V.Sc., Ph.D., M.P.H., Marco Archetti, Ph.D., and Ruth H. Nissly, Ph.D., all of Pennsylvania State University; and Sougat Misra, Ph.D., Shubhada K. Chothe, Ph.D., M.V.Sc., B.V.Sc., Santhamani Ramasamy, Ph.D., D.A.C.V.M., and Lindsey C. LaBella, all of Pitt.

This research was supported by chair funds from the Huck Institutes of the Life Sciences and Interdisciplinary Innovation Fellowship at the One Health Microbiome Center at Pennsylvania State University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250603114825.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



DNA floating in the air tracks wildlife, viruses -- even drugs | ScienceDaily
Dublin is known as a city where you can enjoy a few pints of Guiness, get a warm welcome from the locals and hear lively traditional music drifting out of pubs and into the city air.


						
But it's not just music floating on the breeze. The air of Dublin also contains cannabis, poppy, even magic mushrooms -- at least their DNA.

That's according to a new study that reveals the power of DNA, vacuumed up from the air, which can track everything from elusive bobcats to illicit drugs.

"The level of information that's available in environmental DNA is such that we're only starting to consider what the potential applications can be, from humans, to wildlife to other species that have implications for human health," said David Duffy, Ph.D., a professor of wildlife disease genomics at the University of Florida and lead author of a new study showing the widespread utility of DNA vacuumed from the air.

Housed at UF's Whitney Laboratory for Marine Bioscience, Duffy's lab developed new methods for deciphering environmental DNA, also known as eDNA, to study sea turtle genetics. They've expanded the tools to study every species -- including humans -- from DNA captured in environmental samples like water, soil and sand.

But these errant strands of DNA do not just settle into muddy soil or flow along rivers. The air itself is infused with genetic material. A simple air filter running for hours, days or weeks can pick up signs of nearly every species that grows or wanders nearby.

"When we started, it seemed like it would be hard to get intact large fragments of DNA from the air. But that's not the case. We're actually finding a lot of informative DNA," Duffy said. "That means you can study species without directly having to disturb them, without ever having to see them. It opens up huge possibilities to study all the species in an area simultaneously, from microbes and viruses all the way up to vertebrates like bobcats and humans, and everything in between."

As a proof of concept, the researchers showed that they could pick up signs of hundreds of different human pathogens from the Dublin air, including viruses and bacteria. Such surveillance could help scientists track emerging diseases. The same method can track common allergens, like peanut or pollen, more precisely than is currently possible, the scientists discovered.




In another test of the power of eDNA, Duffy's lab was also able to identify the origin of bobcats and spiders whose DNA was hoovered up from air in a Florida forest. With little more than an air filter, scientists could track endangered species and identify where they came from, all without having to lay eyes on skittish animals or root around forest floors for scat samples. When trying to save and conserve wildlife, knowing where an animal originates from can be as important as knowing where it currently is.

This powerful analysis was paired with impressive speed and efficiency. The team demonstrated that a single researcher could process DNA for every species in as little as a day using compact, affordable equipment, and software hosted in the cloud. That quick turnaround is orders of magnitude faster than would have been possible just a few years ago and opens up advanced environmental studies to more scientists around the world. The same tools can potentially identify sensitive human genetic data, which is why Duffy and his collaborators have called for ethical guardrails for the rapidly developing field of eDNA.

"It seems like science fiction, but it's becoming science fact," Duffy said. "The technology is finally matching the scale of environmental problems."
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Two plant species invent the same chemically complex and medically interesting substance | ScienceDaily
The elucidation of the biosynthetic pathway of ipecacuanha alkaloids shows how two distantly related plant species could develop the same substance independently.


						
Plants produce an enormous abundance of natural products. Many plant natural products are ancestry-specific and occur only in certain plant families, sometimes only in a single species. Interestingly, however, the same substances can sometimes be found in distantly related species. In most cases, however, only the end product is known and it is largely unclear how these substances are produced in plants. Ipecacuanha alkaloids occur in two distantly related plant species known as medicinal plants: in ipecac Carapichea ipecacuanha, which belongs to the gentian family, and in the sage-leaved alangium (Alangium salviifolium), which belongs to the dogwood family and is known from Ayurvedic medicine.

Earlier studies had already shown that both species produce ipecacuanha alkaloids. In particular, the extract of ipecac ("Ipecac syrup") was a widely used pharmacy-only medication until the 1980s (especially in North America), used to induce vomiting in cases of poisoning. The active emetic substances are cephaelin and emetine, both of which are derived from the precursor protoemetine, but it was largely unknown how they produce these. In only two small studies had some enzymes been identified in ipecac, but most of the enzymes were unknown and no enzymes were known at all in Alangium.

For Maite Colinas, first author of the study and project group leader in the Department of Natural Product Biosynthesis at the Max Planck Institute for Chemical Ecology, Jena, the key questions were: "The last common ancestor of these species lived more than 100 million years ago, so we hypothesized that the two species had independently developed ways to produce ipecac alkaloids. A key question was whether they had found the same or different pathways to produce these compounds, both chemically and enzymatically."

Initially, the team found that ipecac alkaloids are present to some extent in all plant tissues of both species, but much higher amounts occur in young leaf tissues and in underground plant organs. By comparing tissues with high and low levels of ipecac alkaloids, genes that could be involved in the biosynthesis were identified. Further tests and genetic transformation of a model plant allowed the stepwise reconstruction of the biosynthetic pathway in both species. The pathway held a few surprises in store; contrary to expectations, the first step in the biosynthesis does not appear to be controlled by an enzyme, but instead occurs spontaneously. Another surprise was the involvement of an unusual enzyme. Its three-dimensional structure was completely different from all other enzymes that catalyze the same reaction, namely the cleavage of a sugar molecule. "This class of enzymes is usually not involved in the production of natural products. This is probably also the reason why it was the last enzyme we identified in this study," reports Maite Colinas.

Interestingly, the sugar-cleaving enzyme was detected in the cell nucleus, while the substrate is thought to be located in the vacuole. After the sugar has been cleaved, the substances are highly reactive and thus likely to be toxic. By spatially separating the substrate and enzyme, the plant avoids the presumed toxic accumulation of these toxic compounds. However, if a herbivore, such as a caterpillar, eats from the plant, the cells are destroyed, enzyme and substrate come together and the toxic substances are only formed as defensive substances when they are needed. Similar defense systems with spatial separation of enzyme and substrate have already been described for other natural products, for example for glucosinolates, saponins or monoterpenoid indole alkaloids. Plants repeatedly use the same defense mechanisms and use chemically completely different compounds.

A comparison of the enzymes involved in the biosynthesis of the two plant species suggests that they have evolved the production of the same group of alkaloids independently of each other in the course of evolution. "Since the biosynthesis of ipecac alkaloids appears to have evolved independently, this pathway may serve as a model for research into the evolution of natural product pathways. Downstream metabolites, particularly in Alangium (e.g. tubulosin), also have interesting pharmacological effects, but their specific effects have not been well studied due to their low abundance. Therefore, our research could help to produces these substances in larger quantities in the future, so that their pharmacological activities can be investigated in more detail," explains Sarah O'Connor, head of the Department of Natural Product Biosynthesis at the MPI for Chemical Ecology, the significance of the study.

In further work, the final steps of the biosynthesis are to be elucidated, because so far, the entire metabolic pathway has only been demonstrated up to the central intermediate protoemetin, but the steps to the end products are still missing.
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Clinical research on psychedelics gets a boost from new study | ScienceDaily
As psychedelics gain traction as potential treatments for mental health disorders, an international study led by researchers at McGill University, Imperial College London, and the University of Exeter stands to improve the rigour and reliability of clinical research.


						
Up to now, psychedelic clinical trials have had what has been widely acknowledged as a critical flaw: the failure to properly account for how a person's mindset and surroundings influence the effects of psychedelics such as MDMA and psilocybin. This gap has led to inconsistent study results, making regulatory approval more difficult.

To address this, the researchers conducted a Delphi consensus study, bringing together 89 experts from 17 countries for a multi-round debate. The result is the Reporting of Setting in Psychedelic Clinical Trials (ReSPCT) guidelines, published in Nature Medicine, a 30-item checklist, representing the first global agreement on which psychosocial factors have the greatest impact on a psychedelic experience.

"For decades, we've known that psychedelics don't work in isolation. The person's mindset, the therapy room, even the music playing all influence outcomes," said co-lead author Chloe Pronovost-Morgan, a researcher at McGill University and Imperial College London. "Two trials using the same psychedelic drug, at the same dose, can produce completely different results depending on the environment."

This approach challenges the way psychoactive drugs are typically studied, where scientists try to control or eliminate outside variables to isolate a drug's effects. These guidelines recognize that context is crucial and should be studied directly.

Why guidelines matter

By offering a standard framework for evaluating and reporting these variables, the guidelines aim to make trial outcomes more consistent and comparable across studies.




Leor Roseman from the University of Exeter is co-senior author and said: "Having clear guidelines for contextual considerations is essential to understand the effects of psychedelics and how they work differently from other psychiatric medications. Our guidelines will also help in replicating results and understanding the true therapeutic potential of psychedelics."

The lack of standards has had consequences beyond the research lab, Pronovost-Morgan explained. The U.S. Food and Drug Administration recently rejected MDMA-assisted therapy for post-traumatic stress disorder, citing inconsistent reporting across trials as a key reason for the decision.

"There is immense public interest in psychedelic therapies, particularly for individuals suffering from debilitating mental health conditions like PTSD, depression and anxiety, which have not responded to existing treatments," said co-senior author Kyle Greenway, Assistant Professor in McGill's Division of Social and Transcultural Psychiatry and a researcher at the Lady Davis Institute for Medical Research.

"Our guidelines offer a new gold standard for psychedelic research, helping bring these treatments to those who need them most."

The research team is organizing a three-day workshop in October, funded by McGill's Healthy Brains, Healthy Lives initiative, where leading experts in psychedelics and neuroscience will discuss how the guidelines can be integrated into research and clinical practice.
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Baboons walk in line for friendship, not survival, new study finds | ScienceDaily
Researchers at Swansea University have discovered that baboons walk in lines, not for safety or strategy, but simply to stay close to their friends.


						
Baboons often travel in structured line formations known as 'progressions' as they move through their home range. Previous studies offered conflicting explanations for this behavior. Some proposed that the order was random, while others argued that baboons strategically positioned themselves, with vulnerable individuals walking in the center to reduce their risk of attack.

Now, using high-resolution GPS tracking, researchers from Swansea University have re-examined this behavior in a group of wild chacma baboons (Papio ursinus) on South Africa's Cape Peninsula. Their findings, published in the journal Behavioral Ecology, reveal that baboon movement patterns are driven by social bonds rather than survival strategies.

The team analysed 78 travel progressions over 36 days and showed that the order in which the individual baboons travelled were not random.

The researchers tested four potential explanations for the baboon progression order:
    	Protecting the vulnerable (risk hypothesis)
    	Competing for resources (competition hypothesis)
    	Following leaders (group decision-making hypothesis)
    	Patterns emerging from social relationships (social spandrel hypothesis)

After analysing the data, the researchers found that the baboons' movement patterns were driven solely by their social relationships.

Dr Andrew King, Associate Professor at Swansea University said: "Surprisingly, the consistent order we see for the baboons we studied isn't about avoiding danger like we see in prey animals when they position themselves in the middle of their social group, or for better access to food or water like we see in like we see in the movements of plains zebra. Instead, it's driven by who they're socially bonded with. They simply move with their friends, and this produces a consistent order.

"In the baboon group we studied, the more socially connected, higher-ranking individuals usually walk in the middle of the group, while lower-ranking baboons are often out in front or at the rear. During these group movements -- like heading to a familiar sleeping spot -- it's likely that the group already knows where they're going. So, the baboons at the front aren't really leading; they're just out ahead."

This finding introduces the concept of a 'social spandrel'. In buildings, spandrels are the triangular spaces that emerge as by-products when arches are placed side by side. In biology, a spandrel refers to a trait that arises not because it was directly selected for, but as a side effect of something else. In this case, the consistent travel patterns among baboons emerge naturally from their social affiliations with each other, and not as an evolved strategy for safety or success.

Marco Fele, the study's lead author and PhD student at Swansea University, said: "We know that strong social bonds are important for baboons -- they're linked to longer lives and greater reproductive success. But in this context, those bonds aren't serving a specific purpose. The travel order we see is simply a by-product of those relationships, not a strategy with immediate benefits. Our study highlights the potential for these kinds of spandrels in collective animal behaviour."
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Black holes could act as natural supercolliders -- and help uncover dark matter | ScienceDaily
As federal funding cuts impact decades of research, scientists could turn to black holes for cheaper, natural alternatives to expensive facilities searching for dark matter and similarly elusive particles that hold clues to the universe's deepest secrets, a new Johns Hopkins study of supermassive black holes suggests.


						
The findings could help complement multi-billion-dollar expenses and decades of construction needed for research complexes like Europe's Large Hadron Collider, the largest and highest-energy particle accelerator in the world.

"One of the great hopes for particle colliders like the Large Hadron Collider is that it will generate dark matter particles, but we haven't seen any evidence yet," said study co-author Joseph Silk, an astrophysics professor at Johns Hopkins University and the University of Oxford, UK. "That's why there are discussions underway to build a much more powerful version, a next-generation supercollider. But as we invest $30 billion and wait 40 years to build this supercollider -- nature may provide a glimpse of the future in super massive black holes."

The research appears today in Physical Review Letters.

Particle colliders smash protons and other subatomic particles into each other at nearly the speed of light, exposing the most fundamental aspects of matter. Subtle energy flashes and debris from the clash could reveal previously undiscovered particles, including potential candidates for dark matter, a critical but ghostly component of the universe that scientists have yet to detect. Facilities such as the Large Hadron Collider, a 17-mile circular tunnel, have also helped transform the internet, cancer therapy, and high-performance computing.

A black hole can spin around its axis like a planet, but with much greater strength because of its intense gravitational field. Scientists are increasingly discovering that some rapidly spinning massive black holes at the centers of galaxies release enormous outbursts of plasma, likely because of jets powered by energy from their spin and surrounding accretion disks. It's these events that could potentially generate the same results as human-made supercolliders, the new study shows.

"If supermassive black holes can generate these particles by high-energy proton collisions, then we might get a signal on Earth, some really high-energy particle passing rapidly through our detectors," said Silk, who is also a researcher at the Institute of Astrophysics in Paris and at the University of Oxford. "That would be the evidence for a novel particle collider within the most mysterious objects in the universe, attaining energies that would be unattainable in any terrestrial accelerator. We'd see something with a strange signature that conceivably provides evidence for dark matter, which is a bit more of a leap but it's possible."

The new study shows that plunging "gas flows" near a black hole can draw energy from its spin, becoming much more violent than scientists thought possible. Near a rapidly spinning black hole, these particles can chaotically collide. Although not identical, the process is similar to the collisions scientists create using intense magnetic fields to accelerate particles in the circular tunnel of a high-energy particle collider.




"Some particles from these collisions go down the throat of the black hole and disappear forever. But because of their energy and momentum, some also come out, and it's those that come out which are accelerated to unprecedentedly high energies," Silk said. "We figured out how energetic these beams of particles could be: as powerful as you get from a supercollider, or more. It's very hard to say what the limit is, but they certainly are up to the energy of the newest supercollider that we plan to build, so they could definitely give us complementary results."

To detect such high-energy particles, scientists could use observatories already tracking supernovae, massive black hole eruptions, and other cosmic events, Silk said. These include detectors like the IceCube Neutrino Observatory in the South Pole or the Kilometer Cube Neutrino Telescope, which recently detected the most energetic neutrino ever recorded under the Mediterranean Sea.

"The difference between a supercollider and a black hole is that black holes are far away," Silk said. "But nevertheless, these particles will get to us."

Dr. Andrew Mummery, a theoretical physicist at University of Oxford, is also an author of the study.
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Large-scale immunity profiling grants insights into flu virus evolution | ScienceDaily
A new study has shown that person-to-person variation in antibody immunity plays a key role in shaping which influenza (flu) strains dominate in a population.


						
The work, published today as a Reviewed Preprint in eLife, uses a high-throughput sequencing-based assay to quantify antibody immunity against circulating H3N2 flu strains in both children and adults. The editors describe this as an important study that advances our understanding of population-level immunity, and say that the strength of evidence is compelling. The work will be of interest to immunologists, virologists, vaccine developers and researchers working on mathematical modelling of infectious diseases.

Flu viruses accumulate mutations that help them evade antibodies generated by the immune system after prior infections or vaccinations. This process means that people can be reinfected with the flu multiple times in their lives, and vaccines must be regularly updated to remain effective. The human immune response to flu is shaped by a variety of factors, including the strains an individual has previously encountered.

"Differences in infection and vaccination histories within a group of people mean that population immunity to a specific variant of the flu is highly varied," says co-lead author Caroline Kikawa, an MD/PhD student in the Department of Genome Sciences, University of Washington, Seattle, USA, and the Division of Basic Sciences and Computational Biology Program, Fred Hutch Cancer Center, Seattle, USA. "Understanding how this variety in antibodies across a population affects the evolutionary success of new flu strains has remained challenging, in part because conventional methods to quantify antibody levels are too slow and can only assess a handful of samples at a time." Kikawa served as lead author of the study alongside Andrea Loes, Staff Scientist and Lab Manager at senior author Jesse Bloom's lab, Division of Basic Sciences and Computational Biology Program, Fred Hutch Cancer Center.

To address this challenge, Kikawa, Loes and colleagues developed a high-throughput neutralisation assay to measure how well individual serum samples - the component of blood that contains antibodies - can block infection by a panel of different flu viruses. High-throughput refers to the assay's ability to process large amounts of data simultaneously.

The team produced viruses expressing 78 distinct hemagglutinin (HA) proteins from 2023-circulating flu viruses and recent vaccine strains, and tagged each one with a unique genetic 'barcode'. HA proteins are a part of the virus recognised by antibodies, and can rapidly change to evade the immune response. The team mixed these viruses with sera and used a technique called Illumina sequencing to quantify how well each virus was neutralised.

Using this approach, the researchers measured neutralisation titers - a measurement of how much serum is needed to neutralise the virus - against the 78 flu variants using 150 serum samples, from children and adults, collected in 2023 in the US. In total, they generated over 11,000 individual titer measurements, creating a detailed snapshot of population immunity at the start of the 2023-2024 flu season.




The results showed wide variation in neutralisation responses between individuals. For example, some of the sera collected from children strongly neutralised nearly all tested strains, while others had a much weaker response. Adults generally showed more consistent immunity, but still displayed considerable variation individually. Overall, the highest rates of neutralisation responses were found in a subset of children, consistent with the idea that neutralising antibody responses are highest to strains encountered during the first decades of life. It could also be that children are more prone to flu and could therefore be more likely to have recent immunological boosting. These findings highlight that immunity to the flu is highly personalised.

To evaluate how this variation affects virus evolution, the researchers compared neutralisation titers with the growth rates of each viral strain during the 2023 flu season. They used a statistical model called multinomial logistic regression to analyse how the frequency of each strain changed over time in the human population, and compared this to the fraction of serum samples that had low neutralisation titers against each strain.

They found that the strains that spread most successfully were those that escaped neutralisation in a larger fraction of the sera. Specifically, strains were more likely to grow in frequency when a high percentage of individuals had titers below a threshold, indicating weaker immunity against that strain. This suggests that large-scale sequencing-based neutralisation assays can help inform our understanding of flu virus evolution.

This relationship held when neutralisation was measured using individual sera, but not when the sera were pooled together. In some virus surveillance systems, pooled serum samples are used to estimate population immunity. However, this finding suggests that pooled measurements may fail to capture the full range of responses seen in individuals.

"Our findings show that individual-level immune variation, not just average immunity across the population, is a key factor in determining which flu strains are most successful," says Loes.

While the study involved a large number of titer measurements, the authors note that the samples were collected from a limited set of locations and age groups. Most child samples came from a hospital in Seattle, while adult samples were drawn from vaccinated cohorts in Philadelphia and Australia. As a result, the dataset may not fully reflect global patterns of immunity.

"This is nevertheless one of the largest datasets linking human antibody immunity to the success of flu virus strains in a population," says senior author and HHMI Investigator Jesse Bloom, Professor in the Basic Sciences Division and Herbold Computational Biology Program at Fred Hutch Cancer Center, and Affiliate Professor of Genome Sciences at the University of Washington. "It provides a framework for understanding how diverse immune histories can affect viral evolution. These methods could complement existing surveillance systems and support vaccine composition decisions by providing more detailed insights into population immunity."
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Particles energized by magnetic reconnection in the nascent solar wind | ScienceDaily
New research led by a Southwest Research Institute scientist identified a new source of energetic particles near the Sun. These definitive observations were made by instruments aboard NASA's Parker Solar Probe, which detected the powerful phenomena as the spacecraft dipped in and out of the solar corona.


						
These new results offer fresh perspectives on how magnetic reconnection could heat the solar atmosphere, which then transitions into the solar wind, and also how solar flares accelerate a small fraction of charged particles to near-relativistic speeds.

"Through the SwRI-led Magnetospheric Multiscale mission, scientists made the first direct detection of the source of magnetic reconnection near Earth, observing how this explosive physical process converts stored magnetic energy into kinetic energy and heat," said SwRI's Dr. Mihir Desai, lead author of a new paper about this research. "Now Parker has made direct observations of how magnetic reconnection at the heliospheric current sheet (HCS), where the interplanetary field reverses its polarity, energizes charged particles to extremely high energies."

As Parker crossed the HCS, scientists discovered a sunward-directed reconnection jet and sunward-propagating highly energetic protons, establishing their origin from HCS reconnection sites and not from unrelated processes at the Sun. Within the core of the reconnection exhaust, Parker detected trapped energetic protons a thousand times greater than the available magnetic energy per particle.

"These findings indicate that magnetic reconnection in the HCS is an important source of energetic particles in the near-Sun solar wind," Desai said. "Everywhere there are magnetic fields there will be magnetic reconnection. But the Sun's magnetic fields are much stronger near the star, so there's a lot more stored energy to be released."

Magnetic reconnection -- when magnetic field lines converge, break apart and reconnect in an explosive physical process -- energizes particles and generates high-speed flows. At the heart of space weather, reconnection is responsible for powerful solar events, such as solar flares and coronal mass ejections (CMEs), and drives disturbances in Earth's space environment. Such disturbances produce spectacular auroras but can also shut down electrical power grids and disrupt satellite-based communication and navigation systems.

"Reports from the American Meteorological Society indicated that the powerful solar events in May 2024 wreaked havoc with farmers when extreme geomagnetic storms disrupted the precise GPS-guided navigation systems used to plant, fertilize and harvest rows of seeds, causing an estimated loss of up to $500 million in earning potential," Desai said. "Parker's access to this new data is critical, particularly as we remain in the midst of a very active solar cycle."

Parker was able to make these measurements due to its record-breaking proximity to the Sun, flying through its corona up to three times a year. Of particular interest is understanding how the Sun's atmosphere heats up and accelerates the solar wind. Understanding these processes can also help scientists develop ways to predict and mitigate the effects of solar flares and CMEs, as well as provide new insights for laboratory fusion research.

The Parker Solar Probe was developed as part of NASA's Living With a Star program to explore aspects of the Sun-Earth system that directly affect life and society. The Living With a Star program is managed by the agency's Goddard Space Flight Center in Greenbelt, Maryland, for NASA's Science Mission Directorate in Washington. The Johns Hopkins University Applied Physics Laboratory designed, built and operates the spacecraft and manages the mission for NASA.
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Early driver of prostate cancer aggressiveness | ScienceDaily
Researchers at the University of Michigan Rogel Cancer Center identified a gene that plays a key role in prostate cancer cells that have transitioned to a more aggressive, treatment-resistant form. The gene can be indirectly targeted with an existing class of drugs, suggesting a potential treatment strategy for patients with aggressive subtypes of prostate cancer.


						
"Patients whose prostate tumors lose reliance on the androgen receptor do poorly. Our results suggest a therapeutic approach for patients whose tumors have undergone that shift," said senior study author Joshi J. Alumkal, M.D., the Wicha Family Professor of Oncology at the University of Michigan Rogel Cancer Center.

The work advances earlier studies that found prostate cancer cells undergo a process called lineage plasticity, in which they become resistant to targeting the androgen receptor, a key target in prostate cancer. This transition away from dependence on the androgen receptor is a continuum with cancer cells taking on alternate identities from what is typical in most prostate cancers that rely on the androgen receptor.

In this new study, led by Zhi Duan, Ph.D., and published in the Journal of Clinical Investigation, the team examined which factors might be causing this transition to occur. They identified the gene PROX1, which plays a role in dictating cell identity in both normal cells and cancer cells. The team found that as prostate cancer cells transition to an alternate identity, PROX1 becomes more highly expressed.

Their studies implicating PROX1 began by examining patient tumor biopsies that had undergone lineage plasticity. PROX1 was the top upregulated gene. By examining hundreds of patient tumors along the continuum of lineage plasticity, they confirmed PROX1 as an early marker of lineage plasticity. Indeed, they found that tumors with low activity of the androgen receptor (called double-negative prostate cancer) in addition to tumors that completely lose expression of the androgen receptor (called neuroendocrine prostate cancer) turn on PROX1.

In additional experiments, the team showed PROX1 expression was inversely correlated with androgen receptor expression in prostate cancer patient tumor datasets. Adding PROX1 to prostate cancer cells also turned off the androgen receptor.

"We think PROX1 is regulating the androgen receptor. It may be one explanation for why the androgen receptor gets turned off when tumors undergo lineage plasticity and transition away from the typical glandular prostate cancer identity," Alumkal said.




Next, the team eliminated PROX1 expression with genetic methods in both double-negative prostate cancer and neuroendocrine prostate cancer cells. The cells then stopped growing and began to die, suggesting that targeting PROX1 could be an effective way to control these tumors.

One challenge is that PROX1 is a transcription factor, meaning its function to turn on genes, and this type of protein is notoriously difficult to target with drugs. Looking for a workaround, the team turned to the company PROX1 keeps.

"We examined the proteins that bind to PROX1. Among the top partners were histone deacetylases, or HDACs. We felt like this was guilt by association. We hypothesized that HDACs might cooperate with PROX1 and that targeting HDACs might be like targeting PROX1," Alumkal said.

HDACs are already known to play a role in cancer, and several HDAC inhibitors have been approved by the U.S. Food and Drug Administration for other cancers other than prostate.

The team found that PROX1-expressing prostate cancer cells were very sensitive to HDAC inhibitors and treatment with these drugs depleted PROX1 protein. As PROX1 expression decreased, the tumor cells died. The impact was similar to when the team genetically removed PROX1 from the cells.

"Our work implicates PROX1 as an important early driver away from androgen receptor dependence. HDAC inhibitors can block PROX1 and reduce survival of aggressive prostate tumor models that have transitioned away from androgen receptor reliance. Our results suggest this class of drugs should be prioritized for clinical trials in patients who have aggressive prostate cancer subtypes, for which there are few treatment options," Alumkal said.

Additional authors: Mingchen Shi, Anbarasu Kumaraswamy, Dong Lin, Dhruv Khokhani, Yong Wang, Chao Zhang, Fiana Flores, Eva Rodansky, Olivia A. Swaim, William K. Storck, Hannah Beck, Radhika A. Patel, Erolcan Sayar, Brian P. Hanratty, Hui Xue, Xin Dong, Zoe R. Maylin, Rensheng Wan, David A. Quigley, Martin Sjostrom, Ya-Mei Hu, Faming Zhao, Zheng Xia, Siyuan Cheng, Xiuping Yu, Felix Y. Feng, Li Zhang, Rahul Aggarwal, Eric J. Small, Visweswaran Ravikumar, Arvind Rao, Karan Bedi, John K. Lee, Colm Morrissey, Ilsa Coleman, Peter S. Nelson, Eva Corey, Aaron Udager, Ryan Rebernick, Marcin P. Cieslik, Arul M. Chinnaiyan, Joel A. Yates, Michael C. Haffner, Yuzhuo Wang

Funding for this work is from National Institutes of Health grants CA251245, CA282005, CA186786, P30CA046592, T90DE030859, GM147365, CA214955-01A1, CA274336, P50CA97186, CA163227; U.S. Department of Defense grants W81XWH-22-1-0833, HT94252410252, W81XWH2110539; Joint Institute for Cancer Research, Prostate Cancer Foundation, Canadian Institutes of Health Research, Terry Fox Research Institute, Canadian Cancer Society, BC Cancer Foundation, Smith Family Scholar Award, Sheppard Family Foundation, Benioff Initiative for Prostate Cancer Research, Silver Family Innovation Foundation, National Science Foundation grant 2152776, Institute for Prostate Cancer Research
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Record high: Study finds growing cannabis use among older adults | ScienceDaily
Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to an analysis led by researchers with the Center for Drug Use and HIV/HCV Research (CDUHR) at the NYU School of Global Public Health.


						
Their findings, published in JAMA Internal Medicine, also show that the profile of those who use cannabis has changed in recent years, with pronounced increases in use by older adults who are college-educated, married, female, and have higher incomes.

"Our study shows that cannabis use among older adults continues to increase, although there have been major shifts in use according to demographic and socioeconomic factors," said Joseph Palamar, PhD, MPH, an associate professor of population health at NYU Grossman School of Medicine, an affiliated researcher with CDUHR, and the study's senior author.

Most Americans live in a state where marijuana has been legalized for medical use, recreational use, or both. To better understand the prevalence of marijuana use among older adults in the US, researchers examined data from the National Survey on Drug Use and Health from 2021 through 2023. The respondents, who were 65 and older, were asked about past-month cannabis use, which was defined as "current" use.

"This is the first time we were able to examine 'current' use of cannabis in this age group. Before, we were only able to look at past-year use because the numbers for current use were too small," said Benjamin Han, MD, MPH, associate professor and associate chief of research in the Division of Geriatrics, Gerontology, and Palliative Care at the University of California San Diego and the study's first author.

The researchers found that current cannabis use among older adults grew to 7 percent in 2023, up from 4.8 percent in 2021 and 5.2 percent in 2022 -- a nearly 46 percent increase in only two years.

"If we look even further back to 2006 and 2007, less than 1 percent of older adults used cannabis in the past year. Now, we're seeing that 7 percent have used it in the past month alone," said Han, an affiliated researcher with CDUHR.




Certain groups of older adults experienced sharper increases in use over this period than others, including those who are married, white, have a college degree, and have an income of at least $75,000. Older women also saw a steep increase in cannabis use, although older men are still more likely than women to use the drug.

In addition, cannabis use grew more among those living in states where medical marijuana is legal versus states where it is not.

"It shouldn't be surprising that use is becoming increasingly more common among people who live in states that allow medical cannabis, which could be due to increased availability or social acceptability," said Palamar. "Interestingly, with respect to income, those with the highest incomes had the lowest prevalence of cannabis use in 2021, but by 2023 this group had the highest prevalence, which may indicate who has access to medical cannabis given its costs."

The researchers also found significant increases in cannabis use by older adults with chronic diseases -- and notably, those with multiple chronic conditions -- including heart issues, diabetes, hypertension, cancer, and chronic pulmonary obstructive disease.

The authors caution that the overall increases may be driven, in part, by those who use cannabis aging into the 65+ age bracket for the period studied. Regardless, they recommend that clinicians screen and educate their older patients about cannabis use, including how physiological changes that accompany aging can make people more sensitive to psychoactive substances.

"As a geriatrician, I see more and more people interested in using cannabis for treating chronic health symptoms. But cannabis can complicate the management of chronic diseases and be potentially harmful if patients are not educated on its use and potential risks," said Han.

Kevin H. Yang of UC San Diego and Charles Cleland of NYU Grossman School of Medicine were also co-authors on the study. The research was supported by the National Institute on Drug Abuse (K23DA043651, R21DA058404, R21DA060362, R01DA057289, R01DA060207, and P30DA01104) and the UC San Diego Sam and Rose Stein Institute for Research on Aging.
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Researchers develop recyclable, healable electronics | ScienceDaily
Between upgrades and breakdowns to cellphones, tablets, laptops, and appliances, so many electronics are getting tossed in the trash that they've taken on a name of their own: e-waste.


						
According to a 2024 report issued by the United Nations, the amount of e-waste worldwide has almost doubled in the past 12 years, from 34 billion to 62 billion kilograms -- the equivalent of 1.55 million shipping trucks -- and it's estimated to hit 82 billion kilograms by 2030. Just 13.8 billion kilograms -- about 20 percent of the total -- is expected to be recycled, a number projected to remain flat.

Put simply, we're throwing away more and more electronics, and recycling isn't keeping up. But a new study in Advanced Materials by two Virginia Tech research teams offers a potential solution to the e-waste problem: a recyclable material that could make electronics easier to break down and reuse.

Chemistry and engineering have an answer

Michael Bartlett, associate professor of mechanical engineering, and Josh Worch, assistant professor of chemistry, come from different fields, but together they created a new class of circuit materials. With significant work from their team of postdoctoral and graduate student researchers, including Dong Hae Ho, Meng Jiang, and Ravi Tutika, the new circuits are recyclable, electrically conductive, reconfigurable, and self-healing after damage. Yet they retain the strength and durability of traditional circuit board plastics -- features rarely found together in a single material.

The new material starts with a vitrimer, a dynamic polymer that can be reshaped and recycled. This versatile material is combined with droplets of liquid metal that do the work of carrying the electric current, the way rigid metals do in a traditional circuit.

This is a fundamentally different approach from other recyclable or flexible electronics. By combining the high-performance, adaptable polymers with electrically conductive liquid metals, the new circuit holds up under a host of challenges.




"Our material is unlike conventional electronic composites," said Bartlett. "The circuit boards are remarkably resilient and functional. Even under mechanical deformation or damage, they still work."

A second life

Recycling traditional circuit boards involves several energy-intensive deconstruction steps and still yields large amounts of waste. Billions of dollars of valuable metal components are lost in the process.

Recycling the team's circuit board is straightforward and can be accomplished in multiple ways.

"Traditional circuit boards are made from permanent thermosets that are incredibly difficult to recycle," said Worch. "Here, our dynamic composite material can be healed or reshaped if damaged by applying heat, and the electrical performance will not suffer. Modern circuit boards simply cannot do this."

The vitrimer circuit boards also can be deconstructed at their end of life using alkaline hydrolysis, enabling recovery of key components such as the liquid metal and LEDs. Fully reusing all components of the conductive composites in a closed-loop process remains a goal for future research.

While it may not be possible to curb the amount of electronics that are discarded by the world's consumers, this work represents a key step toward keeping more electronics out of landfills.

This research was supported by Virginia Tech through the Institute for Critical Technology and Applied Science and Bartlett's National Science Foundation Early Faculty Career Development (CAREER) award.
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Preventing chronic inflammation from turning into cancer | ScienceDaily
Chronic inflammatory bowel disease is challenging to treat and carries a risk of complications, including the development of bowel cancer. Young people are particularly affected: when genetic predisposition and certain factors coincide, diseases such as ulcerative colitis or Crohn's disease usually manifest between the ages of 15 and 29 -- a critical period for education and early career development. Prompt diagnosis and treatment are crucial. Researchers at Charite -- Universitatsmedizin Berlin have now discovered a therapeutic target that significantly contributes to halting the ongoing inflammatory processes. Their findings are published in the current issue of the journal Nature Immunology.


						
Sometimes gradually, sometimes in flare-ups -- accompanied by severe abdominal cramps, diarrhea, weight loss, fatigue and a high level of emotional stress -- this is how the two most common chronic inflammatory bowel diseases, Crohn's disease and ulcerative colitis, often begin. While ulcerative colitis only affects the inner lining of the large intestine, Crohn's disease can involve the entire thickness of the intestinal wall, most commonly in the small intestine, but sometimes also the stomach and esophagus. Ongoing inflammation can cause lasting tissue damage and increase the risk of cancer. While traditional treatments aim to suppress the immune system as a whole, newer therapies are more targeted: they interrupt the inflammatory process by blocking specific messenger substances that drive inflammation in the body.

The exact causes of severe systemic diseases are still not fully understood to this day. In addition to genetic factors, environmental influences are also believed to play an important role in their development. Prof. Ahmed Hegazy has been studying inflammatory processes in the gut and the immune system's defense mechanisms at Charite's Department of Gastroenterology, Infectiology and Rheumatology for several years. Together with his team, he has now succeeded in identifying the interaction between two messenger substances of the immune system as the driving force behind chronic intestinal inflammation: Interleukin-22, a protein that supports the cells lining the inside of the gut and helps maintain the protective barrier, and oncostatin M, a signaling molecule that plays a significant role in tissue repair and cell differentiation.

Uncontrolled chain reaction

"At the clinic, we mainly see young patients who just beginning their professional lives. So far, we have only been able to slow down the progression of the disease and alleviate symptoms. But not all patients respond well to existing treatments, so new therapeutic approaches are urgently needed," says Ahmed Hegazy. In previous work, the research team closely examined the effects of oncostatin M, an inflammation-promoting messenger molecule. This protein, produced by certain immune cells, activates other inflammatory factors -- setting off a chain reaction that triggers an excessive immune response. "It was especially interesting for us to see that patients with high levels of oncostatin M do not respond to several common therapies," Ahmed Hegazy explains. "This means that Oncostatin M levels could help predict treatment failure and may serve as a biomarker for more severe disease. That's exactly where we focused our efforts: we wanted to understand this signaling pathway better and find ways to block it with targeted treatments."

The research team spent five years uncovering how the immune messenger oncostatin M triggers inflammatory responses. They began by using animal models, and later studies tissue samples from patients, to examine the different stages of chronic intestinal diseases, State-of-the-art single-cell sequencing showed that -- compared to healthy tissue -- a much larger number of unexpected cell types in the inflamed gut have binding sites (receptors) for oncostatin M. At the same time, additional immune cells start producing the inflammatory protein. Interestingly, interleukin-22, which normally protects tissue, also makes the gut lining more sensitive to oncostatin M by increasing the number of its receptors. "These two immune messengers work together and amplify the inflammation, drawing more immune cells into the intestine, like a fire that keeps getting more fuel and spreads," as Ahmed Hegazy relates. "In our models, we specifically blocked the binding sites for oncostatin M and saw a clear reduction in both chronic inflammation and the associated of cancer."

Targeted therapy for high-risk patients in sight

The researchers found a particularly high number of receptors for the messenger molecule oncostatin M around the tumors in tissue samples from patients with colorectal cancer caused by chronic intestinal inflammation -- but not in the surrounding healthy tissue. This observation suggests that this signaling pathway may help promote cancer development. However, chronic inflammation does not always lead to bowel cancer, and not every patient is affected in the same way. "Chronic inflammatory bowel diseases are highly complex and differ from person to person. That's exactly what makes them so difficult to treat and predict treatment," says Prof. Britta Siegmund, Director of the Clinic for Gastroenterology, Infectiology and Rheumatology. "Thanks to the role of oncostatin M and its amplifying interaction with interleukin-22, which we have now identified, we have a clearer understanding of what drives chronic inflammation in some patients. This opens up the door to developing and testing a new therapeutic approach."

The team's experimental findings may soon translate into a real-world therapy: by specifically disrupting the harmful interaction between the immune messengers interleukin-22 and oncostatin M. "Our results provide a strong scientific basis for developing targeted treatments against this inflammation-promoting mechanism in chronic inflammatory bowel disease -- particularly in patients with more severe forms of the illness," explains Ahmed Hegazy. A clinical trial is already underway to test an antibody that blocks the receptors for Oncostatin M.
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Geological time capsule highlights Great Barrier Reef's resilience | ScienceDaily
New research led by the University of Sydney adds to our understanding of how rapidly rising sea levels due to climate change foreshadow the end of the Great Barrier Reef as we know it.


						
The findings suggest the reef can withstand rising sea levels in isolation but is vulnerable to associated environmental stressors arising from global climate change.

Led by Professor Jody Webster from the School of Geosciences, the research was published today in Nature Communications. It draws from a geological time capsule of fossil reef cores, extracted from the seabed under the Great Barrier Reef.

The findings suggest rapid sea level rise in isolation did not spell the end of the reef's predecessor, Reef 4. Rather, associated environmental stressors like poor water quality and warming climates led, in combination, to its demise about 10,000 years ago (towards the end of the last ice age).

The ensuing one to two thousand years saw Reef 4 transition. Its shallow reef ecosystem moved landward to reestablish itself as the Great Barrier Reef we know today.

"This research shows us a healthy, active barrier reef can grow well in response to quite fast sea level rises," said Professor Webster. "It's the combination of additional environmental stressors, on top of rapid sea level rise, that lead to its demise.

The findings lend weight to already grave concerns about the Great Barrier Reef.




"The modern reef faces rising sea levels, more heat waves and extensive bleaching, along with increasing sediment and nutrient input. This combination, on top of rising sea levels, is of deep concern. If the current trajectory continues, we should be concerned about whether the Great Barrier Reef will survive the next 50 to 100 years in its current state.

"It won't die but its characteristics may change. We will see a different collection of coral species, perhaps simpler and not as structurally complex."

Learning from the 'proto-Great Barrier Reef'

The 15 to 20-metre cores underpinning this research comprise a mix of fossil coral, algae and sediments. They reveal how the reef's previous incarnations responded to rapid sea level rise. The cores analysed for this research focus on how the reef ecosystem evolved between 13,000 to 10,000 years ago.

Of particular interest to Professor Webster's team was the period known as Meltwater pulse 1B, between 11,450 and 11,100 years ago, when sea levels rose very rapidly.

"This 350-year period is crucial; it covers a time when global sea levels rose very rapidly," Professor Webster said. "It's a period when polar ice sheets are thought to have experienced accelerated melting due to warming temperatures. Based on records from Barbados, we previously thought sea levels were rising by about 40 millimetres a year at this time.




"Our research shows the rise wasn't so large and fast. It was more likely to have been in the order of three to five millimetres a year, comparable to what we're experiencing today."

Extracted by a drilling ship from beneath the Great Barrier Reef's shelf edge at a depth of 40 to 50 metres, the cores offered new insight into how Reef 4, also known as the proto-Great Barrier Reef, was impacted by rising sea levels.

"Reef 4 is very exciting," Professor Webster said. "It had a similar morphology and mix of coral reef communities to the modern Great Barrier Reef. The types of algae and corals, and their growth rates, are comparable.

"Understanding the environmental changes that influenced it, and led to its ultimate demise, therefore offers clues on what might happen to the modern reef."

Professor Webster and colleagues used radiometric dating and reef habitat information to accurately pinpoint core samples pertaining to Meltwater pulse 1B.

The cores underpinning this research were obtained under the International Ocean Discovery Program International Ocean Drilling Program (IODP), an international marine research collaboration involving 21 nations.

Professor Webster said his latest research highlights the importance of IODP and shows the value of these records, obtained by drilling deep beneath the seabed. They provide paleoclimate and paleoenvironmental data, going far further back in time than instrumental records which go back only 50 to 100 years.

"These data allow us to more precisely understand how reef and coastal ecosystems have responded to rapid environmental changes, like the rises in sea level and temperature we face today."

Professor Webster completed this research in collaboration with colleagues from the University of Tokyo, Australian National University, Nagoya University, the University of Granada and Aix-Marseille University.
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Ultra-thin lenses that make infrared light visible | ScienceDaily
Lenses are the most widely used optical devices. Camera lens or objectives, for example, produce a sharp photo or video by directing light at a focal point. The speed of evolution made in the field of optics in recent decades is exemplified by the transformation of conventional bulky cameras into today's compact smartphone cameras.


						
Even high-performance smartphone cameras still require a stack of lenses that often account for the thickest part of the phone. This size constraint is an inherent feature of classic lens design -- a thick lens is crucial for bending light to capture a sharp image on the camera sensor.

Major strides in the field of optics over the past ten years have sought to overcome this limitation and have come up with a solution in the form of metalenses. They are flat, perform in the same way as normal lenses and are not only 40 times thinner than an average human hair but also lightweight as they do not need to be made of glass.

A special metasurface composed of structures a mere hundred nanometres in width and height (one nanometre is one billionth of a metre) modifies the direction of light. Using such nanostructures researchers can radically reduce the size of a lens and make it more compact.

When combined with special materials, these nanostructures can be used to explore other unusual properties of light. One example is nonlinear optics, where light is converted from one colour into another. A green laser pen works according to this principle: infrared light goes through a high-quality crystalline material and generates light of half the wavelength -- in this case green light. One well-known material that produces such effects is lithium niobate. This is used in the telecommunications industry to create components that interface electronics with optical fibres.

Rachel Grange, a professor at the Institute for Quantum Electronics at ETH Zurich, conducts research into the fabrication of nanostructures with such materials. She and her team have developed a new process that allows lithium niobate to be used to create metalenses. The study has recently been published in the journal Advanced Materials.

For her new method, the physicist combines chemical synthesis with precision nanoengineering. "The solution containing the precursors for lithium niobate crystals can be stamped while still in a liquid state. It works in a similar way to Gutenberg's printing press," co-first author Ulle-Linda Talts, a doctoral student working with Rachel Grange, explains. Once the material is heated to 600degC, it takes on crystalline properties that enable the conversion of light as in the case of the green laser pen.




The process has several advantages. Producing lithium niobate nanostructures is difficult using conventional methods as it is exceptionally stable and hard. According to the researchers, this technique is suitable for mass production as an inverse mould can be used multiple times, allowing the printing of as many metalenses as needed. It is also much more cost-effective and faster to fabricate than other lithium niobate miniaturised optical devices.

Ultra-thin lenses that generate new light

Using this technique, the ETH researchers in Grange's group succeeded in creating the first lithium niobate metalenses with precisely engineered nanostructures. While functioning as normal light focusing lenses, these devices can simultaneously change the wavelength of laser light. When infrared light with a wavelength of 800 nanometres is sent through the metalens, visible radiation with a wavelength of 400 nanometres emerges on the other side and is directed at a designated point.

This magic of light conversion, as Rachel Grange calls it, is only made possible by the special structure of the ultra-thin metalens and its composition of a material that allows the occurrence of what is known as the nonlinear optical effect. This effect is not limited to a defined laser wavelength, making the process highly versatile in a broad range of applications.

From counterfeit-proof banknotes to next-generation microscopy tools

Metalenses and similar hologram-generating nanostructures could be used as security features to render banknotes and securities counterfeit-proof and to guarantee the authenticity of artworks. Their exact structures are too small to be seen using visible light, while their nonlinear material properties allow highly reliable authentication.

Researchers can also use simple camera detectors to convert and steer the emission of laser light to make infrared light -- in sensors, for example -- visible. Or for reducing the equipment needed for deep-UV light patterning in state-of-the-art electronics fabrication.

The field of such ultra-thin optical elements -- known as metasurfaces -- is a relatively young branch of research at the interface between physics, materials science and chemistry. "We have only scratched the surface so far and are very excited to see how much of an impact this type of new cost-effective technology will have in the future," emphasises Grange.
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Combination therapy can prolong life in severe heart disease | ScienceDaily
Aortic valve narrowing (aortic stenosis) with concomitant cardiac amyloidosis is a severe heart disease of old age that is associated with a high risk of death. Until now, treatment has consisted of valve replacement, while the deposits in the heart muscle, known as amyloidosis, often remain untreated. An international research consortium led by MedUni Vienna and University College London has now been able to demonstrate for the first time that combined treatment consisting of heart valve replacement and specific drug therapy offers a significant survival advantage for patients. The study results have been published in the European Heart Journal.


						
As part of the study conducted by the research team led by Christian Nitsche (Department of Medicine II, Clinical Division of Cardiology, MedUni Vienna) and Thomas Treibel (Department of Cardiovascular Imaging, University College London), data from 226 patients with aortic stenosis and concomitant cardiac amyloidosis from ten countries were examined. Aortic stenosis is a narrowing of the heart valve that directs blood from the left ventricle into the bloodstream. In cardiac amyloidosis, misfolded proteins are deposited in the heart muscle. Both diseases occur in older people and often together. Until now, it was unclear whether treating amyloidosis in addition to valve surgery would benefit patients.

The analysis now published showed that both aortic valve replacement and treatment with the drug tafamidis for amyloidosis were associated with a significantly lower risk of death. The survival benefit was highest in patients who received both forms of treatment. "Our results even show that patients with both conditions who received valve replacement and specific amyloidosis therapy had similar long-term survival rates to people with aortic stenosis without amyloidosis," emphasises study leader Christian Nitsche.

Targeted tests necessary

Both aortic stenosis and cardiac amyloidosis impair the heart's pumping function and can lead to death if left untreated. Targeted therapy can slow the progression of amyloidosis, while valve replacement treats the mechanical stress caused by the narrowed heart valve. Around ten percent of patients with aortic stenosis also have amyloidosis, but this is often not diagnosed in everyday clinical practice. "Our findings also suggest that patients with severe aortic valve stenosis should be screened for amyloidosis so that we can offer them targeted life-prolonging treatment options," emphasises Christian Nitsche.
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The sweet spot: sugar-based sensors to revolutionize snake venom detection | ScienceDaily
Every five minutes, 50 people are bitten by a snake worldwide; four will be permanently disabled and one will die. In the time-critical situation following a bite, identifying the snake venom making its way through your system is vital to saving lives and providing the best treatment.


						
Most approaches to diagnose and treat snake venom, a WHO neglected tropical disease, rely on antibodies. Antibody assays have several challenges associated with them, including high costs, lengthy procedures, and inconsistencies, and yet there are not robust, low-cost, and widely available alternatives to antibody-based approaches.

In this new research paper, published in ACS Biomacromolecules, Warwick researchers have shown the first proof of concept for a cheap and rapid alternative -- a glycopolymer-based ultraviolet-visible (UV-vis) test to detect snake venom. They showcase a version of this diagnostic assay in the paper that specifically detects Western Diamondback Rattlesnake (Crotalus atrox) venom.

Dr. Alex Baker, Assistant Professor at Warwick, lead researcher of the Baker Humanitarian Chemistry Group and senior author of the paper said: "Snake venoms are complex and detecting the toxins at work is challenging but essential to save lives. We've produced an assay using synthetic sugars that mimic the sugars in our bodies that the toxins naturally bind to and an amplification system that makes this rapid test visible. This method lays the foundations for the rapid and cheap detection of snakebite beyond antibody-based techniques, potentially improving improve patient outcomes."

Western Diamondback Rattlesnake venom has evolved to bind to specific sugar molecules on the surface of cells in the body, such as red blood cells and platelets. Specifically, the toxin binds to galactose-terminal glycans (sugar chains ending in galactose). Binding to these glycans allows the venom to disrupt blood clotting or interfere with the immune responses leading to disability and death.

To create the venom assay for Crotalus atrox venom, the team engineered synthetic chains of sugar-like units (glycopolymers), to mimic the natural sugar receptors targeted by venom proteins. The synthetic sugars were attached to gold nanoparticles to amplify the response and make the reaction visible, creating a test that changes colour when venom toxins bind to the synthetic sugars.

Mahdi Hezwani, first author and alumni of Dr Baker's research group said: "This assay could be a real game-changer for snake envenomation. Venoms from other snake species do not interact with glycans in the body. For example, when we tested venom from the Indian Cobra (Naja naja) we did not see binding to the synthetic glycans that bind to C.atrox venom. Hence this assay shows promise to be able to distinguish between different snake venoms based on their sugar-binding properties."

This is the first example of a diagnosis test using sugars for detecting snake venom in a rapid detection system, and builds on the work of this Warwick research group using a glyconanoparticle platform in COVID-19 detection.

This new assay is faster, cheaper, easier to store, is modifiable since the sugars can be custom-made to recognise a specific toxin and is an example of the bold, innovative solutions that will continue to be made possible through The University of Warwick's new STEM Connect programme.
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Still on the right track? Researchers enable reliable monitoring of the Paris climate goals | ScienceDaily
Global warming is continuously advancing. How quickly this will happen can now be predicted more accurately than ever before, thanks to a method developed by climate researcher Gottfried Kirchengast and his team at the University of Graz. For the first time, this method enables reliable monitoring of the Paris climate goals and shows that temperatures are rising faster than expected in the latest IPCC report. The new findings have just been published in the scientific journal Communications Earth & Environment.


						
In the Paris Agreement of 2015, the international community of countries agreed to limit global warming to well below 2 degC, and preferably to 1.5 degC, compared to pre-industrial levels. This refers to the increase in global surface air temperature, inspected at any time of interest as an average over 20 years. The latest IPCC report expected the 1.5 degC threshold to be reached between 2030 and 2035. Climate researcher Gottfried Kirchengast from the Wegener Center and Institute of Physics at the University of Graz now has to revise this estimate: "Our new results show that we will exceed this limit as early as 2028 -- with a standard deviation range of plus/minus two years. The benchmark record we have developed shows the global temperature rise with unprecedented reliability and therefore allows us for the first time to also propose an assessment scale to verify whether the Paris climate goals are being met or missed," the scientist points out.

Reference standard for global warming

Over the oceans, conventional monitoring of global warming does not use the air temperature above the water surface, but rather the temperature of the top few meters of seawater, such as recorded directly by drifting buoys. This results in an uncertainty that could not be properly corrected so far. The researchers at the University of Graz have now succeeded in doing so. Based on the best available data sources from international climate centers, they computed a new benchmark record for the period from 1850 to 2024, complemented by predictions up to 2034 and scenarios to 2050. "Our data show a six percent higher increase in global surface air temperature than the conventional monitoring," says Kirchengast. "And we can distinguish the human-induced temperature increase from specific climate phenomena like El Nino and other natural fluctuations, and predict the annual mean temperature of any current year, such as now for 2025, as early as from August," adds the co-author of the publication, Moritz Pichler from the Wegener Center.

Compliance assessment for the Paris Agreement

Building on the reliable monitoring of global warming, the researchers propose a four-classes assessment scale to quantitatively gauge to what degree the Paris climate goals are being met or missed. "This creates a completely new compliance assessment basis for the political and legal implementation of the agreement," explains Kirchengast. He suggests further standardization in the context of the World Meteorological Organization and the IPCC, to provide it as an official assessment method for the Paris Agreement member countries. "It is important to provide clarity for the Paris climate goals so that policymakers and all of us know where we actually stand and what it needs to meet them," emphasizes the researcher, proposing as a complement to the 1.5deg C goal that the imprecise wording 'well below 2 degC' be firmly defined as 'below 1.7 degC'. "It is high time to make these internationally binding targets for limiting global warming truly measurable and verifiable in order to underpin the urgently needed climate action by a generally valid climate-physics foundation," concludes Kirchengast.
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Coastal flooding more frequent than previously thought | ScienceDaily
Flooding in coastal communities is happening far more often than previously thought, according to a new study from North Carolina State University and the University of North Carolina at Chapel Hill. The study also found major flaws with the widely used approach of using marine water level data to capture instances of flooding.


						
"Government agencies and researchers use data from tide gauges to measure water levels in coastal areas, then use that data to estimate flood frequency in the region," says Miyuki Hino, corresponding author of a paper on the study and assistant professor of city and regional planning at UNC. "Those estimates are used both to assess how often flooding has taken place and to predict how often flooding may take place in the future. However, our study shows that this approach does not accurately capture how often flooding takes place or how long those floods last."

"Due to sea-level rise, we're now seeing flooding in coastal areas outside of extreme storms like hurricanes," says Katherine Anarde, co-author of the paper and an assistant professor of coastal engineering at NC State. "There can be flooding during everyday rain showers or at high tide on sunny days. It's important that the methodology we use to monitor and predict flooding reflects this reality, since sea-level rise means these flooding events are going to become even more common.

"Our research shows you need land-based measures of flooding to capture the burden on coastal residents, which can inform policy and planning decisions moving forward," Anarde says.

Anarde and Hino are part of the Sunny Day Flooding Project, a research initiative focused on improving flood monitoring, broadening our understanding of coastal flooding, and identifying the most effective flood mitigation strategies.

At present, there are two widely accepted "thresholds" used to infer flooding on land based on tide gauge data: the National Oceanic and Atmospheric Administration (NOAA) High Tide Flooding threshold (HTF) and the National Weather Service's minor flood threshold (NWS).

For this study, the researchers made use of data from a network of land-based sensors that their team designed to identify flooded roadways and deployed across eastern North Carolina. The researchers focused on a year of data from sensors in three communities: Beaufort, Carolina Beach and Sea Level.




During the study period, the sensors detected flooding on 26 days in Beaufort, 65 days in Carolina Beach and 128 days in Sea Level.

"These numbers were very different from what the HTF and NWS thresholds tell us based on water levels at tide gauges," Anarde says. "In general, the thresholds drastically underestimated the number of floods. For example, when you subtract floods associated with extreme storms, we recorded flooding on 122 days in Sea Level. But if you looked at the data from the closest tidal gauge, the NWS threshold inferred that there were 31 days of flooding. And the HTF threshold inferred only nine days of flooding.

"However, the NWS threshold sometimes overestimates the number of flood days," Anarde says. "For example, Carolina Beach had 65 days of flooding, but if you applied the NWS threshold using data from the closest tidal gauge, it inferred that there were 120 days of flooding."

"In addition to being inaccurate in terms of how often it is flooding, our findings also show that the actual duration of the floods is longer than is captured by the HTF and NWF thresholds," Hino says. "Essentially, the thresholds don't adequately account for how long it takes water to drain off of land."

"More accurate information on coastal flooding can inform where and how we invest resources in building more resilient communities," says Anarde. "It's hard to design an efficient solution when you don't know the scope of the problem."

Anarde and Hino are now working with partner communities to identify and evaluate response strategies that can mitigate the impacts of chronic flooding.

"Every community is unique, so there's no one-size-fits-all solution," says Hino. "But with more accurate data, we can help communities assess what response strategy is best for them, now and in the future."

The paper, "Land-based Sensors Reveal High Frequency of Coastal Flooding," will be published June 2 in the open-access journal Nature Communications Earth & Environment. The paper was co-authored by Ryan McCune and Thomas Thelen, Ph.D. students at NC State; Elizabeth Farquhar, a research associate at NC State; Perri Woodard, an undergraduate student at NC State; Tessa Fridell, a former undergraduate student at UNC; and Anthony Whipple, a research technician at UNC.

This work was done with support from the U.S. Department of Homeland Security under grant number 2015-ST-061-ND0001-01. The views and conclusions contained herein are those of the researchers and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the U.S Department of Homeland Security. The work was also done with support from North Carolina Sea Grant under institution grant NA22OAR4170109; the National Science Foundation's Human-Environment and Geographical Systems Program under grant BCS-2215195; NOAA's Climate Adaptation Partnerships program and the Bipartisan Infrastructure Law, under grant NA23OAR4310474; NASA, under grant 80NSSC24K0504; the North Carolina Department of Transportation, under grant RP2024-56; the Gulf Research Program Early-Career Research Fellowship, under award 2000013691-2022; and the Eunice Kennedy Shriver National Institute of Child Health and Human Development, under award 5-K01-HD112604-02. The researchers also thank their community partners in the Town of Beaufort, the Town of Carolina Beach, and the Core Sound Waterfowl Museum and Heritage Center for their support.
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Webb reveals the origin of the ultra-hot exoplanet WASP-121b | ScienceDaily
Observations with the James Webb Space Telescope (JWST) have provided new clues about how the exoplanet WASP-121b has formed and where it might have originated in the disc of gas and dust around its star. These insights stem from the detection of multiple key molecules: water vapour, carbon monoxide, silicon monoxide, and methane. With these detections, a team led by astronomers Thomas Evans-Soma and Cyril Gapp was able to compile an inventory of the carbon, oxygen, and silicon in the atmosphere of WASP-121b. The detection of methane in particular also suggests strong vertical winds on the cooler nightside, a process often ignored in current models.


						
WASP-121b is an ultra-hot giant planet that orbits its host star at a distance only about twice the star's diameter, completing one orbit in approximately 30.5 hours. The planet exhibits two distinct hemispheres: one that always faces the host star, with temperatures locally exceeding 3000 degrees Celsius, and an eternal nightside where temperatures drop to 1500 degrees.

"Dayside temperatures are high enough for refractory materials -- typically solid compounds resistant to strong heat -- to exist as gaseous components of the planet's atmosphere," Thomas Evans-Soma explained. He is an astronomer affiliated with the Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany, and the University of Newcastle, Australia. He led the study published today in Nature Astronomy.

Unveiling the birthplace of WASP-121b

The team investigated the abundance of compounds that evaporate at very different temperatures, providing clues about the planet's formation and evolution. "Gaseous materials are easier to identify than liquids and solids," noted MPIA student Cyril Gapp, the lead author of a second study published today in The Astronomical Journal. "Since many chemical compounds are present in gaseous form, astronomers use WASP-121b as a natural laboratory to probe the properties of planetary atmospheres."

The team concluded that WASP-121b likely accumulated most of its gas in a region cold enough for water to remain frozen yet sufficiently warm for methane (CH4) to evaporate and exist in its gaseous form. Since planets form within a disc of gas and dust surrounding a young star, such conditions occur at distances where stellar radiation creates the appropriate temperatures.

In our own Solar System, this region lies somewhere between the orbits of Jupiter and Uranus. This is remarkable, given that WASP-121b now orbits perilously close to its host star's surface. It suggests that, after its formation, it undertook a long journey from the icy outer regions to the centre of the planetary system.




Reconstructing WASP-121b's eventful youth

Silicon was detected as silicon monoxide (SiO) gas, but originally entered the planet via rocky material such as quartz stored in planetesimals -- essentially asteroids -- after acquiring most of its gaseous envelope. The formation of planetesimals takes time, indicating that this process occurred during the later stages of planetary development.

"The relative abundances of carbon, oxygen, and silicon offer insights into how this planet formed and acquired its material." -- Thomas Evans-Soma

Planet formation begins with icy dust particles that stick together and gradually grow into centimetre- to metre-sized pebbles. They attract surrounding gas and small particles, accelerating their growth. These are the seeds of future planets like WASP-121b. Drag from the surrounding gas causes the moving pebbles to spiral inward towards the star. As they migrate, their embedded ices begin to evaporate in the disc's warmer inner regions.

While the infant planets orbit their host stars, they may grow large enough to open substantial gaps within the protoplanetary disc. This halts the inward drift of pebbles and the supply with embedded ices but leaves enough gas available to build an extended atmosphere.

In the case of WASP-121b, this appears to have occurred at a location where methane pebbles evaporated, enriching the gas that the planet supplied with carbon. In contrast, water pebbles remained frozen, locking away oxygen. This scenario best explains why Evans-Soma and Gapp observed a higher carbon-to-oxygen ratio in the planet's atmosphere than in its host star. WASP-121b continued attracting carbon-rich gas after the flow of oxygen-rich pebbles had stopped, setting the final composition of its atmospheric envelope.




The detection of methane requires strong vertical currents

As the temperature of an atmosphere changes, the quantities of different molecules, such as methane and carbon monoxide, are expected to vary. At the ultra-high temperatures of WASP-121b's dayside, methane is highly unstable and won't be present in detectable quantities. Astronomers have determined for planets like WASP-121b that gas from the dayside hemisphere should be mixed around to the relatively cool nightside hemisphere faster than the gas composition can adjust to the lower temperatures. Under this scenario, one would expect the abundance of methane to be negligible on the nightside, just as it is on the dayside. When instead the astronomers detected plentiful methane on the nightside of WASP-121b, it was a total surprise.

To explain this result, the team proposes that methane gas must be rapidly replenished on the nightside to maintain its high abundance. A plausible mechanism for doing this involves strong vertical currents lifting methane gas from lower atmospheric layers, which are rich in methane thanks to the relatively low nightside temperatures combined with the high carbon-to-oxygen ratio of the atmosphere. "This challenges exoplanet dynamical models, which will likely need to be adapted to reproduce the strong vertical mixing we've uncovered on the nightside of WASP-121b," said Evans-Soma.

JWST's role in the discovery

The team used JWST's Near-Infrared Spectrograph (NIRSpec) to observe WASP-121b throughout its complete orbit around its host star. As the planet rotates on its axis, the heat radiation received from its surface varies, exposing different portions of its irradiated atmosphere to the telescope. This allowed the team to characterize the conditions and chemical composition of the planet's dayside and nightside.

The astronomers also captured observations as the planet transited in front of its star. During this phase, some starlight filters through the planet's atmospheric limb, leaving spectral fingerprints that reveal its chemical makeup. This type of measurement is especially sensitive to the transition region where gases from the dayside and nightside mix. "The emerging transmission spectrum confirmed the detections of silicon monoxide, carbon monoxide, and water that were made with the emission data," Gapp noted. "However, we could not find methane in the transition zone between the day and night side."

Additional information

The MPIA scientists involved in this study included Thomas M. Evans-Soma (also at the University of Newcastle, Australia), Cyril Gapp (also at Heidelberg University), Eva-Maria Ahrer, Duncan A. Christie, Djemma Ruseva (also at the University of St Andrews, UK), and Laura Kreidberg.

Other researchers included David K. Sing (Johns Hopkins University, Baltimore, USA), Joanna K. Barstow (The Open University, Milton Keynes, UK), Anjali A. A. Piette (University of Birmingham, UK and Carnegie Institution for Science, Washington, USA), Jake Taylor (University of Oxford, UK), Joshua D. Lothringer (Space Telescope Science Institute, Baltimore, USA and Utah Valley University, Orem, USA), and Jayesh M. Goyal (National Institute of Science Education and Research (NISER), Odisha, India).

NIRSpec is part of the European Space Agency's (ESA) contribution to the Webb mission, built by a consortium of European companies led by Airbus Defence and Space (ADS). NASA's Goddard Space Flight Centre provided two sub-systems (detectors and micro-shutters). MPIA was responsible for procuring electrical components of the NIRSpec grating wheels.
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Brain training game offers new hope for drug-free pain management | ScienceDaily
A trial of an interactive game that trains people to alter their brain waves has shown promise as a treatment for nerve pain -- offering hope for a new generation of drug-free treatments.


						
The PainWaive technology, developed by UNSW Sydney researchers, teaches users how to regulate abnormal brain activity linked to chronic nerve pain, offering a potential in-home, non-invasive alternative to opioids.

A recent trial of the technology, led by Professor Sylvia Gustin and Dr Negin Hesam-Shariati from UNSW Sydney's NeuroRecovery Research Hub, has delivered promising results, published in the Journal of Pain.

The study compared hundreds of measures across participants' pain and related issues like pain interference before, during and after four weeks of interactive game play. Their brain activity was tracked via EEG (electroencephalogram) headsets, with the app responding in real time to shifts in brainwave patterns.

Three out of the four participants showed significant reductions in pain, particularly nearing the end of the treatment. Overall, the pain relief achieved by the three was comparable to or greater than that offered by opioids.

"Restrictions in the study's size, design and duration limit our ability to generalise the findings or rule out placebo effects," Dr Hesam-Shariati says.

"But the results we've seen are exciting and give us confidence to move to the next stage and our larger trial."

The PainWaive project builds on UNSW Professor Sylvia Gustin's seminal research into changes in the brain's thalamus -- a central relay hub in the brain -- associated with nerve (neuropathic) pain.




"The brainwaves of people with neuropathic pain show a distinct pattern: more slow theta waves, fewer alpha waves, and more fast, high beta waves," Prof. Gustin says.

"We believe these changes interfere with how the thalamus talks to other parts of the brain, especially the sensory motor cortex, which registers pain."

"I wondered, can we develop a treatment that directly targets and normalises these abnormal waves?"

The challenge was taken up by an interdisciplinary team at UNSW Science and Neuroscience Research Australia (NeuRA), led by Prof. Gustin and Dr Hesam-Shariati, and resulted in PainWaive.

The four participants in its first trial received a kit with a headset and a tablet preloaded with the game app, which includes directions for its use. They were also given tips for different mental strategies, like relaxing or focusing on happy memories, to help bring their brain activity into a more "normal" state.

The user data, meanwhile, was uploaded to the research team for remote monitoring.




"After just a couple of Zoom sessions, participants were able to run the treatment entirely on their own," says Dr Hesam-Shariati.

"Participants felt empowered to manage their pain in their own environment. That's a huge part of what makes this special."

Initially, Dr Hesam-Shariati says, the team planned to use existing commercial EEG systems, but they were either too expensive or didn't meet the quality needed to deliver the project. Instead, they developed their own.

"Everything except the open-source EEG board was built in-house," says Dr Hesam-Shariati. "And soon, even that will be replaced by a custom-designed board."

Thanks to 3D printing, Prof. Gustin says, the team has cut the cost of each headset to around $300 -- a fraction of the $1,000 to $20,000 price tags of existing systems.

The headset uses a saline-based wet electrode system to improve signal quality and targets the sensorimotor cortex.

"We've worked closely with patients to ensure the headset is lightweight, comfortable, and user-friendly," says Prof. Gustin.

"Owning the technology offers us the potential to one day offer PainWaive as a truly affordable, accessible solution for at-home pain management, especially for those with limited access to traditional treatments."

The researchers are now calling for participants to register their interest in two upcoming trials of the neuromodulation technology: the Spinal Pain Trial, investigating its potential to reduce chronic spinal pain, and the StoPain Trial, exploring its use in treating chronic neuropathic pain in people with a spinal cord injury.
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Nitrogen loss on sandy shores: The big impact of tiny anoxic pockets | ScienceDaily
Denitrification in tiny anoxic pockets on sand grains could account for up to one-third of total nitrogen loss in silicate shelf sands.


						
Some microbes living on sand grains use up all the oxygen around them. Their neighbors, left without oxygen, make the best of it: They use nitrate in the surrounding water for denitrification -- a process hardly possible when oxygen is present. This denitrification in sandy sediments in well-oxygenated waters can substantially contribute to nitrogen loss in the oceans.

TO THE POINT:
    	Tiny environments: Microorganisms on sand grains create anoxic microenvironments.
    	Big impact: This allows their neighbours to carry out anaerobic denitrification in well-oxygenated sands.
    	Globally relevant: Overall, this reduces nitrogen in oceans, within well-oxygenated sands, worldwide for up to one third.

Human activities, such as agriculture, have dramatically increased nitrogen inputs into coastal seas. Microorganisms remove much of this human-derived nitrogen in coastal sands through a process called denitrification. Denitrification generally only occurs in the absence of oxygen. However, observations indicate that it also happens in oxygenated sands, via a thus far unknown mechanism. Scientists from the Max Planck Institute for Marine Microbiology in Bremen, Germany, now reveal how this happens: Bunches of microbes, unevenly distributed on the surface of sand grains, use up all the oxygen around them, thus creating anoxic microenvironments in which other microbes can carry out denitrification. The results are now published in the journal Scientific Reports.

Big effects of tiny structures

The scientists used a method called microfluidic imaging, which allowed them to visualize the diverse and uneven distribution of microbes and the oxygen dynamics on extremely small scales. "Tens of thousands of microorganisms live on a single grain of sand. We were able to distinguish oxygen-consuming and oxygen-producing microbial colonies located within micrometers of each other," explains Farooq Moin Jalaluddin from the Max Planck Institute for Marine Microbiology. The scientists could show that some microbes consume more oxygen than is resupplied by the surrounding pore water. Thus, anoxic pockets develop on the surface of the sand grains. These have so far been invisible to conventional techniques. However, their effects are dramatic: "Our estimates based on model simulations show that anaerobic denitrification in these anoxic pockets can account for up to one third of the total denitrification in oxygenated sands," says Jalaluddin.

Global important as a sink of anthropogenic nitrogen

Permeable sands roughly cover half of the continental shelves on our planet, making them a very important habitat in many respects. The Max-Planck-scientists thus also calculated how relevant this newly researched form of nitrogen removal in the tiny anoxic pockets on single sand grains is on a global scale. "We found that these anoxic microenvironments could account for up to one third of total nitrogen loss in silicate shelf sands," says co-author Soeren Ahmerkamp, who is now working at the Leibniz Institute for Baltic Sea Research Warnemunde. "Consequently, this denitrification is a substantial sink for anthropogenic nitrogen entering the oceans."
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Attachment theory: A new lens for understanding human-AI relationships | ScienceDaily
Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.


						
Artificial intelligence (AI) is ubiquitous in this era. As a result, human-AI interactions are becoming more frequent and complex, and this trend is expected to accelerate soon. Therefore, scientists have made remarkable efforts to better understand human-AI relationships in terms of trust and companionship. However, these man-machine interactions can possibly also be understood in terms of attachment-related functions and experiences, which have traditionally been used to explain human interpersonal bonds.

In an innovative work, which incorporates two pilot studies and one formal study, a group of researchers from Waseda University, Japan, including Research Associate Fan Yang and Professor Atsushi Oshio from the Faculty of Letters, Arts and Sciences, has utilized attachment theory to examine human-AI relationships. Their findings were recently published online in the journal Current Psychology on May 9, 2025.

Mr. Yang explains the motivation behind their research. "As researchers in attachment and social psychology, we have long been interested in how people form emotional bonds. In recent years, generative AI such as ChatGPT has become increasingly stronger and wiser, offering not only informational support but also a sense of security. These characteristics resemble what attachment theory describes as the basis for forming secure relationships. As people begin to interact with AI not just for problem-solving or learning, but also for emotional support and companionship, their emotional connection or security experience with AI demands attention. This research is our attempt to explore that possibility."

Notably, the team developed a new self-report scale called the Experiences in Human-AI Relationships Scale, or EHARS, to measure attachment-related tendencies toward AI. They found that some individuals seek emotional support and guidance from AI, similar to how they interact with people. Nearly 75% of participants turned to AI for advice, while about 39% perceived AI as a constant, dependable presence.

This study differentiated two dimensions of human attachment to AI: anxiety and avoidance. An individual with high attachment anxiety toward AI needs emotional reassurance and harbors a fear of receiving inadequate responses from AI. In contrast, a high attachment avoidance toward AI is characterized by discomfort with closeness and a consequent preference for emotional distance from AI.

However, these findings do not mean that humans are currently forming genuine emotional attachments to AI. Rather, the study demonstrates that psychological frameworks used for human relationships may also apply to human-AI interactions. The present results can inform the ethical design of AI companions and mental health support tools. For instance, AI chatbots used in loneliness interventions or therapy apps could be tailored to different users' emotional needs, providing more empathetic responses for users with high attachment anxiety or maintaining respectful distance for users with avoidant tendencies. The results also suggest a need for transparency in AI systems that simulate emotional relationships, such as romantic AI apps or caregiver robots, to prevent emotional overdependence or manipulation.

Furthermore, the proposed EHARS could be used by developers or psychologists to assess how people relate to AI emotionally and adjust AI interaction strategies accordingly.

"As AI becomes increasingly integrated into everyday life, people may begin to seek not only information but also emotional support from AI systems. Our research highlights the psychological dynamics behind these interactions and offers tools to assess emotional tendencies toward AI. Lastly, it promotes a better understanding of how humans connect with technology on a societal level, helping to guide policy and design practices that prioritize psychological well-being," concludes Mr. Yang.
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Self-powered artificial synapse mimics human color vision | ScienceDaily
As artificial intelligence and smart devices continue to evolve, machine vision is taking an increasingly pivotal role as a key enabler of modern technologies. Unfortunately, despite much progress, machine vision systems still face a major problem: processing the enormous amounts of visual data generated every second requires substantial power, storage, and computational resources. This limitation makes it difficult to deploy visual recognition capabilities in edge devices -- such as smartphones, drones, or autonomous vehicles.


						
Interestingly, the human visual system offers a compelling alternative model. Unlike conventional machine vision systems that have to capture and process every detail, our eyes and brain selectively filter information, allowing for higher efficiency in visual processing while consuming minimal power. Neuromorphic computing, which mimics the structure and function of biological neural systems, has thus emerged as a promising approach to overcome existing hurdles in computer vision. However, two major challenges have persisted. The first is achieving color recognition comparable to human vision, whereas the second is eliminating the need for external power sources to minimize energy consumption.

Against this backdrop, a research team led by Associate Professor Takashi Ikuno from the School of Advanced Engineering, Department of Electronic Systems Engineering, Tokyo University of Science (TUS), Japan, has developed a groundbreaking solution. Their paper, published in Volume 15 of the journal Scientific Reports on May 12, 2025, introduces a self-powered artificial synapse capable of distinguishing colors with remarkable precision. The study was co-authored by Mr. Hiroaki Komatsu and Ms. Norika Hosoda, also from TUS.

The researchers created their device by integrating two different dye-sensitized solar cells, which respond differently to various wavelengths of light. Unlike conventional optoelectronic artificial synapses that require external power sources, the proposed synapse generates its electricity via solar energy conversion. This self-powering capability makes it particularly suitable for edge computing applications, where energy efficiency is crucial.

As evidenced through extensive experiments, the resulting system can distinguish between colors with a resolution of 10 nanometers across the visible spectrum -- a level of discrimination approaching that of the human eye. Moreover, the device also exhibited bipolar responses, producing positive voltage under blue light and negative voltage under red light. This makes it possible to perform complex logic operations that would typically require multiple conventional devices. "The results show great potential for the application of this next-generation optoelectronic device, which enables high-resolution color discrimination and logical operations simultaneously, to low-power artificial intelligence (AI) systems with visual recognition," notes Dr. Ikuno.

To demonstrate a real-world application, the team used their device in a physical reservoir computing framework to recognize different human movements recorded in red, green, and blue. The system achieved an impressive 82% accuracy when classifying 18 different combinations of colors and movements using just a single device, rather than the multiple photodiodes needed in conventional systems.

The implications of this research extend across multiple industries. In autonomous vehicles, these devices could enable more efficient recognition of traffic lights, road signs, and obstacles. In healthcare, they could power wearable devices that monitor vital signs like blood oxygen levels with minimal battery drain. For consumer electronics, this technology could lead to smartphones and augmented/virtual reality headsets with dramatically improved battery life while maintaining sophisticated visual recognition capabilities. "We believe this technology will contribute to the realization of low-power machine vision systems with color discrimination capabilities close to those of the human eye, with applications in optical sensors for self-driving cars, low-power biometric sensors for medical use, and portable recognition devices," remarks Dr. Ikuno.

Overall, this work represents a significant step toward bringing the wonders of computer vision to edge devices, enabling our everyday devices to see the world more like we do.
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Dancing brainwaves: How sound reshapes your brain networks in real time | ScienceDaily
What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study from Aarhus University and the University of Oxford, your brain doesn't just hear it -- it reorganizes itself in real time.


						
Every beep, tone and new sound you hear travels from the ear to registering in your brain. But what actually happens in your brain when you listen to a continuous stream of sounds? A new study from Aarhus University and University of Oxford published in Advanced Science reveals that the brain doesn't simply register sound: it dynamically reshapes its organization in real time, orchestrating a complex interplay of brainwaves in multiple networks.

The research, led by Dr. Mattia Rosso and Associate Professor Leonardo Bonetti at the Center for Music in the Brain, Aarhus University, in collaboration with the University of Oxford, introduces a novel neuroimaging method called FREQ-NESS -- Frequency-resolved Network Estimation via Source Separation. Using advanced algorithms, this method disentangles overlapping brain networks based on their dominant frequency. Once a network is identified by its unique frequency, the method can then trace how it propagates in space across the brain.

"We're used to thinking of brainwaves like fixed stations -- alpha, beta, gamma -- and of brain anatomy as a set of distinct regions," says Dr. Rosso. "But what we see with FREQ-NESS is much richer. It is long known that brain activity is organized through activity in different frequencies, tuned both internally and to the environment. Starting from this fundamental principle, we've designed a method that finds how each frequency is expressed across the brain."

Opens the door to precise brain mapping

The development of FREQ-NESS represents a major advance in how scientists can investigate the brain's large-scale dynamics. Unlike traditional methods that rely on predefined frequency bands or regions of interest, the data-driven approach maps the whole brain's internal organization with high spectral and spatial precision. And that opens new possibilities for basic neuroscience, brain-computer interfaces, and clinical diagnostics.

This study adds to a growing body of research exploring how the brain's rhythmic structure shapes everything from music cognition to general perception and attention, and altered states of consciousness.

"The brain doesn't just react: it reconfigures. And now we can see it," says Professor Leonardo Bonetti, co-author and neuroscientist at Center for Music in the Brain, Aarhus University, and at the Centre for Eudaimonia and Human Flourishing, University of Oxford. "This could change how we study brain responses to music and beyond, including consciousness, mind-wandering, and broader interactions with the external world."

A large-scale research program is now underway to build on this methodology, supported by an international network of neuroscientists. Due to the high reliability across experimental conditions and across datasets -- FREQ-NESS might also pave the way for individualized brain mapping, explains Professor Leonardo Bonetti.
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Student discovers long-awaited mystery fungus sought by LSD's inventor | ScienceDaily
Making a discovery with the potential for innovative applications in pharmaceutical development, a West Virginia University microbiology student has found a long sought-after fungus that produces effects similar to the semisynthetic drug LSD, which is used to treat conditions like depression, post-traumatic stress disorder and addiction.


						
Corinne Hazel, of Delaware, Ohio, an environmental microbiology major and Goldwater Scholar, discovered the new species of fungus growing in morning glory plants and named it Periglandula clandestina.

Hazel made the discovery while working in the lab with Daniel Panaccione, Davis-Michael Professor of Plant and Soil Sciences at the WVU Davis College of Agriculture and Natural Resources. She was studying how morning glories disperse protective chemicals called "ergot alkaloids" through their roots when she saw evidence of a fungus.

"We had a ton of plants lying around and they had these tiny little seed coats," she said. "We noticed a little bit of fuzz in the seed coat. That was our fungus."

The researchers prepared a DNA sample and sent it away for genome sequencing, funded by a WVU Davis College Student Enhancement Grant obtained by Hazel. The sequencing confirmed the discovery of a new species and the sequence is now deposited in a gene bank with her name on it.

"Sequencing a genome is a significant thing," Panaccione said. "It's amazing for a student."

Morning glory plants live in symbiosis with fungi that produce the same ergot alkaloids the Swiss chemist Albert Hofmann modified when he invented LSD in the late 1930s.




Hofmann hypothesized that a fungus in morning glories produced alkaloids similar to those in LSD, but the species remained a mystery until Hazel and Panaccione's discovery. They published their findings in Mycologia.

"Morning glories contain high concentrations of similar lysergic acid derivatives that give them their psychedelic activities," Panaccione said. "This inspired Hofmann and others to investigate morning glories for the presence of a hidden fungus related to the ergot fungus that might be the source of these chemicals. They found very similar chemicals, but they could never find the fungus itself."

Ergot alkaloids are made exclusively by fungi. In addition to morning glories, they're often found growing on grains like rye. They can be poisonous to humans and livestock and, when used therapeutically, can have unwanted side effects. Still, some clinicians use them to treat conditions like migraines, dementia, uterine hemorrhaging and Parkinson's disease.

Periglandula clandestina is highly efficient at making ergot alkaloids in large quantities, a characteristic that may play a role in future pharmaceuticals. The discovery of the fungus opens a host of potential research avenues, Panaccione said.

"Many things are toxic. But if you administer them in the right dosage or modify them, they can be useful pharmaceuticals. By studying them, we may be able to figure out ways to bypass the side effects. These are big issues for medicine and agriculture."

The researchers dubbed the fungus "Periglandula clandestina" for its ability to have eluded investigators for decades.

"I think that's the perfect name," Panaccione said. "And I love that we did this project together. Corinne has a ton of talent. It's about students recognizing the opportunities, seizing them and having the skill and the brain power to bring this work to fruition."

Hazel is now studying the most effective ways to culture the slow-growing fungus and is interested in whether other morning glory species may also contain ergot alkaloids from a fungal symbiote that has yet to be described.

"I'm lucky to have stumbled into this opportunity," she said. "People have been looking for this fungus for years, and one day, I look in the right place, and there it is. I'm very proud of the work that I've done at WVU."
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Synthetic compound shows promise against multidrug resistance | ScienceDaily
Antimicrobial resistance directly causes more than 1 million deaths every year and contributes to more than 35 million more, according to the World Health Organization. Staphylococcus aureus and Enterococcus sp., 2 gram-positive pathogens highly likely to develop resistance to known treatments, can cause dangerous hospital-acquired and community-acquired infections.


						
This week in Microbiology Spectrum, researchers describe a newly synthesized compound called infuzide that shows activity against antimicrobial resistant strains of S. aureus and Enterococcus in laboratory and mouse tests. In addition, the findings suggest that infuzide kills bacteria in ways that differ from other antimicrobials, which may help keep resistance at bay.

Infuzide emerged from more than a decade of work by interdisciplinary researchers looking for ways to create compounds that could act against pathogens in ways similar to known pharmaceutical compounds. Those include hydrazones, inorganic synthesized compounds that previous studies have shown to demonstrate antibacterial activity, including against resistant strains. The researchers synthesized 17 new compounds that contained hydrazones, and among those infuzide showed activity against gram-positive S. aureus and Enterococcus.

"We started the project as a collaboration, looking for ways to synthesize compounds and connecting them with compounds that might have biological activities," said medicinal chemist Michel Baltas, Ph.D., from the Laboratoire de Chimie de Coordination at the University of Toulouse in France. Baltas co-led the new work, along with Sidharth Chopra, Ph.D., from the CSIR-Central Drug Research Institute in Lucknow, India.

The researchers found that infuzide specifically attacks bacterial cells. In lab tests, they compared the antimicrobial effects of infuzide against vancomycin, a powerful antibiotic representing the standard of care in treating resistant infections. They found that infuzide more quickly and effectively reduced the size of bacterial colonies than the standard drug. In tests of resistant S. aureus infections on the skin of mice, the compound effectively reduced the bacterial population. The reduction was even higher, the researchers reported, when infuzide was combined with linezolid, a synthetic antibiotic.

Infuzide did not show significant activity against gram-negative pathogens, though Baltas said the group is looking for small changes to infuzide that might expand its antimicrobial activity.

The researchers synthesized the compounds without the need of solvents, which can be expensive and environmentally hazardous. The simplicity of the chemical reactions, Baltas said, would make it easy to make large quantities to be used in new treatments. "I am sure the same reactions can scale up."

In addition, the group has been investigating the effects of synthesized compounds on other infectious diseases, including tuberculosis. "We have many other candidates to make antimicrobial compounds," Baltas said.
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Researchers recreate ancient Egyptian blues | ScienceDaily
A team of Washington State University-led researchers has recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.


						
Reporting in the journal, NPJ Heritage Science, the researchers used a variety of raw materials and heating times to develop 12 recipes for the pigments, providing useful information for archaeologists and conservation scientists who study the ancient Egyptian materials. The work was done in collaboration with Carnegie Museum of Natural History and the Smithsonian's Museum Conservation Institute.

"We hope this will be a good case study in what science can bring to the study of our human past," said John McCloy, first author on the paper and director of WSU's School of Mechanical and Materials Engineering. "The work is meant to highlight how modern science reveals hidden stories in ancient Egyptian objects."

While Egyptian blue pigment was valued in ancient times, there is limited archaeological evidence of how it was made. It was used as a substitute for expensive minerals like turquoise or lapis lazuli and was used in painting wood, stone, and a papier-mache-type material called cartonnage. Depending on its ingredients and processing time, its color ranges from deep blue to dull gray or green. After the Egyptians, the pigment was used by Romans, but by the Renaissance period, the knowledge of how it was made was largely forgotten.

In recent years, there has been a resurgence of interest in the pigment because it has interesting optical, magnetic, and biological properties with potential new technological applications, said McCloy. The pigment emits light in the near-infrared part of the electro-magnetic spectrum that people can't see, which means it could be used for things like fingerprinting and counterfeit-proof inks. It also has a similar chemistry to high-temperature superconductors.

"It started out just as something that was fun to do because they asked us to produce some materials to put on display at the museum, but there's a lot of interest in the material," said McCloy, who, in addition to being a professor in materials science and engineering, has a master's degree in anthropology.

To understand its makeup, the researchers, including a mineralogist and an Egyptologist, created 12 different recipes of the pigment from mixtures of silicon dioxide, copper, calcium, and sodium carbonate. They heated the material at about 1000 degrees Celsius for between one and 11 hours to replicate temperatures that would have been available for ancient artists. After cooling the samples at various rates, they studied the pigments using modern microscopy and analysis techniques that had never been used for this type of research, comparing them to two ancient Egyptian artifacts.




Egyptian blue included a variety of blue colors, depending on where they were made and their quality. The researchers found that the pigment is highly heterogeneous.

"You had some people who were making the pigment and then transporting it, and then the final use was somewhere else," said McCloy. "One of the things that we saw was that with just small differences in the process, you got very different results."

The researchers found that, in fact, to get the bluest color requires only about 50% of the blue-colored components.

"It doesn't matter what the rest of it is, which was really quite surprising to us," said McCloy. "You can see that every single pigment particle has a bunch of stuff in it -- it's not uniform by any means."

The samples created are currently on display at Carnegie Museum of Natural History in Pittsburgh, Pennsylvania and will become part of the museum's new long-term gallery focused on ancient Egypt.
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Immune system discovery reveals potential solution to Alzheimer's | ScienceDaily
A new way of thinking about Alzheimer's disease has yielded a discovery that could be the key to stopping the cognitive decline seen in Alzheimer's and other neurodegenerative diseases.


						
University of Virginia School of Medicine scientists have been investigating the possibility that Alzheimer's is caused, at least in part, by the immune system's wayward attempts to fix DNA damage in the brain. Their research reveals that an immune molecule called STING drives the formation of the harmful plaques and protein tangles thought responsible for Alzheimer's. Blocking the molecule protected lab mice from mental decline, the researchers say.

An important player in the brain's immune system, STING also may be a key contributor to Parkinson's disease, amyotrophic lateral sclerosis (ALS or Lou Gehrig's disease), dementia and other memory-robbing conditions. That means that developing treatments to control its activity could have far-reaching benefits for many patients facing now-devastating diagnoses.

"Our findings demonstrate that the DNA damage that naturally accumulates during aging triggers STING-mediated brain inflammation and neuronal damage in Alzheimer's disease," said researcher John Lukens, PhD, director of UVA's Harrison Family Translational Research Center in Alzheimer's and Neurodegenerative Diseases. "These results help to explain why aging is associated with increased Alzheimer's risk and uncover a novel pathway to target in the treatment of neurodegenerative diseases."

Alarming Trends in Alzheimer's

Alzheimer's is a growing problem across the country and around the world: More than 7 million Americans are already living with the condition, and that number could top 13 million by 2050. That has researchers working frantically to find ways to better understand and treat the condition.

The causes of Alzheimer's remain murky, but scientists are increasingly coming to appreciate the role of the immune system in the disease's development. STING is part of that immune response; the molecule helps direct the clearance of viruses and stressed cells harboring DNA damage.




While STING is an important defender of the brain, it can also become hyperactive and cause harmful inflammation and tissue damage. That had Lukens and his team eager to determine what part it could be playing in Alzheimer's. Blocking the molecule's activity in lab mice, they found, helped prevent Alzheimer's plaque formation, altered the activity of immune cells called microglia and redirected the workings of important genes, among other effects.

"We found that removing STING dampened microglial activation around amyloid plaques, protected nearby neurons from damage and improved memory function in Alzheimer's model mice," said researcher Jessica Thanos, part of UVA's Department of Neuroscience and Center for Brain Immunology and Glia (BIG Center). "Together, these findings suggest that STING drives detrimental immune responses in the brain that exacerbate neuronal damage and contribute to cognitive decline in Alzheimer's disease."

Promising Treatment Target

While scientists have been investigating other molecules thought to be important in Alzheimer's, STING makes for a particularly attractive target for developing new treatments, the UVA Health researchers say. That's because blocking STING appears to slow both the buildup of amyloid plaques and the development of tau tangles, the two leading candidates for the cause of Alzheimer's. Other molecules lack that robust involvement, and, further, could be targeted only at very specific -- and very limited -- stages in the disease's progression.

"We are only beginning to understand the complex role of innate immune activation in the brain, and this is especially true in both normal and pathological aging," Thanos said. "If we can pinpoint which cells and signals sustain that activation, we will be in a much better position to intervene effectively in disease."

While Lukens' pioneering research has opened new doors in the fight against Alzheimer's, much more work will need to be done to translate the findings into treatments. For example, scientists will need to better understand STING's roles in the body -- such as in the immune system's response to cancer -- to ensure any new treatment doesn't cause unwanted side effects.




But those are the types of big questions that Lukens and his collaborators at the Harrison Family Translational Research Center are eager to tackle as part of their efforts to fast-track new treatments and, eventually, they hope, cures. (The center is part of UVA's Paul and Diane Manning Institute of Biotechnology, now under construction at Fontaine Research Park.)

"Our hope is that this work moves us close to finding safer and more effective ways to protect the aging brain, as there is an urgent need for treatments that can slow or prevent neuronal damage in Alzheimer's," Lukens said. "Shedding light on how STING contributes to that damage may help us target similar molecules and ultimately develop effective disease-modifying treatments."

Findings Published

The researchers have published their findings in Alzheimer's & Dementia: The Journal of the Alzheimer's Association. The research team consisted of Thanos, Olivia C. Campbell, Maureen N. Cowan, Katherine R. Bruch, Katelyn A. Moore, Hannah E. Ennerfelt, Nick R. Natale, Aman Mangalmurti, Nagaraj Kerur and Lukens. The scientists have no financial interest in the work.

The study was supported by the National Institutes of Health's National Institute of Aging, grants R01AG071996, R01AG087406 and RF1AG078684; the Alzheimer's Association, grant ADSF-21-816651; the Cure Alzheimer's Fund; The Owens Family Foundation; and The Harrison Family Foundation.
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Discovery could boost solid-state battery performance | ScienceDaily
An emerging technology to make lithium-ion batteries safer and more powerful involves using solid rather than liquid electrolytes, the materials that make it possible for ions to move through the device to generate power.


						
A team of University of Texas at Dallas researchers and their colleagues have discovered that the mixing of small particles between two solid electrolytes can generate an effect called a "space charge layer," an accumulation of electric charge at the interface between the two materials.

The finding could aid the development of batteries with solid electrolytes, called solid-state batteries, for applications including mobile devices and electric vehicles. The researchers published their study in ACS Energy Letters, where it is featured on the cover of the March issue.

Researchers discovered that the mixing of small particles between two solid electrolytes can generate an effect called a "space charge layer," an accumulation of electric charge at the interface between two solid electrolytes depicted in this illustration.

When the separate solid electrolyte materials make physical contact, a layer forms at their boundary where charged particles, or ions, accumulate due to differences in each material's chemical potential, said Dr. Laisuo Su, assistant professor of materials science and engineering in the Erik Jonsson School of Engineering and Computer Science and a co-corresponding author of the study. He said the layer helps create pathways that make it easier for ions to move across the interface.

"Imagine mixing two ingredients in a recipe and unexpectedly getting a result that is better than either ingredient alone," Su said. "This effect boosted the movement of ions beyond what either material could achieve by itself.

"This discovery suggests a new way to design better solid electrolytes by carefully choosing materials that interact in a way that enhances ionic movement, potentially leading to better-performing solid-state batteries."

The research is a project of UTD's Batteries and Energy to Advance Commercialization and National Security (BEACONS) initiative, which launched in 2023 with $30 million from the Department of Defense to develop and commercialize new battery technology and manufacturing processes, enhance the domestic availability of critical raw materials, and train high-quality workers for industry.




"Solid-state battery technology is part of our next-gen battery chemistries research at the BEACONS center, and it is expected to enable advanced battery systems to improve the performance of drones for defense applications," said Dr. Kyeongjae Cho, professor of materials science and engineering, director of BEACONS and a co-corresponding author of the study.

Most lithium-ion batteries currently used in consumer products contain liquid electrolytes, which are flammable and can present safety issues. Although conventional lithium-ion batteries are reaching the theoretical limit of how much energy they can store, Su said solid-state batteries show promise for generating and storing more than twice as much power as batteries with liquid electrolytes, and they are safer because they are not flammable.

The development of solid-state batteries faces challenges, however, because it is more difficult to move ions through solid materials. The researchers studied the performance of the solid-state electrolyte compounds lithium zirconium chloride and lithium yttrium chloride and proposed a theory to explain why mixing the materials increased ionic activity.

"The interface formed unique channels for ion transport," Su said.

Su and fellow researchers plan to continue to study how the composition and structure of the interface leads to greater ionic conductivity.

Other UT Dallas researchers who contributed to the work include Dr. Boyu Wang, first author of the study and a postdoctoral researcher with BEACONS; and Dr. Yue Zhou, associate professor of mechanical engineering.

The UTD team collaborated with two researchers from Texas Tech University: Dr. Zeeshan Ahmad, assistant professor of mechanical engineering and a co-corresponding author; and Md Salman Rabbi Limon, a doctoral candidate in mechanical engineering.
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Researchers use deep learning to predict flooding this hurricane season | ScienceDaily
The 2025 hurricane season officially begins on June 1, and it's forecast to be more active than ever, with potentially devastating storms whose heavy rainfall and powerful storm surges cause dangerous coastal flooding.


						
Extreme water levels -- like the 15 feet of flooding Floridians saw during Hurricane Helene in 2024 -- threaten lives, wash away homes, and damage ecosystems. But they can be difficult to predict without complex, data-intensive computer models that areas with limited resources can't support.

A recent study published in Water Resources Research by civil and environmental engineering graduate student Samuel Daramola, along with faculty advisor David F. Munoz and collaborators Siddharth Saksena, Jennifer Irish, and Paul Munoz from Vrije Universiteit Brussel in Belgium, introduces a new deep learning framework to predict the rise and fall of water levels during storms -- even in places where tide gauges fail or data is scarce -- through a technique known as "transfer learning."

The framework, called Long Short-Term Memory Station Approximated Models (LSTM-SAM), offers faster and more affordable predictions that enable smarter decisions about when to evacuate, where to place emergency resources, and how to protect infrastructure when hurricanes approach. For emergency planners, local governments, and disaster response teams, it could be a game-changer -- and could save lives.

Addressing the challenge of predicting floods with transfer learning

Predicting when and where extreme water levels will strike -- especially during compound floods, when multiple flooding sources, like rain and storm surge, combine to intensify flooding -- is crucial for protecting vulnerable communities.

However, conventional physical-based models rely on detailed information about weather patterns, ocean conditions, and local geography. Gathering and processing this data is time consuming and expensive, limiting the models' use to areas with long-term data records and high-powered computers.




To overcome these limitations, the research team developed LSTM-SAM, a deep-learning framework that analyzes patterns from past storms to predict water level rise during future storms. What makes this model especially useful is its ability to extrapolate from one geographic area's data to make predictions for another locale that doesn't have a lot of its own data. By borrowing knowledge and applying it locally, it makes accurate flood prediction more widely available.

"Our goal was to create an efficient transfer learning method that leverages pre-trained deep learning models," said Daramola. "This is key to quickly assessing many flood-prone areas after a hurricane."

Testing with coastal flood predictions

The researchers tested LSTM-SAM at tide gauge stations along the Atlantic coast of the United States, a region frequently impacted by hurricanes and other major storms. They found that the model was able to accurately predict the onset, peak, and decline of storm-driven water levels. The model was even able to reconstruct water levels for tide-gauge stations damaged by hurricanes, such as the station in Sandy Hook, New Jersey, which failed during Hurricane Sandy in 2012.

Researchers plan on using the LSTM-SAM framework during the upcoming hurricane season, where they can test it as storms roll in nearly in real time. They've also made the code available in the GitHub repository of the CoRAL Lab, where scientists, emergency planners, and government leaders can download it for free. The program runs on a laptop in a matter of minutes and could be especially helpful for smaller towns or regions in developing countries where access to high-end computing tools or detailed environmental data is limited.

"Other studies have relied on repetitive patterns in the training data," Daramola said. "Our approach is different. We highlight extreme changes in water levels during training, which helps the model better recognize important patterns and perform more reliably in those areas."

As the frequency of hurricane events and their socioeconomic impact is likely to increase in the future, the need for reliable flood prediction frameworks is of paramount importance. Advanced deep learning tools like LSTM-SAM could become essential in helping coastal communities prepare for the new normal, opening the door to smarter, faster, and more accessible flood predictions associated with tropical cyclones.

Original study: DOI 10.1029/2024WR039054

This research was made possible by support from the National Science Foundation, CAS-Climate Program, and the Virginia Sea Grant Fellowship. 
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New laser smaller than a penny can measure objects at ultrafast rates | ScienceDaily
Researchers from the University of Rochester and University of California, Santa Barbara, engineered a laser device smaller than a penny that they say could power everything from the LiDAR systems used in self-driving vehicles to gravitational wave detection, one of the most delicate experiments in existence to observe and understand our universe.


						
Laser-based measurement techniques, known as optical metrology, can be used to study the physical properties of objects and materials. But current optical metrology requires bulky and expensive equipment to achieve delicate laser-wave control, creating a bottleneck for deploying streamlined, cost-effective systems.

The new chip-scale laser, described in a paper published in Light: Science & Applications, can conduct extremely fast and accurate measurements by very precisely changing its color across a broad spectrum of light at very fast rates -- about 10 quintillion times per second. Unlike traditional silicon photonics, the laser is made with a synthetic material called lithium niobate and leverages a physical phenomenon known as the Pockels effect, which changes the refractive index of a material when an electric field is present.

"There are several applications we are aiming for that can already benefit from our designs," says Shixin Xue, a PhD student advised by Qiang Lin, the Dean's Professor of electrical and computer engineering and optics, both of whom are among the paper's authors. "The first is LiDAR, which is already used in autonomous vehicles, but a more advanced form known as frequency-modulated continuous-wave LiDAR requires a large tuning range and fast tuning of the laser's frequency, and that's what our laser can do."

The researchers demonstrated how their laser could be used to drive a LiDAR system on a spinning disc and identify the letters U and R made out of toy building blocks. They say that the miniature demonstration could be scaled up to detect vehicles and obstacles at highway speeds and distances.

The researchers also demonstrated how the chip-scale laser could be used for Pound-Drever-Hall (PDH) laser frequency locking, a common technique used to narrow down, stabilize, and reduce a laser's noise.

"It's a very important process that can be used for optical clocks that can measure time with extreme precision, but you need a lot of equipment to do that," says Xue, noting that a typical setup might require instruments the size of a desktop computer such as an intrinsic laser, an isolator, an acoustic optic modulator, and a phase modulator. "Our laser can integrate all of these things into a very small chip that can be tuned electrically."

The research was supported in part by the Defense Advanced Research Projects Agency (DARPA) Lasers for Universal Microscale Optical Systems (LUMOS) and the National Science Foundation.
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Insect protein blocks bacterial infection | ScienceDaily
A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.


						
The collaborative study led by researchers at RMIT University in Australia is the first reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface.

Study lead author Professor Namita Roy Choudhury said the finding is a critical step towards their goal of creating smart surfaces that stop dangerous bacteria, especially antibiotic-resistant ones like MRSA, from growing on medical implants.

"This work shows how these coatings can be adjusted to effectively fight bacteria -- not just in the short term, but possibly over a long period," she said.

Bacteria are often found on implants following surgery, despite sterilisation and infection controls. These can lead to infections requiring antibiotics, but with antibiotic resistance becoming more common, new preventative measures are needed.

"Antibiotic resistance has prompted greater interest in the area of self-sterilising materials and easy preparation of antibacterial surfaces," Choudhury said.

"Therefore, we designed this surface to completely prevent the initial attachment of the bacteria and biofilm formation to decrease the infection rates."

Choudhury said potential applications could include spray coatings for surgical tools, medical implants, catheters and wound dressings.




Resilin to the rescue

Resilin, a protein found in insects, is known for its remarkable elasticity -- it enables fleas to jump more than a hundred times their own height in microseconds -- but it's also extremely resilient and biocompatible.

"These exceptional properties and non-toxic nature make resilin and resilin-mimetic proteins ideal for many applications requiring flexible, durable materials and coatings," Choudhury said.

"These applications range from tissue engineering and drug delivery to flexible electronics and sports equipment, but this is the first work published on its performance as an antibacterial coating."

The team created several forms of coating from altered forms of resilin, then tested their interactions with E.coli bacteria and human skin cells in lab conditions.

The study showed how the altered proteins in nano droplet form known as coacervates were 100% effective at repelling the bacteria, while still integrating well with healthy human cells, a critical part of medical implant success.




Study lead author from RMIT Dr Nisal Wanasingha said the nano droplets' high surface area made them especially good at interacting with and repelling bacteria.

"Once they come in contact, the coating interacts with the negatively charged bacterial cell membranes through electrostatic forces, disrupting their integrity, leading to leakage of cellular contents and eventual cell death," he said.

Wanasingha said the resilin-based coatings not only showed 100% effectiveness in stopping bacteria from attaching to the surface but also offered several advantages compared to traditional approaches.

"Unlike antibiotics, which can lead to resistance, the mechanical disruption caused by the resilin coatings may prevent bacteria from establishing resistance mechanisms," he said.

"Meanwhile, resilin's natural origin and biocompatibility reduce the risk of adverse reactions in human tissues and, being protein-based, are more environmentally friendly than alternatives based on silver nanoparticles."

Next steps

Study co-author Professor Naba Dutta said resilin-mimetic protein is highly responsive to stimuli and changes in its environment, making it potentially tuneable for many functions.

"These early results are very promising as a new way to help improve infection control in hospitals and other medical settings, but now more testing is needed to see how these coatings work against a wider range of harmful bacteria," Dutta said.

"Future work includes attaching antimicrobial peptide segments during recombinant synthesis of resilin-mimics and incorporating additional antimicrobial agents to broaden the spectrum of activity."

Transitioning from lab research to clinical use will require ensuring the formula's stability and scalability, conducting extensive safety and efficacy trials, while developing affordable production methods for widespread distribution, he added.

The study was in collaboration with the ARC Centre of Excellence for Nanoscale BioPhotonics and the Australian Nuclear Science and Technology Organisation (ANSTO).

The team used ANSTO's Australian Centre for Neutron Scattering facilities, and RMIT University's Micro Nano Research Facility and Microscopy and Microanalysis Facility.

The work was funded by the Australia India Strategic Research Fund, Australian Institute of Nuclear Science and Engineering top-up Postgraduate Research Award (PGRA) and supported by the Australian Research Council.
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Human-caused dust events are linked to fallow farmland | ScienceDaily
An average of more than 1 million acres of idled farmland a year is a significant contributor to a growing dust problem in California that has implications for millions of residents' health and the state's climate.


						
A new study published in Communications Earth and Environment by UC Merced professors Adeyemi Adebiyi and John Abatzoglou finds that the Central Valley accounts for about 77% of fallowed land in California and is associated with about 88% of major anthropogenic, or human-caused, dust events.

"Idled farmland and dust are particularly concentrated in Kern, Fresno and Kings counties, where annual crops such as wheat, corn, and cotton are fallowed as part of agricultural practices or a combination of water and economic decisions," said Abatzoglou, a climatologist in the Department of Management of Complex Systems in the School of Engineering. "When fields are unplanted, wind erosion can create dust."

Dust can be laced with chemicals and pathogens that cause severe respiratory illnesses or death. For example, Valley fever, caused by a fungus, relies on dust to spread. Particulate matter has also been linked to various forms of dementia, cardiovascular problems, COPD, asthma, and perhaps surprisingly, longer and more painful menstrual cycles. Vulnerable groups disproportionately bear these health impacts.

In addition to health problems, a significant reduction in visibility during dust storms has resulted in fatal traffic accidents. Dust storms can also reduce agricultural productivity due to the loss of fertile topsoil and abrasion of crops by airborne particles, which is particularly critical given the state's role as the leading agricultural producer in the United States.

"California, particularly the Central Valley, has not been considered an important dust source," said Adebiyi, who studies dust and its impacts as a member of the Department of Life and Environmental Sciences in the School of Natural Sciences and as an affiliate of the Health Sciences Research Institute. "However, we're beginning to see, with recent events, that the Central Valley is a major contributor, and much of its dust comes from agricultural sources."

Although researchers don't fully understand dust's effects on climate, they do know that when dust settles on the Sierra Nevada snowpack, it darkens the snow and encourages melting earlier in the year than usual. That impacts critical water resources for people around the state.




Fallowed acreage varies year to year, but the researchers found that the geographic coverage of these unfarmed lands expanded between 2008 and 2022, and that growth could be linked to an increase in dust activities.

Although it is common to rotate crops and idle lands regularly, the expansion of unplanted lands is partly due to the Sustainable Groundwater Management Act, which requires farmers to limit the water they use yearly.

"The goal of the Sustainable Groundwater Management Act is clearly to balance groundwater, which is important for California's future," Adebiyi said. "However, there are unintended consequences to nearby communities, such as potential dust that comes from farmland fallowed due to SGMA, and what is crucial are those mitigation efforts that can reduce wind erosion."

The researchers suggested farmers consider cover crops or ground cover that increases soil health and reduces dust.

Widespread dust events are generally driven by weather, such as strong winds or storms, but dust becomes more likely when soil is dry and disturbed, the latter being human-caused, Abatzoglou said. Human activity, including construction and farming, heavily drives localized dust.

Continued research, such as this study and another recent one that resulted in a report from a coalition called UC Dust, will help researchers better understand dust's impacts on a wide range of concerns and challenges.

"A better understanding of what likely dominates anthropogenic dust from agricultural sources may help us better represent the overall impacts of dust in other parts of the country and the world," Adebiyi said.

One of the biggest unknowns in simulating climate and health impacts of dust in the future is how anthropogenic dust may change.

"Because our study points to fallowed or idled farmlands as a dominant contributor, that may change how we estimate overall dust impact," he said.
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Research shows how solar arrays can aid grasslands during drought | ScienceDaily
New research from Colorado State University and Cornell University shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.


						
The findings were published in Environmental Research Letters this week. The paper outlines the potential benefits and challenges when photovoltaic (PV) arrays are located in grassland ecosystems. The findings are particularly relevant when considering drought in the arid west and the potential for future climate change.

While solar power systems are a key source of renewable energy, they reduce the amount of sunlight available for plant growth, which could impact these complex ecosystems in ways that reduce the wildlife they support, the carbon they store and the amount of forage they produce for livestock grazing. The work, based on four years of data from an agrivoltaics solar facility in Longmont, Colorado, represents the first effort to field test how co-locating solar and grasslands changes those dynamics.

Colorado's semi-arid grasslands often need more water than is available through precipitation in each season.

The team found that plants beneath and around the solar systems in that environment benefited from partial shading and additional water that collects on panels -- aiding in their fight to survive during the harsh summer months. They found that during a dry year, grass growth on the east side of panels was up to 90% more productive in some cases than the neighboring open site. During wet and normal years, this positive grass production response was reduced, but the east side of the panels still saw more grass production than the control site.

Cornell Postdoctoral Research Associate Matthew Sturchio is an author on the paper along with CSU University Distinguished Professor Alan Knapp. Sturchio was previously part of Knapp's team in the Department of Biology, and he is still an affiliated researcher at CSU.

Sturchio said the results demonstrate the potential of solar land use synergies in grasslands that support both needed renewable power generation and ecosystem stability.




"There have been several studies reporting improved plant and water relations from solar arrays," he said. "However, this is the first analysis that shows how that pattern becomes more pronounced with increasing aridity or dryness like we see in Colorado.

"The most important takeaway here is that even though this solar array was designed to maximize energy generation -- not to promote beneficial environmental conditions for the grasses grown beneath -- it still provided a more favorable environment during a dry year."

Sturchio said those gains could increase if panels were instead designed to maximize their benefits depending on conditions. That may include changing their position to provide shade when air temperatures rise or configuring them to let more light in during key parts of the growing season.

"With small changes in array design, configuration and management, we may even realize untapped benefits, particularly those related to water use," he said.

The paper is part of ongoing research by the pair into agrivoltaics: a dual use approach where solar power infrastructure is designed and placed to also support livestock grazing or pollinator habitats in parallel. Those agricultural options don't require irrigation or machinery. However, because of their heavy reliance on rain to support plant growth, research like this is needed to understand how the addition of panels changes the environment overall.

Knapp and his lab have been studying grasslands at CSU for decades, focusing primarily on how they cope with chronic water stress and drought. He said research in the paper focuses on perennial C3, "cool season" grasses that prefer wetter conditions. The next step will be to study the more common C4 grasses found in the plains of Colorado. Those plants flourish in warmer conditions with lots of sunlight.

"Those grasslands are even more water-limited than the ones we used in this study. Thus, we expect the capability of solar arrays to mitigate water stress may be even greater," Knapp said.

Sturchio added that solar panels may even provide an opportunity to restore grassland ecosystems by promoting diverse plant communities. He said building solar facilities in ecosystems that could benefit from their strategic placement is an obvious win-win.

"We hypothesize that grassland restoration in arid and semi-arid regions could benefit not only from the favorable conditions in solar arrays, but also from the environmental heterogeneity created by panels," he said. "We are excited to test the functional underpinnings of that idea at the newly constructed Shortgrass Ecovoltaic Research Facility in Nunn, Colorado, very soon."
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Air-quality monitoring underestimates toxic emissions to Salton Sea communities, study finds | ScienceDaily
A newly published study finds that California's Salton Sea emits hydrogen sulfide, a toxic and foul-smelling gas, at rates that regularly exceed the state's air quality standards. The presence of these emissions in communities surrounding the Salton Sea are "vastly underestimated" by government air-quality monitoring systems, the researchers found.


						
The study, published in the journal GeoHealth, underscores the risk posed by hydrogen-sulfide emissions to communities already burdened by other environmental and socioeconomic stressors, the researchers say.

"The communities around the Salton Sea are on the front lines of a worsening environmental health crisis," said study co-author Mara Freilich, an assistant professor in Brown University's Department of Earth, Environmental and Planetary Sciences. "Our study shows that hydrogen-sulfide emissions are not only more intense than previous monitoring captured, but they are systematically underreported -- especially when sensors are placed away from the lake or out of alignment with prevailing winds."

Located about 160 miles east of Los Angeles, the Salton Sea is California's largest lake. Though bodies of water had filled the basin previously, the current sea formed in 1905, when water from the Colorado River breached an irrigation canal and spilled into the Salton Sink. Since 1907, the lake has been maintained mostly by runoff from the surrounding basin, including agricultural runoff and wastewater that flows in but not out, making the Salton Sea more saline than the Pacific Ocean.

In the 1940s and 1950s, the area became a popular vacation destination, and new residents flocked to neighborhoods near the lakeshore. But during the second half of the 20th century, lake levels began dropping rapidly, partly because of a hotter and dryer climate and partly because of policies that diverted more water away from the valley. Increasing concentrations of salt and nutrients from agricultural runoff created algal blooms that deprived the lake of oxygen, killing fish and plant life. That desiccating organic matter emits hydrogen sulfide, which has been shown to cause headaches, nausea, fatigue, as well as long-term neurological and respiratory effects at even low levels of exposure, the researchers say.

For this study, researchers from Brown, the University of California, Los Angeles, Loma Linda University, and the University of California, Berkeley, worked with Alianza Coachella Valley, a local nonprofit community organization, to examine the causes of hydrogen-sulfide emissions from the lake. The researchers used data from weather stations and air-quality sensors installed by the South Coast Air Quality Management District (SCAQMD), a local government agency serving Southern California. Those data were combined with data from remote sensing observations as well as additional air-quality sensors the research team placed within the lake.

The study found that between 2013 and 2024, SCAQMD sensors in the communities of Indio, Mecca and the Torres Martinez Indian Reservation frequently showed hydrogen sulfide readings exceeding State of California standards. The exceedances were most likely in the summer and most pronounced at the Torres Martinez site, which is the closest of the three to the lake. In the month of August for each year from 2013 to 2024, Torres Martinez had an average of more than 250 hours of readings in excess of state standards.




A comparison of wind direction data confirmed that exceedances tended to happen when the wind was blowing into communities from the direction of the lake. An additional sensor the research team placed in the shallow waters of the lake picked up consistently high hydrogen sulfide levels regardless of wind direction. That helps to confirm that the lake is indeed the source of hydrogen-sulfide emissions, and suggests that only a fraction of the total emissions is being captured by community-based regulatory sensors. Currently, only three of the numerous communities on the Salton Sea's long shoreline are monitored by regulatory agencies.

"Our results indicate that a significant portion of [hydrogen-sulfide] emissions remains unaccounted for, potentially being transported to communities without air monitoring stations," the researchers wrote.

The findings highlight the need for increased air-quality monitoring around the Salton Sea, the researchers say. There's also a need for further study of the public health consequences of these emissions.

"Community residents exposed to hydrogen sulfide are impacted not only in their physical health -- experiencing respiratory irritation, headaches and fatigue -- but as well in their quality of life," said Diego Centeno, study co-author who carried out this work as a researcher at Brown University and is now a Ph.D. candidate at UCLA. "As the sea's shoreline continues to recede and sulfate concentrations increase, there is a growing concern that hydrogen sulfide will emit more frequently and at greater magnitudes."

The residents who live in the impacted communities are primarily Latinx and Indigenous (Torres Martinez Desert Cahuilla Indians) and already face elevated rates of asthma and other respiratory illnesses.

"This is a textbook case of environmental injustice," said Aydee Palomino, project manager for the Campaign for Thriving Salton Sea Communities at Alianza Coachella Valley and a study co-author. "People in the Coachella and Imperial valleys are breathing in pollutants that are under the radar of traditional monitoring systems. Our work highlights the power of community science to expose these gaps and push for equitable solutions."

The research was supported by Burroughs Wellcome Fund, the Google Environmental Justice Data Fund and NASA. Freilich learned in March 2025 that the NASA grant supporting this work had been terminated. She said the unexpected termination has disrupted planned follow-up work, including efforts to share and discuss the findings with members of the affected community.
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        Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict
        Astronomers have revealed new research showing that millions of new solar system objects are likely to be detected by a brand-new facility, which is expected to come online later this year.

      

      
        Tea, berries, dark chocolate and apples could lead to a longer life span, study shows
        New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.

      

      
        Being in nature can help people with chronic back pain manage their condition
        Researchers asked patients, some of whom had experienced lower back pain for up to 40 years, if being in nature helped them coped better with their lower back pain. They found that people able to spend time in their own gardens saw some health and wellbeing benefits. However, those able to immerse themselves in larger green spaces such as forests felt even more positive, as they were able to lose themselves in the environment and focus more on that than their pain levels. The researchers have rec...

      

      
        Scientists say next few years vital to securing the future of the West Antarctic Ice Sheet
        Collapse of the West Antarctic Ice Sheet could be triggered with very little ocean warming above present-day, leading to a devastating four meters of global sea level rise to play out over hundreds of years according to a new study. However, the authors emphasize that immediate actions to reduce emissions could still avoid a catastrophic outcome.

      

      
        First direct observation of the trapped waves that shook the world in 2023
        A new study has finally confirmed the theory that the cause of extraordinary global tremors in September -- October 2023 was indeed two mega tsunamis in Greenland that became trapped standing waves. Using a brand-new type of satellite altimetry, the researchers provide the first observations to confirm the existence of these waves whose behavior is entirely unprecedented.

      

      
        DNA floating in the air tracks wildlife, viruses -- even drugs
        Environmental DNA from the air, captured with simple air filters, can track everything from illegal drugs to the wildlife it was originally designed to study.

      

      
        Baboons walk in line for friendship, not survival, new study finds
        Researchers have discovered that baboons walk in lines, not for safety or strategy, but simply to stay close to their friends.

      

      
        Black holes could act as natural supercolliders -- and help uncover dark matter
        Supermassive black holes might naturally replicate the colossal energies of man-made particle colliders possibly even revealing dark matter offering a cosmic shortcut to discoveries that would otherwise take decades and billions to pursue.

      

      
        Particles energized by magnetic reconnection in the nascent solar wind
        Scientists have identified a new source of energetic particles near the Sun. These definitive observations were made by instruments aboard NASA's Parker Solar Probe, which detected the powerful phenomena as the spacecraft dipped in and out of the solar corona.

      

      
        Geological time capsule highlights Great Barrier Reef's resilience
        New research adds to our understanding of how rapidly rising sea levels due to climate change foreshadow the end of the Great Barrier Reef as we know it. The findings suggest the reef can withstand rising sea levels in isolation but is vulnerable to associated environmental stressors arising from global climate change.

      

      
        The sweet spot: sugar-based sensors to revolutionize snake venom detection
        Researchers have published the first example of a synthetic sugar detection test for snake venom, offering a new route to rapid diagnosis and better antivenoms.

      

      
        Webb reveals the origin of the ultra-hot exoplanet WASP-121b
        Tracing the origin of an ultra-hot exoplanet: The chemical composition of WASP-121b suggests that it formed in a cool zone of its natal disc, comparable to the region of gas and ice giants in our Solar System. Methane indicates unexpected atmospheric dynamics: Despite extreme heat, methane was detected on the nightside -- a finding that can be explained by strong vertical atmospheric circulation. First detection of silicon monoxide in a planetary atmosphere: Measurements of this refractory gas al...

      

      
        Brain training game offers new hope for drug-free pain management
        A trial of an interactive game that trains people to alter their brain waves has shown promise as a treatment for nerve pain -- offering hope for a new generation of drug-free treatments.

      

      
        Attachment theory: A new lens for understanding human-AI relationships
        Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.

      

      
        Dancing brainwaves: How sound reshapes your brain networks in real time
        What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study, your brain doesn't just hear it -- it reorganizes itself in real time.

      

      
        Research shows how solar arrays can aid grasslands during drought
        New research shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.

      

      
        Singing to babies improves their mood
        Singing to your infant can significantly boost the baby's mood, according to a recent study. Around the world and across cultures, singing to babies seems to come instinctively to caregivers. Now, new findings support that singing is an easy, safe, and free way to help improve the mental well-being of infants. Because improved mood in infancy is associated with a greater quality of life for both parents and babies, this in turn has benefits for the health of the entire family, the researchers say...

      

      
        Scientists discover new evidence of intermediate-mass black holes
        A series of studies sheds light on the origins and characteristics of intermediate-mass black holes.

      

      
        Long shot science leads to revised age for land-animal ancestor
        The fossils of ancient salamander-like creatures in Scotland are among the most well-preserved examples of early stem tetrapods -- some of the first animals to make the transition from water to land. Thanks to new research, scientists believe that these creatures are 14 million years older than previously thought. The new age -- dating back to 346 million years ago -- adds to the significance of the find because it places the specimens in a mysterious hole in the fossil record called Romer's Gap.

      

      
        Listening to electrons talk
        Researchers present new experimental and theoretical results for the bound electron g-factor in lithium-like tin which has a much higher nuclear charge than any previous measurement. The experimental accuracy reached a level of 0.5 parts per billion. Using an enhanced interelectronic QED method, the theoretical prediction for the g-factor reached a precision of 6 parts per billion.

      

      
        Save twice the ice by limiting global warming
        A new study finds that if global warming exceeds the Paris Climate Agreement targets, the non-polar glacier mass will diminish significantly. However, if warming is limited to 1.5 degrees Celsius, at least 54 per cent could be preserved -- more than twice as much ice as in a 2.7 C scenario.

      

      
        Birds nested in Arctic alongside dinosaurs
        Spring in the Arctic brings forth a plethora of peeps and downy hatchlings as millions of birds gather to raise their young. The same was true 73 million years ago, according to a new article. The paper documents the earliest-known example of birds nesting in the polar regions.

      

      
        Leprosy existed in America long before arrival of Europeans
        Long considered a disease brought to the Americas by European colonizers, leprosy may actually have a much older history on the American continent. Scientists reveal that a recently identified second species of bacteria responsible for leprosy, Mycobacterium lepromatosis, has been infecting humans in the Americas for at least 1,000 years, several centuries before the Europeans arrived.

      

      
        Anthropologists spotlight human toll of glacier loss
        Anthropologists have examined the societal consequences of global glacier loss. This article appears alongside new research that estimates that more than three-quarters of the world's glacier mass could disappear by the end of the century under current climate policies.

      

      
        New quantum visualization technique to identify materials for next generation quantum computing
        Scientists have developed a powerful new tool for finding the next generation of materials needed for large-scale, fault-tolerant quantum computing. The significant breakthrough means that, for the first time, researchers have found a way to determine once and for all whether a material can effectively be used in certain quantum computing microchips.

      

      
        Sustained in the brain: How lasting emotions arise from brief stimuli, in humans and mice
        Humans and mice share persistent brain-activity patterns in response to adverse sensory experience, scientists find, opening a window to our emotions and, perhaps, neuropsychiatric disorders.

      

      
        Evolution of a single gene allowed the plague to adapt, survive and kill much of humanity over many centuries
        Scientists have documented the way a single gene in the bacterium that causes bubonic plague, Yersinia pestis, allowed it to survive hundreds of years by adjusting its virulence and the length of time it took to kill its victims, but these forms of plague ultimately died out.

      

      
        Rock record illuminates oxygen history
        A new study reveals that the aerobic nitrogen cycle in the ocean may have occurred about 100 million years before oxygen began to significantly accumulate in the atmosphere, based on nitrogen isotope analysis from ancient South African rock cores. These findings not only refine the timeline of Earth's oxygenation but also highlight a critical evolutionary shift, where life began adapting to oxygen-rich conditions -- paving the way for the emergence of complex, multicellular organisms like humans.
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Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict | ScienceDaily
A group of astronomers from across the globe, including a team from the University of Washington and led by Queen's University Belfast, have revealed new research showing that millions of new solar system objects will be detected by a brand-new facility, which is expected to come online later this year.


						
The NSF-DOE Vera C. Rubin Observatory is set to revolutionize our knowledge of the solar system's "small bodies" -- asteroids, comets and other minor planets.

The Rubin Observatory, under construction on the Cerro Pachon ridge in northern Chile, features the 8.4-meter Simonyi Survey Telescope with a unique three-mirror design capable of surveying the entire visible sky every few nights. At its heart is the world's largest digital camera -- the 3.2 gigapixel Legacy Survey of Space and Time (LSST) Camera -- covering a 9.6 square-degree field of view with six filters, roughly 45 times the area of the full moon. Together, this "wide-fast-deep" system will generate 20 terabytes of data every night -- creating an unprecedented time-lapse "movie" of the cosmos over the next 10 years, and an incredibly powerful dataset with which to map the solar system.

The team of astronomers, led by Queen's University's Meg Schwamb, created Sorcha, an innovative new open-source software used to predict what discoveries are likely to be made. Sorcha is the first end-to-end simulator that ingests Rubin's planned observing schedule. It applies assumptions on how Rubin Observatory sees and detects astronomical sources in its images with the best model of what the solar system and its small body reservoirs look like today.

"Accurate simulation software like Sorcha is critical," said Schwamb, a reader in the School of Mathematics and Physics at Queen's University. "It tells us what Rubin will discover and lets us know how to interpret it. Our knowledge of what objects fill Earth's solar system is about to expand exponentially and rapidly."

In addition to the eight major planets, the solar system is home to a vast population of small bodies that formed alongside the planets more than 4.5 billion years ago. Many of these smaller bodies remain essentially unchanged since the solar system's birth, acting as a fossil record of its earliest days. By studying their orbits, sizes and compositions, astronomers can reconstruct how planets formed, migrated and evolved.

These objects -- numbering in the tens of millions -- -- provide a powerful window into processes such as the delivery of water and organic material to Earth, the reshaping of planetary orbits by giant planets and the ongoing risk posed by those whose paths bring them near our planet.




In addition to Queen's University and the UW, the international team includes researchers from the Center for Astrophysics | Harvard & Smithsonian and the University of Illinois Urbana-Champaign.

A series of papers describing the software and the predictions have been accepted for publication by The Astronomical Journal.

Beyond just finding these new small bodies, Rubin Observatory will observe them multiple times using different optical filters, revealing their surface colors. Past solar system surveys typically observed with a single filter.

"With the LSST catalog of solar system objects, our work shows that it will be like going from black-and-white television to brilliant color," said Joe Murtagh, a doctoral student at Queen's University. "It's very exciting -- we expect that millions of new solar system objects will be detected and most of these will be picked up in the first few years of sky survey."

The team's simulations show that Rubin will map:
    	    127,000 near-Earth objects -- asteroids and comets whose orbits cross or approach Earth. That's more than tripling today's known objects, about 38,000, and detecting more than 70% of potentially hazardous bodies larger than 140 meters. This will cut the risk of undetected asteroid impact of catastrophic proportions by at least two times, making a tremendous contribution to planetary defense.
    
    	    


Over 5 million main-belt asteroids, up from about 1.4 million, with precise color and rotation data on roughly one in three asteroids within the survey's first years. This will give scientists unprecedented insight into the characteristics and history of the solar system's building blocks.
    
    	    109,000 Jupiter Trojans, bodies sharing Jupiter's orbit at stable "Lagrange" points -- more than seven times the number cataloged today. These bodies represent some of the most pristine material dating all the way back to the formation of the planets.
    
    	    37,000 trans-Neptunian objects, residents of the distant Kuiper Belt -- nearly 10 times the current census -- shedding light on Neptune's past migration and the outer solar system's history.
    
    	    Approximately 1,500-2,000 Centaurs, bodies on short-lived giant planet-crossing orbits in the middle solar system. Most Centaurs will eventually be ejected from the solar system, but a few lucky ones will survive to become short-period comets. The LSST will provide the first detailed view of the Centaurs and the important transition stage from Centaur to comet. 
    

Rubin Observatory's LSST is a once-in-a-generation opportunity to fill in the missing pieces of our solar system, said Mario Juric, a member of the Sorcha team and a UW professor of Astronomy. Juric also is a team lead of Rubin's Solar System Processing Pipelines and a director of UW's DiRAC Institute.

"Our simulations predict that Rubin will expand known small-body populations by factors of 4-9x, delivering an unprecedented trove of orbits, colors and light curves," Juric said. "With this data, we'll be able to update the textbooks of solar system formation and vastly improve our ability to spot -- and potentially deflect -- the asteroids that could threaten Earth."

It took 225 years of astronomical observations to detect the first 1.5 million asteroids, and researchers found that Rubin will double that number in less than a year, said Jake Kurlander, a doctoral student at the UW.

"Rubin's unparalleled combination of breadth and depth make it a uniquely effective discovery machine," Kurlander said.

Siegfried Eggl, an assistant professor of Aerospace Engineering at the University of Illinois Urbana-Champaign added: "Only by debiasing LSST's complex observing pattern can we turn raw detections into a true reflection of the solar system's history -- where the planets formed, and how they migrated over billions of years. Sorcha is a game changer in that respect."

The Sorcha code is open-source and freely available with the simulated catalogs, animations at https://sorcha.space. By making these resources available, the Sorcha team has enabled researchers worldwide to refine their tools and be ready for the flood of LSST data that Rubin will generate, advancing the understanding of the small bodies that illuminate the solar system like never before.

Rubin Observatory is scheduled to unveil its first spectacular imagery at its "First Look" event on June 23, offering the world an early glimpse of the survey's power. Full science operations are slated to begin later this year.
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Tea, berries, dark chocolate and apples could lead to a longer life span, study shows | ScienceDaily
New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.


						
The study was led by a team of researchers from Queen's University Belfast, Edith Cowan University Perth (ECU), and the Medical University of Vienna and Universitat Wien.

The findings reveal that increasing the diversity of flavonoids within your diet could help prevent the development of health conditions such as type 2 diabetes, cardiovascular disease (CVD), cancer and neurological disease.

Flavonoids are found in plant foods like tea, blueberries, strawberries, oranges, apples, grapes, and even red wine and dark chocolate.

Published in Nature Food, the study tracked over 120,000 participants aging from 40 to 70 years old for over a decade. It is the first study of its kind to suggest that there is a benefit to consuming a wide range of flavonoids beyond that of simply consuming a high quantity.

ECU Research Fellow, first author and co-lead of the study Dr Benjamin Parmenter, made the initial discovery that a flavonoid-diverse diet is good for health.

"Flavonoid intakes of around 500 mg a day was associated with a 16% lower risk of all-cause mortality, as well as a ~10% lower risk of CVD, type 2 diabetes, and respiratory disease. That's roughly the amount of flavonoids that you would consume in two cups of tea."

Dr Parmenter added, however, that those who consumed the widest diversity of flavonoids, had an even lower risk of these diseases, even when consuming the same total amount. For example, instead of just drinking tea, it's better to eat a range of flavonoid-rich foods to make up your intake, because different flavonoids come from different foods.




"We have known for some time that higher intakes of dietary flavonoids, powerful bioactives naturally present in many foods and drinks, can reduce the risk of developing heart disease, type 2 diabetes, and neurological conditions like Parkinson's," study co-lead Professor Aedin Cassidy from the Co-Centre for Sustainable Food Systems and Institute for Global Food Security at Queen's said.

"We also know from lab data and clinical studies that different flavonoids work in different ways, some improve blood pressure, others help with cholesterol levels and decrease inflammation. This study is significant as the results indicate that consuming a higher quantity and wider diversity has the potential to lead to a greater reduction in ill health than just a single source."

Professor Tilman Kuhn from the Medical University of Vienna, Universitat Wien and Queen's University Belfast was also a co-lead author, noted that the importance of diversity of flavonoid intake has never been investigated until now, making this study very significant as the findings align with popular claims that eating colourful foods are invaluable to maintain good health.

"Eating fruits and vegetables in a variety of colours, including those rich in flavonoids, means you're more likely to get the vitamins and nutrients you need to sustain a healthier lifestyle," he said.

The first-ever dietary guidelines for flavonoids were released recently recommending increasing the consumption of flavonoids to maintain health.

"Our study provides inaugural evidence that we may also need to advise increasing diversity of intake of these compounds for optimal benefits," Dr Parmenter said.

"The results provide a clear public health message, suggesting that simple and achievable dietary swaps, such as drinking more tea and eating more berries and apples for example, can help increase the variety and intake of flavonoid-rich foods, and potentially improve health in the long-term," Professor Cassidy added.
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Being in nature can help people with chronic back pain manage their condition | ScienceDaily
ing time in or around nature can provide people suffering from chronic lower back pain with a degree of escapism that helps them better manage their physical discomfort, a new study has shown.


						
The research, published in The Journal of Pain, is the first of its kind to ask people experiencing chronic lower back pain - in some cases for almost 40 years - about the role nature plays in any coping strategies they employ to help manage their condition.

The researchers found that people able to get out in nature said it enabled them to connect with others on a social level whereas they might otherwise spend the majority of their time indoors and isolated.

It provided them with a degree of distraction from their pain and a sense of escapism from their daily lives, and they enjoyed the opportunity to exercise in pleasant surroundings, preferring it to gyms or similar settings.

In addition, natural features such as fresh air and the sound and visual presence of water, the interviewees said, helped give them a feeling of tranquillity that relieved the stresses and anxieties created by their pain levels.

However, they did have concerns about the accessibility of some spaces, with factors such as unsteady or uneven terrain and a lack of seating having the potential to reduce their enjoyment of - and making them less inclined to visit - certain places.

Based on their findings, the researchers have recommended that people with chronic lower back pain - and the clinicians treating them - give greater consideration to the role nature can play in their health and wellbeing, and suggested natural spaces could be adapted to incorporate more accessible design features.




They are also working with people with varying forms of chronic pain to develop and test virtual reality innovations that may enable them to experience the benefits of being in nature on occasions where they can't physically access them.

The study was conducted by experts in pain management and environmental psychology at the University of Plymouth and University of Exeter, and is based on interviews with 10 people who had experienced chronic lower back pain for between five and 38 years.

Alexander Smith, a PhD researcher in the University of Plymouth's School of Psychology and the study's lead author, said: "Lower back pain, like many other forms of physical discomfort, can be debilitating, isolating and exhausting. But amid a push for novel and more holistic therapies to treat chronic pain, nature has been suggested as a potential option. Our research showed that those able to get out into nature saw the benefits of doing so, both from a physical and a mental perspective. Simple changes, such as better paths and seating, and technological innovations including virtual reality may help make those benefits accessible to everyone. But we hope our findings open the door to greater exploration of how that might be achieved."

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter and the study's senior author, added: "This study addresses important questions about health equity and the significant physical barriers faced by people living with chronic pain in accessing natural spaces. Many individuals encounter substantial obstacles, including uneven terrain, limited seating, or difficulties leaving their homes, making it challenging for them to benefit from the restorative properties of nature. We think that future research could use immersive technologies, such as virtual reality, to help overcome these barriers which would enable individuals to experience the benefits of nature without needing to physically navigate inaccessible environments. This could significantly enhance inclusivity and accessibility in chronic pain management strategies in the future."
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Scientists say next few years vital to securing the future of the West Antarctic Ice Sheet | ScienceDaily
Collapse of the West Antarctic Ice Sheet could be triggered with very little ocean warming above present-day, leading to a devastating four metres of global sea level rise to play out over hundreds of years according to a study now published in Communications Earth & Environment, co-authored by the Potsdam Institute for Climate Impact Research (PIK). However, the authors emphasise that immediate actions to reduce emissions could still avoid a catastrophic outcome.


						
Scientists at PIK, the Norwegian research centre NORCE and Northumbria University in the United Kingdom conducted model simulations going back 800,000 years to give an extended view of how the vast Antarctic Ice Sheet has responded in the past to the Earth's climate as it moved between cold "glacial" and warmer "interglacial" periods.

"In the past 800,000 years, the Antarctic Ice Sheet has had two stable states that it has repeatedly tipped between. One, with the West Antarctic Ice Sheet in place, is the state we are currently in. The other state is where the West Antarctic Ice Sheet has collapsed," lead author David Chandler from NORCE commented.

The major driver of change between the two states is rising ocean temperatures around Antarctica, because the heat melting the ice in Antarctica is supplied mostly by the ocean, rather than the atmosphere. Once the ice sheet has tipped to the collapsed state, reversal back to the stable present-day state would need several thousands of years of temperatures at or below pre-industrial conditions.

"Once tipping has been triggered it is self-sustaining and seems very unlikely to be stopped before contributing to about four meters of sea-level rise. And this would be practically irreversible," Chandler said.

"It takes tens of thousands of years for an ice sheet to grow, but just decades to destabilise it by burning fossil fuels. Now we only have narrow window to act," said co-author Julius Garbe from PIK.
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First direct observation of the trapped waves that shook the world in 2023 | ScienceDaily
In September 2023, a bizarre global seismic signal was observed which appeared every 90 seconds over nine days -- and was then repeated a month later. Almost a year later, two scientific studies proposed that the cause of these seismic anomalies were two mega tsunamis which were triggered in a remote East Greenland fjord by two major landslides which occurred due to warming of an unnamed glacier. The waves were thought to have become trapped in the fjord system, forming standing waves (or seiches) that undulated back and forth, causing the mystery signals.


						
However, up to now no observations of these seiches existed to confirm this theory. Even a Danish military vessel which visited the fjord three days into the first seismic event did not observe the wave which was shaking the Earth.

In the new study, the Oxford researchers used novel analysis techniques to interpret satellite altimetry data. This measures the height of the Earth's surface (including the ocean) by recording how long it takes for a radar pulse to travel from a satellite to the surface and back again. Up to now, conventional satellite altimeters were not able to capture evidence of the wave due to long gaps between observations, and the fact that they sample data directly beneath the spacecraft, producing 1D profiles along the sea-surface. This makes them incapable of depicting the differences in water height needed to spot the waves.

This study used data captured by the new Surface Water Ocean Topography (SWOT) satellite, launched in December 2022 to map the height of water across 90% of Earth's surface. At the heart of SWOT is the cutting-edge Ka-band Radar Interferometer (KaRIn) instrument, which uses two antennas mounted on a 10-meter boom on either side of the satellite. These two antennas work together to triangulate the return signals that bounce back from the radar pulse -- enabling them to measure ocean and surface water levels with unprecedented accuracy (up to 2.5 meters resolution) along a swath 30 miles (50 kilometers) wide.

Using KaRIn data, the researchers made elevation maps of the Greenland Fjord at various time points following the two tsunamis. These showed clear, cross-channel slopes with height differences of up to two metres. Crucially, the slopes in these maps occurred in opposite directions, showing that water moved backwards and forwards across the channel.

To prove their theory, the researchers linked these observations to small movements of the Earth's crust measured thousands of kilometres away. This connection enabled them to reconstruct the characteristics of the wave, even for periods which the satellite did not observe. The researchers also reconstructed weather and tidal conditions to confirm that the observations could not have been caused by winds or tides.

Lead author Thomas Monahan (DPhil student, Department of Engineering Science, University of Oxford) said: "Climate change is giving rise to new, unseen extremes. These extremes are changing the fastest in remote areas, such as the Arctic, where our ability to measure them using physical sensors is limited. This study shows how we can leverage the next generation of satellite earth observation technologies to study these processes."

"SWOT is a game changer for studying oceanic processes in regions such as fjords which previous satellites struggled to see into."

Co-author Professor Thomas Adcock (Department of Engineering Science, University of Oxford) said: "This study is an example of how the next generation of satellite data can resolve phenomena that has remained a mystery in the past. We will be able to get new insights into ocean extremes such as tsunamis, storm surges, and freak waves. However, to get the most out of these data we will need to innovate and use both machine learning and our knowledge of ocean physics to interpret our new results."
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DNA floating in the air tracks wildlife, viruses -- even drugs | ScienceDaily
Dublin is known as a city where you can enjoy a few pints of Guiness, get a warm welcome from the locals and hear lively traditional music drifting out of pubs and into the city air.


						
But it's not just music floating on the breeze. The air of Dublin also contains cannabis, poppy, even magic mushrooms -- at least their DNA.

That's according to a new study that reveals the power of DNA, vacuumed up from the air, which can track everything from elusive bobcats to illicit drugs.

"The level of information that's available in environmental DNA is such that we're only starting to consider what the potential applications can be, from humans, to wildlife to other species that have implications for human health," said David Duffy, Ph.D., a professor of wildlife disease genomics at the University of Florida and lead author of a new study showing the widespread utility of DNA vacuumed from the air.

Housed at UF's Whitney Laboratory for Marine Bioscience, Duffy's lab developed new methods for deciphering environmental DNA, also known as eDNA, to study sea turtle genetics. They've expanded the tools to study every species -- including humans -- from DNA captured in environmental samples like water, soil and sand.

But these errant strands of DNA do not just settle into muddy soil or flow along rivers. The air itself is infused with genetic material. A simple air filter running for hours, days or weeks can pick up signs of nearly every species that grows or wanders nearby.

"When we started, it seemed like it would be hard to get intact large fragments of DNA from the air. But that's not the case. We're actually finding a lot of informative DNA," Duffy said. "That means you can study species without directly having to disturb them, without ever having to see them. It opens up huge possibilities to study all the species in an area simultaneously, from microbes and viruses all the way up to vertebrates like bobcats and humans, and everything in between."

As a proof of concept, the researchers showed that they could pick up signs of hundreds of different human pathogens from the Dublin air, including viruses and bacteria. Such surveillance could help scientists track emerging diseases. The same method can track common allergens, like peanut or pollen, more precisely than is currently possible, the scientists discovered.




In another test of the power of eDNA, Duffy's lab was also able to identify the origin of bobcats and spiders whose DNA was hoovered up from air in a Florida forest. With little more than an air filter, scientists could track endangered species and identify where they came from, all without having to lay eyes on skittish animals or root around forest floors for scat samples. When trying to save and conserve wildlife, knowing where an animal originates from can be as important as knowing where it currently is.

This powerful analysis was paired with impressive speed and efficiency. The team demonstrated that a single researcher could process DNA for every species in as little as a day using compact, affordable equipment, and software hosted in the cloud. That quick turnaround is orders of magnitude faster than would have been possible just a few years ago and opens up advanced environmental studies to more scientists around the world. The same tools can potentially identify sensitive human genetic data, which is why Duffy and his collaborators have called for ethical guardrails for the rapidly developing field of eDNA.

"It seems like science fiction, but it's becoming science fact," Duffy said. "The technology is finally matching the scale of environmental problems."
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Baboons walk in line for friendship, not survival, new study finds | ScienceDaily
Researchers at Swansea University have discovered that baboons walk in lines, not for safety or strategy, but simply to stay close to their friends.


						
Baboons often travel in structured line formations known as 'progressions' as they move through their home range. Previous studies offered conflicting explanations for this behavior. Some proposed that the order was random, while others argued that baboons strategically positioned themselves, with vulnerable individuals walking in the center to reduce their risk of attack.

Now, using high-resolution GPS tracking, researchers from Swansea University have re-examined this behavior in a group of wild chacma baboons (Papio ursinus) on South Africa's Cape Peninsula. Their findings, published in the journal Behavioral Ecology, reveal that baboon movement patterns are driven by social bonds rather than survival strategies.

The team analysed 78 travel progressions over 36 days and showed that the order in which the individual baboons travelled were not random.

The researchers tested four potential explanations for the baboon progression order:
    	Protecting the vulnerable (risk hypothesis)
    	Competing for resources (competition hypothesis)
    	Following leaders (group decision-making hypothesis)
    	Patterns emerging from social relationships (social spandrel hypothesis)

After analysing the data, the researchers found that the baboons' movement patterns were driven solely by their social relationships.

Dr Andrew King, Associate Professor at Swansea University said: "Surprisingly, the consistent order we see for the baboons we studied isn't about avoiding danger like we see in prey animals when they position themselves in the middle of their social group, or for better access to food or water like we see in like we see in the movements of plains zebra. Instead, it's driven by who they're socially bonded with. They simply move with their friends, and this produces a consistent order.

"In the baboon group we studied, the more socially connected, higher-ranking individuals usually walk in the middle of the group, while lower-ranking baboons are often out in front or at the rear. During these group movements -- like heading to a familiar sleeping spot -- it's likely that the group already knows where they're going. So, the baboons at the front aren't really leading; they're just out ahead."

This finding introduces the concept of a 'social spandrel'. In buildings, spandrels are the triangular spaces that emerge as by-products when arches are placed side by side. In biology, a spandrel refers to a trait that arises not because it was directly selected for, but as a side effect of something else. In this case, the consistent travel patterns among baboons emerge naturally from their social affiliations with each other, and not as an evolved strategy for safety or success.

Marco Fele, the study's lead author and PhD student at Swansea University, said: "We know that strong social bonds are important for baboons -- they're linked to longer lives and greater reproductive success. But in this context, those bonds aren't serving a specific purpose. The travel order we see is simply a by-product of those relationships, not a strategy with immediate benefits. Our study highlights the potential for these kinds of spandrels in collective animal behaviour."
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Black holes could act as natural supercolliders -- and help uncover dark matter | ScienceDaily
As federal funding cuts impact decades of research, scientists could turn to black holes for cheaper, natural alternatives to expensive facilities searching for dark matter and similarly elusive particles that hold clues to the universe's deepest secrets, a new Johns Hopkins study of supermassive black holes suggests.


						
The findings could help complement multi-billion-dollar expenses and decades of construction needed for research complexes like Europe's Large Hadron Collider, the largest and highest-energy particle accelerator in the world.

"One of the great hopes for particle colliders like the Large Hadron Collider is that it will generate dark matter particles, but we haven't seen any evidence yet," said study co-author Joseph Silk, an astrophysics professor at Johns Hopkins University and the University of Oxford, UK. "That's why there are discussions underway to build a much more powerful version, a next-generation supercollider. But as we invest $30 billion and wait 40 years to build this supercollider -- nature may provide a glimpse of the future in super massive black holes."

The research appears today in Physical Review Letters.

Particle colliders smash protons and other subatomic particles into each other at nearly the speed of light, exposing the most fundamental aspects of matter. Subtle energy flashes and debris from the clash could reveal previously undiscovered particles, including potential candidates for dark matter, a critical but ghostly component of the universe that scientists have yet to detect. Facilities such as the Large Hadron Collider, a 17-mile circular tunnel, have also helped transform the internet, cancer therapy, and high-performance computing.

A black hole can spin around its axis like a planet, but with much greater strength because of its intense gravitational field. Scientists are increasingly discovering that some rapidly spinning massive black holes at the centers of galaxies release enormous outbursts of plasma, likely because of jets powered by energy from their spin and surrounding accretion disks. It's these events that could potentially generate the same results as human-made supercolliders, the new study shows.

"If supermassive black holes can generate these particles by high-energy proton collisions, then we might get a signal on Earth, some really high-energy particle passing rapidly through our detectors," said Silk, who is also a researcher at the Institute of Astrophysics in Paris and at the University of Oxford. "That would be the evidence for a novel particle collider within the most mysterious objects in the universe, attaining energies that would be unattainable in any terrestrial accelerator. We'd see something with a strange signature that conceivably provides evidence for dark matter, which is a bit more of a leap but it's possible."

The new study shows that plunging "gas flows" near a black hole can draw energy from its spin, becoming much more violent than scientists thought possible. Near a rapidly spinning black hole, these particles can chaotically collide. Although not identical, the process is similar to the collisions scientists create using intense magnetic fields to accelerate particles in the circular tunnel of a high-energy particle collider.




"Some particles from these collisions go down the throat of the black hole and disappear forever. But because of their energy and momentum, some also come out, and it's those that come out which are accelerated to unprecedentedly high energies," Silk said. "We figured out how energetic these beams of particles could be: as powerful as you get from a supercollider, or more. It's very hard to say what the limit is, but they certainly are up to the energy of the newest supercollider that we plan to build, so they could definitely give us complementary results."

To detect such high-energy particles, scientists could use observatories already tracking supernovae, massive black hole eruptions, and other cosmic events, Silk said. These include detectors like the IceCube Neutrino Observatory in the South Pole or the Kilometer Cube Neutrino Telescope, which recently detected the most energetic neutrino ever recorded under the Mediterranean Sea.

"The difference between a supercollider and a black hole is that black holes are far away," Silk said. "But nevertheless, these particles will get to us."

Dr. Andrew Mummery, a theoretical physicist at University of Oxford, is also an author of the study.
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Particles energized by magnetic reconnection in the nascent solar wind | ScienceDaily
New research led by a Southwest Research Institute scientist identified a new source of energetic particles near the Sun. These definitive observations were made by instruments aboard NASA's Parker Solar Probe, which detected the powerful phenomena as the spacecraft dipped in and out of the solar corona.


						
These new results offer fresh perspectives on how magnetic reconnection could heat the solar atmosphere, which then transitions into the solar wind, and also how solar flares accelerate a small fraction of charged particles to near-relativistic speeds.

"Through the SwRI-led Magnetospheric Multiscale mission, scientists made the first direct detection of the source of magnetic reconnection near Earth, observing how this explosive physical process converts stored magnetic energy into kinetic energy and heat," said SwRI's Dr. Mihir Desai, lead author of a new paper about this research. "Now Parker has made direct observations of how magnetic reconnection at the heliospheric current sheet (HCS), where the interplanetary field reverses its polarity, energizes charged particles to extremely high energies."

As Parker crossed the HCS, scientists discovered a sunward-directed reconnection jet and sunward-propagating highly energetic protons, establishing their origin from HCS reconnection sites and not from unrelated processes at the Sun. Within the core of the reconnection exhaust, Parker detected trapped energetic protons a thousand times greater than the available magnetic energy per particle.

"These findings indicate that magnetic reconnection in the HCS is an important source of energetic particles in the near-Sun solar wind," Desai said. "Everywhere there are magnetic fields there will be magnetic reconnection. But the Sun's magnetic fields are much stronger near the star, so there's a lot more stored energy to be released."

Magnetic reconnection -- when magnetic field lines converge, break apart and reconnect in an explosive physical process -- energizes particles and generates high-speed flows. At the heart of space weather, reconnection is responsible for powerful solar events, such as solar flares and coronal mass ejections (CMEs), and drives disturbances in Earth's space environment. Such disturbances produce spectacular auroras but can also shut down electrical power grids and disrupt satellite-based communication and navigation systems.

"Reports from the American Meteorological Society indicated that the powerful solar events in May 2024 wreaked havoc with farmers when extreme geomagnetic storms disrupted the precise GPS-guided navigation systems used to plant, fertilize and harvest rows of seeds, causing an estimated loss of up to $500 million in earning potential," Desai said. "Parker's access to this new data is critical, particularly as we remain in the midst of a very active solar cycle."

Parker was able to make these measurements due to its record-breaking proximity to the Sun, flying through its corona up to three times a year. Of particular interest is understanding how the Sun's atmosphere heats up and accelerates the solar wind. Understanding these processes can also help scientists develop ways to predict and mitigate the effects of solar flares and CMEs, as well as provide new insights for laboratory fusion research.

The Parker Solar Probe was developed as part of NASA's Living With a Star program to explore aspects of the Sun-Earth system that directly affect life and society. The Living With a Star program is managed by the agency's Goddard Space Flight Center in Greenbelt, Maryland, for NASA's Science Mission Directorate in Washington. The Johns Hopkins University Applied Physics Laboratory designed, built and operates the spacecraft and manages the mission for NASA.
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Geological time capsule highlights Great Barrier Reef's resilience | ScienceDaily
New research led by the University of Sydney adds to our understanding of how rapidly rising sea levels due to climate change foreshadow the end of the Great Barrier Reef as we know it.


						
The findings suggest the reef can withstand rising sea levels in isolation but is vulnerable to associated environmental stressors arising from global climate change.

Led by Professor Jody Webster from the School of Geosciences, the research was published today in Nature Communications. It draws from a geological time capsule of fossil reef cores, extracted from the seabed under the Great Barrier Reef.

The findings suggest rapid sea level rise in isolation did not spell the end of the reef's predecessor, Reef 4. Rather, associated environmental stressors like poor water quality and warming climates led, in combination, to its demise about 10,000 years ago (towards the end of the last ice age).

The ensuing one to two thousand years saw Reef 4 transition. Its shallow reef ecosystem moved landward to reestablish itself as the Great Barrier Reef we know today.

"This research shows us a healthy, active barrier reef can grow well in response to quite fast sea level rises," said Professor Webster. "It's the combination of additional environmental stressors, on top of rapid sea level rise, that lead to its demise.

The findings lend weight to already grave concerns about the Great Barrier Reef.




"The modern reef faces rising sea levels, more heat waves and extensive bleaching, along with increasing sediment and nutrient input. This combination, on top of rising sea levels, is of deep concern. If the current trajectory continues, we should be concerned about whether the Great Barrier Reef will survive the next 50 to 100 years in its current state.

"It won't die but its characteristics may change. We will see a different collection of coral species, perhaps simpler and not as structurally complex."

Learning from the 'proto-Great Barrier Reef'

The 15 to 20-metre cores underpinning this research comprise a mix of fossil coral, algae and sediments. They reveal how the reef's previous incarnations responded to rapid sea level rise. The cores analysed for this research focus on how the reef ecosystem evolved between 13,000 to 10,000 years ago.

Of particular interest to Professor Webster's team was the period known as Meltwater pulse 1B, between 11,450 and 11,100 years ago, when sea levels rose very rapidly.

"This 350-year period is crucial; it covers a time when global sea levels rose very rapidly," Professor Webster said. "It's a period when polar ice sheets are thought to have experienced accelerated melting due to warming temperatures. Based on records from Barbados, we previously thought sea levels were rising by about 40 millimetres a year at this time.




"Our research shows the rise wasn't so large and fast. It was more likely to have been in the order of three to five millimetres a year, comparable to what we're experiencing today."

Extracted by a drilling ship from beneath the Great Barrier Reef's shelf edge at a depth of 40 to 50 metres, the cores offered new insight into how Reef 4, also known as the proto-Great Barrier Reef, was impacted by rising sea levels.

"Reef 4 is very exciting," Professor Webster said. "It had a similar morphology and mix of coral reef communities to the modern Great Barrier Reef. The types of algae and corals, and their growth rates, are comparable.

"Understanding the environmental changes that influenced it, and led to its ultimate demise, therefore offers clues on what might happen to the modern reef."

Professor Webster and colleagues used radiometric dating and reef habitat information to accurately pinpoint core samples pertaining to Meltwater pulse 1B.

The cores underpinning this research were obtained under the International Ocean Discovery Program International Ocean Drilling Program (IODP), an international marine research collaboration involving 21 nations.

Professor Webster said his latest research highlights the importance of IODP and shows the value of these records, obtained by drilling deep beneath the seabed. They provide paleoclimate and paleoenvironmental data, going far further back in time than instrumental records which go back only 50 to 100 years.

"These data allow us to more precisely understand how reef and coastal ecosystems have responded to rapid environmental changes, like the rises in sea level and temperature we face today."

Professor Webster completed this research in collaboration with colleagues from the University of Tokyo, Australian National University, Nagoya University, the University of Granada and Aix-Marseille University.
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The sweet spot: sugar-based sensors to revolutionize snake venom detection | ScienceDaily
Every five minutes, 50 people are bitten by a snake worldwide; four will be permanently disabled and one will die. In the time-critical situation following a bite, identifying the snake venom making its way through your system is vital to saving lives and providing the best treatment.


						
Most approaches to diagnose and treat snake venom, a WHO neglected tropical disease, rely on antibodies. Antibody assays have several challenges associated with them, including high costs, lengthy procedures, and inconsistencies, and yet there are not robust, low-cost, and widely available alternatives to antibody-based approaches.

In this new research paper, published in ACS Biomacromolecules, Warwick researchers have shown the first proof of concept for a cheap and rapid alternative -- a glycopolymer-based ultraviolet-visible (UV-vis) test to detect snake venom. They showcase a version of this diagnostic assay in the paper that specifically detects Western Diamondback Rattlesnake (Crotalus atrox) venom.

Dr. Alex Baker, Assistant Professor at Warwick, lead researcher of the Baker Humanitarian Chemistry Group and senior author of the paper said: "Snake venoms are complex and detecting the toxins at work is challenging but essential to save lives. We've produced an assay using synthetic sugars that mimic the sugars in our bodies that the toxins naturally bind to and an amplification system that makes this rapid test visible. This method lays the foundations for the rapid and cheap detection of snakebite beyond antibody-based techniques, potentially improving improve patient outcomes."

Western Diamondback Rattlesnake venom has evolved to bind to specific sugar molecules on the surface of cells in the body, such as red blood cells and platelets. Specifically, the toxin binds to galactose-terminal glycans (sugar chains ending in galactose). Binding to these glycans allows the venom to disrupt blood clotting or interfere with the immune responses leading to disability and death.

To create the venom assay for Crotalus atrox venom, the team engineered synthetic chains of sugar-like units (glycopolymers), to mimic the natural sugar receptors targeted by venom proteins. The synthetic sugars were attached to gold nanoparticles to amplify the response and make the reaction visible, creating a test that changes colour when venom toxins bind to the synthetic sugars.

Mahdi Hezwani, first author and alumni of Dr Baker's research group said: "This assay could be a real game-changer for snake envenomation. Venoms from other snake species do not interact with glycans in the body. For example, when we tested venom from the Indian Cobra (Naja naja) we did not see binding to the synthetic glycans that bind to C.atrox venom. Hence this assay shows promise to be able to distinguish between different snake venoms based on their sugar-binding properties."

This is the first example of a diagnosis test using sugars for detecting snake venom in a rapid detection system, and builds on the work of this Warwick research group using a glyconanoparticle platform in COVID-19 detection.

This new assay is faster, cheaper, easier to store, is modifiable since the sugars can be custom-made to recognise a specific toxin and is an example of the bold, innovative solutions that will continue to be made possible through The University of Warwick's new STEM Connect programme.
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Webb reveals the origin of the ultra-hot exoplanet WASP-121b | ScienceDaily
Observations with the James Webb Space Telescope (JWST) have provided new clues about how the exoplanet WASP-121b has formed and where it might have originated in the disc of gas and dust around its star. These insights stem from the detection of multiple key molecules: water vapour, carbon monoxide, silicon monoxide, and methane. With these detections, a team led by astronomers Thomas Evans-Soma and Cyril Gapp was able to compile an inventory of the carbon, oxygen, and silicon in the atmosphere of WASP-121b. The detection of methane in particular also suggests strong vertical winds on the cooler nightside, a process often ignored in current models.


						
WASP-121b is an ultra-hot giant planet that orbits its host star at a distance only about twice the star's diameter, completing one orbit in approximately 30.5 hours. The planet exhibits two distinct hemispheres: one that always faces the host star, with temperatures locally exceeding 3000 degrees Celsius, and an eternal nightside where temperatures drop to 1500 degrees.

"Dayside temperatures are high enough for refractory materials -- typically solid compounds resistant to strong heat -- to exist as gaseous components of the planet's atmosphere," Thomas Evans-Soma explained. He is an astronomer affiliated with the Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany, and the University of Newcastle, Australia. He led the study published today in Nature Astronomy.

Unveiling the birthplace of WASP-121b

The team investigated the abundance of compounds that evaporate at very different temperatures, providing clues about the planet's formation and evolution. "Gaseous materials are easier to identify than liquids and solids," noted MPIA student Cyril Gapp, the lead author of a second study published today in The Astronomical Journal. "Since many chemical compounds are present in gaseous form, astronomers use WASP-121b as a natural laboratory to probe the properties of planetary atmospheres."

The team concluded that WASP-121b likely accumulated most of its gas in a region cold enough for water to remain frozen yet sufficiently warm for methane (CH4) to evaporate and exist in its gaseous form. Since planets form within a disc of gas and dust surrounding a young star, such conditions occur at distances where stellar radiation creates the appropriate temperatures.

In our own Solar System, this region lies somewhere between the orbits of Jupiter and Uranus. This is remarkable, given that WASP-121b now orbits perilously close to its host star's surface. It suggests that, after its formation, it undertook a long journey from the icy outer regions to the centre of the planetary system.




Reconstructing WASP-121b's eventful youth

Silicon was detected as silicon monoxide (SiO) gas, but originally entered the planet via rocky material such as quartz stored in planetesimals -- essentially asteroids -- after acquiring most of its gaseous envelope. The formation of planetesimals takes time, indicating that this process occurred during the later stages of planetary development.

"The relative abundances of carbon, oxygen, and silicon offer insights into how this planet formed and acquired its material." -- Thomas Evans-Soma

Planet formation begins with icy dust particles that stick together and gradually grow into centimetre- to metre-sized pebbles. They attract surrounding gas and small particles, accelerating their growth. These are the seeds of future planets like WASP-121b. Drag from the surrounding gas causes the moving pebbles to spiral inward towards the star. As they migrate, their embedded ices begin to evaporate in the disc's warmer inner regions.

While the infant planets orbit their host stars, they may grow large enough to open substantial gaps within the protoplanetary disc. This halts the inward drift of pebbles and the supply with embedded ices but leaves enough gas available to build an extended atmosphere.

In the case of WASP-121b, this appears to have occurred at a location where methane pebbles evaporated, enriching the gas that the planet supplied with carbon. In contrast, water pebbles remained frozen, locking away oxygen. This scenario best explains why Evans-Soma and Gapp observed a higher carbon-to-oxygen ratio in the planet's atmosphere than in its host star. WASP-121b continued attracting carbon-rich gas after the flow of oxygen-rich pebbles had stopped, setting the final composition of its atmospheric envelope.




The detection of methane requires strong vertical currents

As the temperature of an atmosphere changes, the quantities of different molecules, such as methane and carbon monoxide, are expected to vary. At the ultra-high temperatures of WASP-121b's dayside, methane is highly unstable and won't be present in detectable quantities. Astronomers have determined for planets like WASP-121b that gas from the dayside hemisphere should be mixed around to the relatively cool nightside hemisphere faster than the gas composition can adjust to the lower temperatures. Under this scenario, one would expect the abundance of methane to be negligible on the nightside, just as it is on the dayside. When instead the astronomers detected plentiful methane on the nightside of WASP-121b, it was a total surprise.

To explain this result, the team proposes that methane gas must be rapidly replenished on the nightside to maintain its high abundance. A plausible mechanism for doing this involves strong vertical currents lifting methane gas from lower atmospheric layers, which are rich in methane thanks to the relatively low nightside temperatures combined with the high carbon-to-oxygen ratio of the atmosphere. "This challenges exoplanet dynamical models, which will likely need to be adapted to reproduce the strong vertical mixing we've uncovered on the nightside of WASP-121b," said Evans-Soma.

JWST's role in the discovery

The team used JWST's Near-Infrared Spectrograph (NIRSpec) to observe WASP-121b throughout its complete orbit around its host star. As the planet rotates on its axis, the heat radiation received from its surface varies, exposing different portions of its irradiated atmosphere to the telescope. This allowed the team to characterize the conditions and chemical composition of the planet's dayside and nightside.

The astronomers also captured observations as the planet transited in front of its star. During this phase, some starlight filters through the planet's atmospheric limb, leaving spectral fingerprints that reveal its chemical makeup. This type of measurement is especially sensitive to the transition region where gases from the dayside and nightside mix. "The emerging transmission spectrum confirmed the detections of silicon monoxide, carbon monoxide, and water that were made with the emission data," Gapp noted. "However, we could not find methane in the transition zone between the day and night side."

Additional information

The MPIA scientists involved in this study included Thomas M. Evans-Soma (also at the University of Newcastle, Australia), Cyril Gapp (also at Heidelberg University), Eva-Maria Ahrer, Duncan A. Christie, Djemma Ruseva (also at the University of St Andrews, UK), and Laura Kreidberg.

Other researchers included David K. Sing (Johns Hopkins University, Baltimore, USA), Joanna K. Barstow (The Open University, Milton Keynes, UK), Anjali A. A. Piette (University of Birmingham, UK and Carnegie Institution for Science, Washington, USA), Jake Taylor (University of Oxford, UK), Joshua D. Lothringer (Space Telescope Science Institute, Baltimore, USA and Utah Valley University, Orem, USA), and Jayesh M. Goyal (National Institute of Science Education and Research (NISER), Odisha, India).

NIRSpec is part of the European Space Agency's (ESA) contribution to the Webb mission, built by a consortium of European companies led by Airbus Defence and Space (ADS). NASA's Goddard Space Flight Centre provided two sub-systems (detectors and micro-shutters). MPIA was responsible for procuring electrical components of the NIRSpec grating wheels.
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Brain training game offers new hope for drug-free pain management | ScienceDaily
A trial of an interactive game that trains people to alter their brain waves has shown promise as a treatment for nerve pain -- offering hope for a new generation of drug-free treatments.


						
The PainWaive technology, developed by UNSW Sydney researchers, teaches users how to regulate abnormal brain activity linked to chronic nerve pain, offering a potential in-home, non-invasive alternative to opioids.

A recent trial of the technology, led by Professor Sylvia Gustin and Dr Negin Hesam-Shariati from UNSW Sydney's NeuroRecovery Research Hub, has delivered promising results, published in the Journal of Pain.

The study compared hundreds of measures across participants' pain and related issues like pain interference before, during and after four weeks of interactive game play. Their brain activity was tracked via EEG (electroencephalogram) headsets, with the app responding in real time to shifts in brainwave patterns.

Three out of the four participants showed significant reductions in pain, particularly nearing the end of the treatment. Overall, the pain relief achieved by the three was comparable to or greater than that offered by opioids.

"Restrictions in the study's size, design and duration limit our ability to generalise the findings or rule out placebo effects," Dr Hesam-Shariati says.

"But the results we've seen are exciting and give us confidence to move to the next stage and our larger trial."

The PainWaive project builds on UNSW Professor Sylvia Gustin's seminal research into changes in the brain's thalamus -- a central relay hub in the brain -- associated with nerve (neuropathic) pain.




"The brainwaves of people with neuropathic pain show a distinct pattern: more slow theta waves, fewer alpha waves, and more fast, high beta waves," Prof. Gustin says.

"We believe these changes interfere with how the thalamus talks to other parts of the brain, especially the sensory motor cortex, which registers pain."

"I wondered, can we develop a treatment that directly targets and normalises these abnormal waves?"

The challenge was taken up by an interdisciplinary team at UNSW Science and Neuroscience Research Australia (NeuRA), led by Prof. Gustin and Dr Hesam-Shariati, and resulted in PainWaive.

The four participants in its first trial received a kit with a headset and a tablet preloaded with the game app, which includes directions for its use. They were also given tips for different mental strategies, like relaxing or focusing on happy memories, to help bring their brain activity into a more "normal" state.

The user data, meanwhile, was uploaded to the research team for remote monitoring.




"After just a couple of Zoom sessions, participants were able to run the treatment entirely on their own," says Dr Hesam-Shariati.

"Participants felt empowered to manage their pain in their own environment. That's a huge part of what makes this special."

Initially, Dr Hesam-Shariati says, the team planned to use existing commercial EEG systems, but they were either too expensive or didn't meet the quality needed to deliver the project. Instead, they developed their own.

"Everything except the open-source EEG board was built in-house," says Dr Hesam-Shariati. "And soon, even that will be replaced by a custom-designed board."

Thanks to 3D printing, Prof. Gustin says, the team has cut the cost of each headset to around $300 -- a fraction of the $1,000 to $20,000 price tags of existing systems.

The headset uses a saline-based wet electrode system to improve signal quality and targets the sensorimotor cortex.

"We've worked closely with patients to ensure the headset is lightweight, comfortable, and user-friendly," says Prof. Gustin.

"Owning the technology offers us the potential to one day offer PainWaive as a truly affordable, accessible solution for at-home pain management, especially for those with limited access to traditional treatments."

The researchers are now calling for participants to register their interest in two upcoming trials of the neuromodulation technology: the Spinal Pain Trial, investigating its potential to reduce chronic spinal pain, and the StoPain Trial, exploring its use in treating chronic neuropathic pain in people with a spinal cord injury.
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Attachment theory: A new lens for understanding human-AI relationships | ScienceDaily
Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.


						
Artificial intelligence (AI) is ubiquitous in this era. As a result, human-AI interactions are becoming more frequent and complex, and this trend is expected to accelerate soon. Therefore, scientists have made remarkable efforts to better understand human-AI relationships in terms of trust and companionship. However, these man-machine interactions can possibly also be understood in terms of attachment-related functions and experiences, which have traditionally been used to explain human interpersonal bonds.

In an innovative work, which incorporates two pilot studies and one formal study, a group of researchers from Waseda University, Japan, including Research Associate Fan Yang and Professor Atsushi Oshio from the Faculty of Letters, Arts and Sciences, has utilized attachment theory to examine human-AI relationships. Their findings were recently published online in the journal Current Psychology on May 9, 2025.

Mr. Yang explains the motivation behind their research. "As researchers in attachment and social psychology, we have long been interested in how people form emotional bonds. In recent years, generative AI such as ChatGPT has become increasingly stronger and wiser, offering not only informational support but also a sense of security. These characteristics resemble what attachment theory describes as the basis for forming secure relationships. As people begin to interact with AI not just for problem-solving or learning, but also for emotional support and companionship, their emotional connection or security experience with AI demands attention. This research is our attempt to explore that possibility."

Notably, the team developed a new self-report scale called the Experiences in Human-AI Relationships Scale, or EHARS, to measure attachment-related tendencies toward AI. They found that some individuals seek emotional support and guidance from AI, similar to how they interact with people. Nearly 75% of participants turned to AI for advice, while about 39% perceived AI as a constant, dependable presence.

This study differentiated two dimensions of human attachment to AI: anxiety and avoidance. An individual with high attachment anxiety toward AI needs emotional reassurance and harbors a fear of receiving inadequate responses from AI. In contrast, a high attachment avoidance toward AI is characterized by discomfort with closeness and a consequent preference for emotional distance from AI.

However, these findings do not mean that humans are currently forming genuine emotional attachments to AI. Rather, the study demonstrates that psychological frameworks used for human relationships may also apply to human-AI interactions. The present results can inform the ethical design of AI companions and mental health support tools. For instance, AI chatbots used in loneliness interventions or therapy apps could be tailored to different users' emotional needs, providing more empathetic responses for users with high attachment anxiety or maintaining respectful distance for users with avoidant tendencies. The results also suggest a need for transparency in AI systems that simulate emotional relationships, such as romantic AI apps or caregiver robots, to prevent emotional overdependence or manipulation.

Furthermore, the proposed EHARS could be used by developers or psychologists to assess how people relate to AI emotionally and adjust AI interaction strategies accordingly.

"As AI becomes increasingly integrated into everyday life, people may begin to seek not only information but also emotional support from AI systems. Our research highlights the psychological dynamics behind these interactions and offers tools to assess emotional tendencies toward AI. Lastly, it promotes a better understanding of how humans connect with technology on a societal level, helping to guide policy and design practices that prioritize psychological well-being," concludes Mr. Yang.
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Dancing brainwaves: How sound reshapes your brain networks in real time | ScienceDaily
What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study from Aarhus University and the University of Oxford, your brain doesn't just hear it -- it reorganizes itself in real time.


						
Every beep, tone and new sound you hear travels from the ear to registering in your brain. But what actually happens in your brain when you listen to a continuous stream of sounds? A new study from Aarhus University and University of Oxford published in Advanced Science reveals that the brain doesn't simply register sound: it dynamically reshapes its organization in real time, orchestrating a complex interplay of brainwaves in multiple networks.

The research, led by Dr. Mattia Rosso and Associate Professor Leonardo Bonetti at the Center for Music in the Brain, Aarhus University, in collaboration with the University of Oxford, introduces a novel neuroimaging method called FREQ-NESS -- Frequency-resolved Network Estimation via Source Separation. Using advanced algorithms, this method disentangles overlapping brain networks based on their dominant frequency. Once a network is identified by its unique frequency, the method can then trace how it propagates in space across the brain.

"We're used to thinking of brainwaves like fixed stations -- alpha, beta, gamma -- and of brain anatomy as a set of distinct regions," says Dr. Rosso. "But what we see with FREQ-NESS is much richer. It is long known that brain activity is organized through activity in different frequencies, tuned both internally and to the environment. Starting from this fundamental principle, we've designed a method that finds how each frequency is expressed across the brain."

Opens the door to precise brain mapping

The development of FREQ-NESS represents a major advance in how scientists can investigate the brain's large-scale dynamics. Unlike traditional methods that rely on predefined frequency bands or regions of interest, the data-driven approach maps the whole brain's internal organization with high spectral and spatial precision. And that opens new possibilities for basic neuroscience, brain-computer interfaces, and clinical diagnostics.

This study adds to a growing body of research exploring how the brain's rhythmic structure shapes everything from music cognition to general perception and attention, and altered states of consciousness.

"The brain doesn't just react: it reconfigures. And now we can see it," says Professor Leonardo Bonetti, co-author and neuroscientist at Center for Music in the Brain, Aarhus University, and at the Centre for Eudaimonia and Human Flourishing, University of Oxford. "This could change how we study brain responses to music and beyond, including consciousness, mind-wandering, and broader interactions with the external world."

A large-scale research program is now underway to build on this methodology, supported by an international network of neuroscientists. Due to the high reliability across experimental conditions and across datasets -- FREQ-NESS might also pave the way for individualized brain mapping, explains Professor Leonardo Bonetti.
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Research shows how solar arrays can aid grasslands during drought | ScienceDaily
New research from Colorado State University and Cornell University shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.


						
The findings were published in Environmental Research Letters this week. The paper outlines the potential benefits and challenges when photovoltaic (PV) arrays are located in grassland ecosystems. The findings are particularly relevant when considering drought in the arid west and the potential for future climate change.

While solar power systems are a key source of renewable energy, they reduce the amount of sunlight available for plant growth, which could impact these complex ecosystems in ways that reduce the wildlife they support, the carbon they store and the amount of forage they produce for livestock grazing. The work, based on four years of data from an agrivoltaics solar facility in Longmont, Colorado, represents the first effort to field test how co-locating solar and grasslands changes those dynamics.

Colorado's semi-arid grasslands often need more water than is available through precipitation in each season.

The team found that plants beneath and around the solar systems in that environment benefited from partial shading and additional water that collects on panels -- aiding in their fight to survive during the harsh summer months. They found that during a dry year, grass growth on the east side of panels was up to 90% more productive in some cases than the neighboring open site. During wet and normal years, this positive grass production response was reduced, but the east side of the panels still saw more grass production than the control site.

Cornell Postdoctoral Research Associate Matthew Sturchio is an author on the paper along with CSU University Distinguished Professor Alan Knapp. Sturchio was previously part of Knapp's team in the Department of Biology, and he is still an affiliated researcher at CSU.

Sturchio said the results demonstrate the potential of solar land use synergies in grasslands that support both needed renewable power generation and ecosystem stability.




"There have been several studies reporting improved plant and water relations from solar arrays," he said. "However, this is the first analysis that shows how that pattern becomes more pronounced with increasing aridity or dryness like we see in Colorado.

"The most important takeaway here is that even though this solar array was designed to maximize energy generation -- not to promote beneficial environmental conditions for the grasses grown beneath -- it still provided a more favorable environment during a dry year."

Sturchio said those gains could increase if panels were instead designed to maximize their benefits depending on conditions. That may include changing their position to provide shade when air temperatures rise or configuring them to let more light in during key parts of the growing season.

"With small changes in array design, configuration and management, we may even realize untapped benefits, particularly those related to water use," he said.

The paper is part of ongoing research by the pair into agrivoltaics: a dual use approach where solar power infrastructure is designed and placed to also support livestock grazing or pollinator habitats in parallel. Those agricultural options don't require irrigation or machinery. However, because of their heavy reliance on rain to support plant growth, research like this is needed to understand how the addition of panels changes the environment overall.

Knapp and his lab have been studying grasslands at CSU for decades, focusing primarily on how they cope with chronic water stress and drought. He said research in the paper focuses on perennial C3, "cool season" grasses that prefer wetter conditions. The next step will be to study the more common C4 grasses found in the plains of Colorado. Those plants flourish in warmer conditions with lots of sunlight.

"Those grasslands are even more water-limited than the ones we used in this study. Thus, we expect the capability of solar arrays to mitigate water stress may be even greater," Knapp said.

Sturchio added that solar panels may even provide an opportunity to restore grassland ecosystems by promoting diverse plant communities. He said building solar facilities in ecosystems that could benefit from their strategic placement is an obvious win-win.

"We hypothesize that grassland restoration in arid and semi-arid regions could benefit not only from the favorable conditions in solar arrays, but also from the environmental heterogeneity created by panels," he said. "We are excited to test the functional underpinnings of that idea at the newly constructed Shortgrass Ecovoltaic Research Facility in Nunn, Colorado, very soon."
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Singing to babies improves their mood | ScienceDaily
Singing to your infant can significantly boost the baby's mood, according to a recent Yale study published May 28 in Child Development.


						
Around the world and across cultures, singing to babies seems to come instinctively to caregivers. Now, new findings support that singing is an easy, safe, and free way to help improve the mental well-being of infants. Because improved mood in infancy is associated with a greater quality of life for both parents and babies, this in turn has benefits for the health of the entire family, the researchers say. The study also helps explain why musical behaviors may have evolved in parents.

"Singing is something that anyone can do, and most families are already doing," said Eun Cho, postdoctoral researcher at the Yale Child Study Center, and co-first author of the study. "We show that this simple practice can lead to real health benefits for babies."

"We don't always need to be focusing on expensive, complicated interventions when there are others that are just as effective and easy to adopt," added Lidya Yurdum, a PhD student in psychology at the University of Amsterdam, affiliated with the Child Study Center, and co-first author.

Increased singing improves infants' moods

The new study included 110 parents and their babies, most of whom were under the age of four months. The researchers randomly assigned the parents into two groups, encouraging one group to sing to their infants more frequently by teaching the parents new songs, providing karaoke-style instructional videos and infant-friendly songbooks, and sending weekly newsletters offering ideas for incorporating music into daily routines.

For four weeks, these parents received surveys on their smartphones at random times throughout the day. Parents answered questions related to infant mood, fussiness, time spent soothing, caregiver mood, and frequency of musical behavior. For instance, parents were asked to rate how positive or negative their baby's mood was within the last two to three hours before receiving the survey. The 56 parents in the control group also received an identical intervention in the four weeks following the initial experiment.




The researchers found that parents were successfully able to increase the amount of time they spent singing to their babies. "When you ask parents to sing more and provide them with very basic tools to help them in that journey, it's something that comes very naturally to them," said Yurdum.

Not only did the parents sing more frequently, but they also chose to use music especially in one context in particular: calming their infants when they were fussy. "We didn't say to parents, 'We think you should sing to your baby when she's fussy,' but that's what they did," said Samuel Mehr, an adjunct associate professor at the Child Study Center, and director of The Music Lab. Mehr is also the study's principal investigator. "Parents intuitively gravitate toward music as a tool for managing infants' emotions, because they quickly learn how effective singing is at calming a fussy baby."

Most surprisingly, the responses to the survey showed that increased singing led to a measurable improvement in infants' moods overall, compared to those in the control group -- in other words, parents who sang more rated their babies' moods as significantly higher. Importantly, improved mood was found in general, not just as an immediate response to music.

While singing did not significantly impact caregivers' moods in this study, Mehr believes that there could be follow-on effects on health in young families. "Every parent knows that the mood of an infant affects everyone around that infant," said Mehr. "If improvements to infant mood persist over time, they may well generalize to other health outcomes."

Follow-up study to further explore singing's benefits

The team believes that the benefits of singing may be even stronger than the current study shows. "Even before our intervention, these participating families were particularly musical," Yurdum explained. "Despite that, and despite only four weeks of the intervention, we saw benefits. That suggests that the strength of singing to your babies would likely be even stronger in a family that does not already rely on music as a way of soothing their infants."

The Child Study Center researchers are currently enrolling parents and babies under four months old in a follow-up study, "Together We Grow," which will investigate the impact of infant-directed singing over an eight-month period.




Although the researchers did not see an improvement in caregiver mood within four weeks, they are intrigued to see if singing can help alleviate stress or conditions such as postpartum depression in the long term. They are also interested in exploring whether singing might have benefits beyond mood in infants, such as improved sleep.

Previous work from The Music Lab has shown that infant-directed music is universal in humans, and that humans can even infer context of songs -- such as whether it is for dancing or a lullaby -- in foreign languages and from other cultures. For Mehr, the new findings make sense in light of these basic science results. "Our understanding of the evolutionary functions of music points to a role of music in communication," said Mehr. "Parents send babies a clear signal in their lullabies: I'm close by, I hear you, I'm looking out for you -- so things can't be all that bad."

The babies, apparently, are listening.
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Scientists discover new evidence of intermediate-mass black holes | ScienceDaily
In the world of black holes, there are generally three size categories: stellar-mass black holes (about five to 50 times the mass of the sun), supermassive black holes (millions to billions of times the mass of the sun), and intermediate-mass black holes with masses somewhere in between.


						
While we know that intermediate-mass black holes should exist, little is known about their origins or characteristics -- they are considered the rare "missing links" in black hole evolution.

However, four new studies have shed new light on the mystery. The research was led by a team in the lab of Assistant Professor of Physics and Astronomy Karan Jani, who also serves as the founding director of the Vanderbilt Lunar Labs Initiative. The work was funded by the National Science Foundation and the Vanderbilt Office of the Vice Provost for Research and Innovation.

The primary paper, "Properties of 'Lite' Intermediate-Mass Black Hole Candidates in LIGO-Virgo's Third Observing Run," was published in Astrophysical Journal Letters and led by Lunar Labs postdoctoral fellow Anjali Yelikar and astrophysics Ph.D. candidate Krystal Ruiz-Rocha. The team reanalyzed data from the Nobel-Prize winning Laser Interferometer Gravitational-Wave Observatory (LIGO) detectors in the U.S. and the Virgo detector in Italy.

The researchers found that these waves corresponded to mergers of black holes greater than 100 to 300 times the mass of the sun, making them the heaviest gravitational-wave events recorded in astronomy.

"Black holes are the ultimate cosmic fossils," Jani said. "The masses of black holes reported in this new analysis have remained highly speculative in astronomy. This new population of black holes opens an unprecedented window into the very first stars that lit up our universe."

Earth-based detectors like LIGO capture only a split second of the final collision of these "lightweight" intermediate-mass black holes, making it challenging to determine how the universe creates them. To tackle this, Jani's lab turned to the upcoming European Space Agency and NASA's Laser Interferometer Space Antenna (LISA) mission, launching in the late 2030s.




In two additional studies published in Astrophysical Journal, "A Sea of Black Holes: Characterizing the LISA Signature for Stellar-origin Black Hole Binaries," led by Ruiz-Rocha, and "A Tale of Two Black Holes: Multiband Gravitational-wave Measurement of Recoil Kicks," led by former summer research intern Shobhit Ranjan, the team showed LISA can track these black holes years before they merge, shedding light on their origin, evolution, and fate.

Detecting gravitational waves from black hole collisions requires extreme precision -- like trying to hear a pin drop during a hurricane. In a fourth study also published in Astrophysical Journal, "No Glitch in the Matrix: Robust Reconstruction of Gravitational Wave Signals under Noise Artifacts," the team showcased how artificial intelligence models guarantee that signals from these black holes remain uncorrupted from environmental and detector noise in the data. The paper was led by postdoctoral fellow Chayan Chatterjee and expands upon Jani's AI for New Messengers Program, a collaboration with the Data Science Institute.

"We hope this research strengthens the case for intermediate-mass black holes as the most exciting source across the network of gravitational-wave detectors from Earth to space," Ruiz-Rocha said. "Each new detection brings us closer to understanding the origin of these black holes and why they fall into this mysterious mass range."

Moving forward, Yelikar said the team will explore how intermediate-mass black holes could be observed using detectors on the moon.

"Access to lower gravitational-wave frequencies from the lunar surface could allow us to identify the environments these black holes live in -- something Earth-based detectors simply can't resolve," she said.

In addition to continuing this research, Jani will also be working with the National Academies of Sciences, Engineering, and Medicine on a NASA-sponsored study to identify high-value lunar destinations for human exploration to address decadal-level science objectives.

As part of his participation in this study, Jani will be contributing to the Panel on Heliophysics, Physics, and Physical Science, to identify and articulate the science objectives related to solar physics, space weather, astronomy, and fundamental physics that would be most enabled by human explorers on the moon.

"This is an exciting moment in history -- not just to study black holes, but to bring scientific frontiers together with the new era of space and lunar exploration," Jani said. "We have a rare opportunity to train the next generation of students whose discoveries will be shaped by, and made from, the moon."
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Long shot science leads to revised age for land-animal ancestor | ScienceDaily
In 1984, an amateur paleontologist in Scotland found a remarkable specimen: a nearly complete fossil of what looked to be a lizard or salamander. Rather small in size at 20 centimeters, it would turn out to be a crucial piece in the puzzle of animal evolution.


						
This creature, called Westlothiana lizziae, is one of the earliest examples of a four-legged animal that had evolved from living underwater to dwelling on earth. It, and other stem tetrapods like it, are common ancestors of the amphibians, birds, reptiles and mammals that exist today, including humans.

Despite its significance, researchers had never determined an accurate age of the fossil. But thanks to new research out of The University of Texas at Austin, scientists now know that the Westlothiana lizziae, along with similar salamander-like creatures from the same spot in Scotland, are potentially 14 million years older than previously thought.

The new age -- dating back to 346 million years ago -- adds to the significance of the find because it places the specimens in a mysterious hole in the fossil record called Romer's Gap.

The research, published recently in the journal PLOS One, was led by Hector Garza, who just graduated with his doctoral degree from the Department of Earth and Planetary Sciences at the UT Jackson School of Geosciences. Garza took a risk when he embarked on his mission to date the ancient fossils using a geochemical technique called radiometric dating.

That's because while geoscientists can use zircon crystals to determine how long ago a rock was formed, not all rock types are amenable to this type of analysis. And the site in Scotland where the fossils were discovered was near ancient volcanoes whose lava flows had long hardened into basalt rock, where zircons do not typically form. Fellow scientists warned Garza that chemically dating the rocks might be fruitless.

"I think that was one of the reasons why no one tried to go into them before," Garza said. "Because of all the time and effort that it takes to obtain the zircons and then taking the risk of not finding any."

But he got lucky. As mud cascaded down from the volcanoes, the flowing lava and debris eroded sediment that contained zircons, which got swept into a lake where limestone was forming, entombing these early tetrapod creatures.




Garza X-rayed 11 of the rock samples at the Jackson School and was able to extract zircons from the rock surrounding six of the fossils. He then conducted uranium-lead laser dating on the zircons at the University of Houston to determine their oldest possible age.

Before Garza's gamble, scientists had figured the fossils were as old as similar fossils from around the world -- about 331 million years old.

The more accurate, older maximum age of 346 million years is significant because it places the specimens in Romer's Gap. This is a time period from 360 to 345 million years ago where, for reasons scientists are not exactly sure of, very few fossils have been discovered. It is during this crucial point in history that water-dwelling fish took an evolutionary leap, growing lungs and four legs to become land animals. This is one of the most pivotal milestones in the history of animal evolution.

"I can't overstate the importance of the iconic East Kirkland tetrapods," said Julia Clarke, professor at the Jackson School and co-author of this paper. "Better constraining the age of these fossils is key to understanding the timing of the emergence of vertebrates on to land. Timing in turn is key to assessing why this transition occurs when it does and what factors in the environment may be linked to this event."

The site in Scotland where the fossils were found is the East Kirkton Quarry, a veritable treasure trove of early tetrapod records. Seven stem tetrapod fossils, including the Westlothiana lizziae, have been found there. Hundreds of millions of years ago when these early four-legged creatures roamed, this site was a tropical forest with nearby active volcanoes, a toxic lake, and a diverse plant and animal community.

The National Museum of Scotland provided Garza with bits of rock that surrounded the fossils to use for the sampling. Other study co-authors are Associate Professor Elizabeth Catlos and Michael Brookfield, both of the Department of Earth and Planetary Sciences at the Jackson School, and Thomas Lapen, professor and chair of the Department of Earth and Atmospheric Sciences at the University of Houston.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250529194648.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Listening to electrons talk | ScienceDaily
Researchers from the MPIK present new experimental and theoretical results for the bound electron g-factor in lithium-like tin which has a much higher nuclear charge than any previous measurement. The experimental accuracy reached a level of 0.5 parts per billion. Using an enhanced interelectronic QED method, the theoretical prediction for the g-factor reached a precision of 6 parts per billion.


						
Quantum electrodynamics - competition for precision

Quantum electrodynamics (QED) is the fundamental theory describing all electromagnetic phenomena including light (photons). At the same time, it is the most precisely tested theory in physics at all. It has been stringently tested in various ways up to 0.1 parts per billion. But it is just the very strength of this theory that drives physicists to test it even more rigorously and to explore its possible limits. Any significant deviation would be a hint for new physics.

QED understands the electromagnetic interaction among charged particles as the exchange of "virtual" photons - the way electrons in an atom "talk" to each other and to the nucleus - and with themselves via emission and reabsorption of a photon, a QED effect called "self energy." Furthermore, it turned out that the physical vacuum is not empty but filled with virtual particles such as electron-positron pairs which appear all the time "out of nothing" but have to disappear within the limits set by the uncertainty principle of quantum physics. Though this might sound spooky, it is just the way to explain the underlying physics of experiments performed in atomic physics already in the 1940s.

A state-of-the-art access to QED phenomena is the so-called g-factor of the electron which describes the relation of its mechanic (intrinsic angular momentum: spin) and magnetic properties. According to Dirac's theory (relativistic quantum mechanics), the g-factor of the free electron should be exactly 2. However, various QED interactions change the g-factor and lead to a small but precisely measurable deviation from the value 2. QED effects depend in a strong nonlinear way on external fields. Electrons experience the extremely high electric field due to the high nuclear charge in heavy elements. The simplest systems are hydrogen-like highly charged ions which have been investigated both theoretically and experimentally with great success [1].

In a joint collaborative experimental-theoretical work, researchers at the Max Planck Institute for Nuclear Physics in Heidelberg have now investigated the g-factor of the outermost bound electron in lithium-like tin. This system is similar to hydrogen but adds the interaction with the two tightly-bound electrons of the inner atomic shell.

Theory: ab initio QED calculations

An ab initio calculation takes into account all electromagnetic interactions among the constituents - here of a Lithium-like ion - on a fundamental level including QED effects up to a certain degree. Electron structure effects where the electrons exchange photons are incorporated into the calculations, as well as QED screening effects, where the electron interacts both with the other electrons and with itself or with the vacuum. The ab initio prediction has been further improved by using the two-loop QED contribution extracted from the recent measurement in hydrogen-like tin [33] scaled to the lithium-like electron case. This yields an "experimentally enhanced" theoretical prediction of




gth = 1.980 354 797(12)

with the uncertainty given in parentheses. Compared to the hydrogen-like case, this is overall a 25-fold improvement.

Experiment: counting spin flips

The measurement of the g factor of the bound electron was performed using the cryogenic Penning trap ALPHATRAP at MPIK. The strong magnetic field inside the trap leads to a characteristic motion of the ion confined by the field as well as to a precession of the spin of the outer electron like a tiny magnetic spinning top. The g factor can be extracted from the ratio of the ion's motional frequency and the precession frequency while the magnetic field is eliminated from this calculation. The ion motion can be detected directly from small induced electric signals in the trap electrodes of the "precision trap." To determine the precession frequency, microwave radiation is sent into the trap which can induce a spin flip, a change of the orientation of the spin (due to quantisation there are only two measurable spin states "up" and "down"). The rate of spin flips reaches a maximum when the microwave matches resonantly the precession frequency.

Results and outlook

The experimental value for the g factor of the lithium-like tin ion is

gexp = 1.980 354 799 750(84)stat(54)sys(944)ext

with the statistical, systematic and external uncertainties given in parentheses. The external uncertainties are dominated by the ion mass uncertainty, currently limiting the experimental accuracy. The overall accuracy is 0.5 parts per billion. The experimental result agrees well with the theoretical prediction given above within the uncertainty of the calculation. On the experimental side it is feasible to improve the precision of the mass value by more than an order of magnitude and consequently enhance the precision of the g factor if motivated by advancements in theory. In the future, measurements of heavier lithium-like systems such as 208Pb79+ and the expected progress in two-loop QED calculations will provide even better tests in the strong electric field regime using highly charged ions. The advanced theoretical methods developed here for interelectronic QED effects can be applied to g-factor calculations of more complex ions (boron- or carbon-like), parity non-conserving transitions in neutral atoms and other effects.
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Save twice the ice by limiting global warming | ScienceDaily

In the new study, an international team of 21 scientists from ten countries used eight glacier models to calculate the potential ice loss from more than 200,000 glaciers outside of Greenland and Antarctica. The team evaluated a wide range of global temperature scenarios, assuming that temperatures would remain constant for thousands of years in each scenario.

"The choices we make today will resonate for centuries, determining how much of our glaciers can be preserved," says Harry Zekollari, co-lead author from Vrije Universiteit Brussel, who began this research as a postdoctoral fellow at the Chair of Glaciology in the Department of Civil, Environmental and Geomatic Engineering (D-BAUG) at ETH Zurich.

Looking beyond 2100 reveals new insights

In all scenarios, the glaciers lose mass rapidly over decades and then continue to melt at a slower pace for centuries -- even without additional warming. This long-term response means glaciers will continue to feel the effects of today's heat far into the future, gradually retreating to higher altitudes before reaching a new equilibrium.

"One of the key strengths of our study is that we were able, for the first time, to project global glacier evolution over multi-centennial timescales, and did so using eight models instead of one or two," explains Harry Zekollari. "Most glacier studies stop at 2100, which is problematic when simulating the long-term impact of today's climate policies, given the long-term response of glaciers over time."

For example, while studies limited to the year 2100 estimate that around 20 per cent of today's glacier mass will be lost regardless of future warming, the new study reveals that nearly twice as much would vanish under present-day conditions when multi-centennial timescales are considered. "We find that around 40 per cent of glacier mass is effectively 'doomed' to disappear," says co-lead author Harry Zekollari.




Melting glaciers reveal the reality of global warming

"Glaciers are good indicators of climate change because their retreat allows us to see with our own eyes how climate is changing. However, since they adjust over longer timescales, their current size vastly understates the magnitude of climate change that has already happened. The situation for glaciers is actually far worse than visible in the mountains today," says co-lead author Lilian Schuster from the University of Innsbruck.

Beyond contributing to sea-level rise, glacier loss has far-reaching consequences. It threatens freshwater availability, increases the risk of glacier-related hazards such as floods and landslides, and jeopardizes glacier-fed tourism economies. These cascading impacts will be felt across regions and generations.

"These effects underscore the critical importance of present-day climate policies," says Harry Zekollari. "Our study makes it painfully clear that every fraction of a degree matters. If we manage to limit global warming to +1.5degC instead of +2.7degC, we could still save twice as much glacier ice."

Current policies are projected to lead to an average global warming of around +2.7degC. As Zekollari emphasizes, the degree of warming between +1.5degC and +3.0degC plays a decisive role in glacier loss. Put simply: for every additional 0.1degC of warming, the world risks losing approximately 2per cent more of its glacier ice.

Contributing to the UN-Year of Glaciers' Preservation

"This study is a major contribution to the United Nations International Year of Glaciers' Preservation, emphasizing the urgent need for global climate action to protect the world's glaciers," says Daniel Farinotti, Professor of Glaciology at ETH Zurich and the Swiss Federal Institute for Forest, Snow and Landscape Research WSL.




His research group at the Laboratory of Hydraulics, Hydrology and Glaciology (VAW) played a central role in producing the new findings. The entire study led by Zekollari and Schuster was conducted as part of the Glacier Model Intercomparison Project (GlacierMIP) and coordinated by the Climate and Cryosphere (CliC) Project of the World Climate Research Programme (WCRP).

Farinotti notes that the release of the Science study coincides with the opening of the High-Level International Conference on Glaciers' Preservation, initiated by the President of Tajikistan through the United Nations (UN) Resolution that established both the UN Year of Glaciers' Preservation and, later, the UN Decade of Action for the Cryospheric Sciences 2025-2034.

On the Swiss side, the Federal Department of Foreign Affairs (FDFA) was invited to support the organisation of the event, particularly in drafting what is intended to become the "Dushanbe Glacier Declaration." Daniel Farinotti, for his part, is acting as an advisor to the FDFA in the preparation of the declaration.
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Birds nested in Arctic alongside dinosaurs | ScienceDaily
Spring in the Arctic brings forth a plethora of peeps and downy hatchlings as millions of birds gather to raise their young.


						
The same was true 73 million years ago, according to a paper featured on the cover of this week's edition of the journal Science. The paper documents the earliest-known example of birds nesting in the polar regions.

"Birds have existed for 150 million years," said lead author Lauren Wilson, a doctoral student at Princeton University who earned her master's degree at the University of Alaska Fairbanks. "For half of the time they have existed, they have been nesting in the Arctic."

The paper is the result of Wilson's master's thesis research at UAF. Using dozens of tiny fossilized bones and teeth from an Alaska excavation site, she and her colleagues identified multiple types of birds -- diving birds that resembled loons, gull-like birds, and several kinds of birds similar to modern ducks and geese -- that were breeding in the Arctic while dinosaurs roamed the same lands.

Prior to this study, the earliest known evidence of birds reproducing in either the Arctic or Antarctic was about 47 million years ago, well after an asteroid killed 75% of the animals on Earth.

"This pushes back the record of birds breeding in the polar regions by 25 to 30 million years," said Pat Druckenmiller, the paper's senior author, director of the University of Alaska Museum of the North and Wilson's advisor for her master's degree work. The bird fossils are part of the museum's collections.

"The Arctic is considered the nursery for modern birds," he said. "It's kind of cool when you go to Creamer's Field [a Fairbanks-area stopover for migrating geese, ducks and cranes], to know that they have been doing this for 73 million years."

The mere existence of the large collection of ancient bird fossils is remarkable, Wilson said, given how delicate bird bones are. That is doubly true for baby bird bones, which are porous and easily destroyed.




"Finding bird bones from the Cretaceous is already a very rare thing," she said. "To find baby bird bones is almost unheard of. That is why these fossils are significant."

The fossils were collected from the Prince Creek Formation, an area along the Colville River on Alaska's North Slope known for its dinosaur fossils. Scientists identified more than 50 bird bones and bone fragments.

"We put Alaska on the map for fossil birds," Druckenmiller said. "It wasn't on anyone's radar."

The collection is a testament to the value of an uncommon excavation and research approach at the Prince Creek Formation. Much of vertebrate paleontology focuses on recovering large bones.

The scientists who work in the Prince Creek Formation make sure to get every bone and tooth they can, from the visible to the microscopic, Druckenmiller said. The technique, which involves hauling tubs of screened sediment back to the lab for examination under a microscope, has yielded numerous new species and unprecedented insights into the behavior and physiology of the dinosaurs, birds and mammals that lived in the Arctic during the Cretaceous Period.

"We are now one of the best places in the nation for bird fossils from the age of the dinosaurs," Druckenmiller said. "In terms of information content, these little bones and teeth are fascinating and provide an incredible depth of understanding of the animals of this time."

It remains to be seen whether the bones found on the Colville River are the earliest-known members of Neornithes, the group that includes all modern birds. Some of the new bones have skeletal features only found in this group. And, like modern birds, some of these birds had no true teeth.




"If they are part of the modern bird group, they would be the oldest such fossils ever found," Druckenmiller said. Currently, the oldest such fossils are from about 69 million years ago. "But it would take us finding a partial or full skeleton to say for sure."

Other collaborators on the paper include Daniel Ksepka from the Bruce Museum, John Wilson from Princeton University, Jacob Gardner from the University of Reading, Gregory Erickson from Florida State University, Donald Brinkman and Caleb Brown from the Royal Tyrrell Museum of Palaeontology and the University of Alberta (Brown is also affiliated with the University of Manitoba), Jaelyn Eberle from the University of Colorado Boulder and Chris Organ from Montana State University.
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Leprosy existed in America long before arrival of Europeans | ScienceDaily
Long considered a disease brought to the Americas by European colonizers, leprosy may actually have a much older history on the American continent. Scientists from the Institut Pasteur, the CNRS, and the University of Colorado (USA), in collaboration with various institutions in America and Europe, reveal that a recently identified second species of bacteria responsible for leprosy, Mycobacterium lepromatosis, has been infecting humans in the Americas for at least 1,000 years, several centuries before the Europeans arrived. These findings will be published in the journal Science on May 29, 2025.


						
Leprosy is a neglected disease, mainly caused by the bacterium Mycobacterium leprae, affecting thousands of people worldwide: approximately 200,000 new cases of leprosy are reported each year. Although M. leprae remains the primary cause, this study focused on another species, Mycobacterium lepromatosis, discovered in the United States in 2008 in a Mexican patient, and later in 2016 in red squirrels in the British Isles. Led by scientists from the Laboratory of Microbial Paleogenomics at the Institut Pasteur, also associated with the CNRS, and the University of Colorado, in collaboration with Indigenous communities and over 40 scientists from international institutions including archaeologists, this study analyzed DNA from nearly 800 samples, including ancient human remains (from archaeological excavations) and recent clinical cases presenting symptoms of leprosy. The results confirm that M. lepromatosis was already widespread in North and South America long before European colonization and provide insights into the current genetic diversity of pathogenic Mycobacteria.

"This discovery transforms our understanding of the history of leprosy in America," said Dr. Maria Lopopolo, the first author of the study and researcher at the Laboratory of Microbial Paleogenomics at the Institut Pasteur. "It shows that a form of the disease was already endemic among Indigenous populations well before the Europeans arrived."

The team used advanced genetic techniques to reconstruct the genomes of M. lepromatosis from ancient individuals found in Canada and Argentina. Despite the geographic distance of several thousand kilometers, these ancient strains dating from similar periods (approximately 1,000 years ago) were found to be surprisingly genetically close. Although they belong to two distinct branches in the evolutionary tree of the genus Mycobacterium, these branches are genetically closer to each other than to any other known branch. This genetic proximity, combined with their geographical distance, necessarily implies a rapid spread of the pathogen across the continent, likely within just a few centuries.

The scientists also identified several new lineages, including an ancestral branch that despite having diverged from the rest of the known species' diversity over 9,000 years ago, it continues to infect humans today in North America -- a discovery suggesting an ancient and long-lasting diversification on the continent, as well as a largely unexplored diversity that likely remains to be found.

Notably, the analyses also suggest that the strains found in red squirrels in the UK in 2016 are part of an American lineage that was introduced to the British Isles in the 19th century, where it subsequently spread. This discovery highlights the recent ability of the pathogen to cross continents, likely through human or commercial exchanges.

"We are just beginning to uncover the diversity and global movements of this recently identified pathogen. The study allows us to hypothesize that there might be unknown animal reservoirs," said Nicolas Rascovan, the lead author of the study and head of the Laboratory of Microbial Paleogenomics at the Institut Pasteur. "This study clearly illustrates how ancient and modern DNA can rewrite the history of a human pathogen and help us better understand the epidemiology of contemporary infectious diseases."

The project was conducted in close collaboration with Indigenous communities, which were involved in decisions regarding the use of ancestral remains and the interpretation of results. Ancient DNA and remaining materials were returned when requested, and the generated data was shared via ethical and adaptable platforms designed to allow data sharing that meets the specific expectations of Indigenous communities.
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Anthropologists spotlight human toll of glacier loss | ScienceDaily
In an important contribution from the social sciences, Rice University anthropologists Cymene Howe and Dominic Boyer examine the societal consequences of global glacier loss in a commentary published today in Science.


						
Their article appears alongside new research that estimates that more than three-quarters of the world's glacier mass could disappear by the end of the century under current climate policies. While the study projects the physical outcomes of glacial melt, Howe and Boyer highlight the social impacts and human stories behind the statistics -- from disrupted ecosystems and endangered cultural heritage to funeral rites held for vanished ice.

"Often statistics about glacier loss can feel abstract and distant. But glaciers have literally shaped the ground we walk on, and they provide crucial water resources to about 2 billion people. For people who have lived near glaciers, their cultural meanings are often profound, representing the fundamental relationship between social and natural worlds " said Howe, professor of anthropology and co-director of Rice's Program in Science and Technology Studies.

The commentary draws from the authors' ongoing work on the Global Glacier Casualty List, a Rice-based digital platform that documents glaciers that have melted or are critically endangered. The project blends climate science, social science and community narratives to memorialize a rapidly disappearing part of Earth's cryosphere.

"The past five years have been the worst five years for glaciers since ice loss has been tracked scientifically. We're now losing 273 billion tons of ice globally each year, but there's a feeling that even these staggering losses aren't enough to motivate needed climate action," said Boyer, professor of anthropology and co-director of the Center for Coastal Futures and Adaptive Resilience. "This is where we think the social sciences can work together with glaciologists and climate scientists to explain why these losses matter and how many lives and communities are impacted when these amazing landscapes disappear."

Their publication marks an uncommon appearance by social scientists in Science, which primarily features research in the natural and physical sciences. The authors argue that addressing the impacts of climate change requires not only scientific measurement but also cultural understanding, public memory and collective action.

"As glacial loss accelerates, so do the social and emotional responses to environmental change," they write.

The United Nations has designated 2025 as the International Year of Glaciers' Preservation. Howe and Boyer emphasize that global climate goals, such as limiting warming to 1.5 degrees Celsius above preindustrial levels, could still preserve a significant portion of the world's glaciers and prevent the erosion of ecosystems, economies and cultural lifeways connected to them.

"Most people on Earth will never have a chance to be in the presence of a glacier, but their loss affects us all. We still have a chance to preserve half the world's remaining glaciers if we act together -- and immediately -- to reduce global warming," Howe said. "We have lost a lot, but there is still so much that can be saved for us and the generations that will come after us: They deserve to know the magnificence and meaning of these great bodies of ice."

The commentary was supported by the National Science Foundation's Office of Polar Programs.
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New quantum visualization technique to identify materials for next generation quantum computing | ScienceDaily
Scientists at University College Cork (UCC) in Ireland have developed a powerful new tool for finding the next generation of materials needed for large-scale, fault-tolerant quantum computing.


						
The significant breakthrough means that, for the first time, researchers have found a way to determine once and for all whether a material can effectively be used in certain quantum computing microchips.

The major findings have been published today in the academic journal Science and are the result of a large international collaboration which includes leading theoretical work from Prof. Dung-Hai Lee in University of California, Berkeley, and material synthesis from professors Sheng Ran and Johnpierre Paglione in Washington University in St. Louis and the University of Maryland respectively.

Using equipment found in only three labs around the world, researchers at the Davis Group based in UCC were able to definitively determine whether Uranium ditelluride (UTe 2), which is a known superconductor, had the characteristics required to be an intrinsic topological superconductor.

A topological superconductor is a unique material that, at its surface, hosts new quantum particles named Majorana fermions. In theory they can be used to stably store quantum information without being disturbed by the noise and disorder which plague present quantum computers. Physicists have been on the hunt for an intrinsic topological superconductor for decades, but no material ever discovered has ticked all the boxes.

UTe 2 had been considered a strong candidate material for intrinsic topological superconductivity since its discovery in 2019 however no research had definitively evaluated its suitability -- until now.

Using a scanning tunneling microscope (STM) operating in a new mode invented by Seamus Davis, Professor of Quantum Physics at UCC, a team led by Joe Carroll, a PhD researcher at the Davis Group and Kuanysh Zhussupbekov, a Marie Curie postdoctoral fellow, were able to conclude once and for all whether UTe 2 is the right sort of topological superconductor.




The experiments carried out using the "Andreev" STM -- found only in Prof. Davis' labs in Cork, Oxford University in the UK, and Cornell University in New York -- discovered that UTe 2 is indeed an intrinsic topological superconductor, but not exactly the kind for which physicists have been searching.

However, the first-of-its-kind experiment is a breakthrough in itself.

When asked about the experiment Mr. Carroll described it as follows "Traditionally researchers have searched for topological superconductors by taking measurements using metallic probes. They do this because metals are simple materials, so they play essentially no role in the experiment. What's new about our technique is that we use another superconductor to probe the surface of UTe2. By doing so we exclude the normal surface electrons from our measurement leaving behind only the Majorana fermions."

Carroll further highlighted that this technique would allow scientists to determine directly whether other materials are suitable for topological quantum computing.

Quantum computers have the capacity to answer in seconds the kind of complex mathematical problems that would take current generation computers years to solve. Right now, governments and companies around the world are racing to develop quantum processors with more and more quantum bits but the fickle nature of these quantum calculations is holding back significant progress.

Earlier this year Microsoft announced the Majorana 1, which the company has said is "the world's first Quantum Processing Unit (QPU) powered by a Topological Core ."

Microsoft explained that to achieve this advance, synthetic topological superconductors based on elaborately engineered stacks of conventional materials were required.

However the Davis Group's new work means that scientists can now find single materials to replace these complicated circuits, potentially leading to greater efficiencies in quantum processors and allowing many more qubits on a single chip thus moving us closer to the next generation of quantum computing.
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Sustained in the brain: How lasting emotions arise from brief stimuli, in humans and mice | ScienceDaily
We don't always understand our emotions, but we couldn't lead normal lives without them. They steer us through life, guiding the decisions we make and the actions we take. But if they're inappropriate or stick around for too long, they can cause trouble.


						
Neuroscientists and psychiatrists, despite their best efforts, don't understand nearly enough about the brain activity underlying our emotions, how they make us tick and how they can make us sick.

Now, in a study scheduled to publish May 29 in Science, Stanford Medicine investigators have mapped the brainwide neuronal processing that underlies the emotional response triggered by a mildly unpleasant sensory experience. Features of this brain activity turn out to be shared by humans and mice -- and, by extension, every mammal in between. (Perhaps your pet has already explained this to you.)

The findings could help unveil some of the driving forces behind numerous neuropsychiatric disorders, which are characterized in large part by troublesome emotional manifestations.

"Emotional states are fundamental to psychiatry," said Karl Deisseroth, MD, PhD, professor of bioengineering and of psychiatry and behavioral sciences, who led a collaborative team effort spanning Stanford Medicine's hospital and laboratory facilities. Sharing senior co-authorship of the study with Deisseroth are Carolyn Rodriguez, MD, PhD, professor of psychiatry and behavioral sciences; Vivek Buch, MD, assistant professor of neurosurgery; and Paul Nuyujukian, MD, PhD, assistant professor of bioengineering and of neurosurgery. The lead co-authors of the study are postdoctoral scholars Isaac Kauvar, PhD, and Ethan Richman, PhD, and MD/PhD student Tony Liu.

The study was a project of Stanford Medicine's Human Neural Circuitry research program, a multidisciplinary collaboration founded and led by Deisseroth, designed to understand the principles underlying the inner workings of the human brain in health and disease. The HNC program develops and brings together, in an inpatient medical setting, state-of-the-art methods for synchronous and ultraprecise measurement and perturbation of both human behavior and brain activity.

In this study, Deisseroth and his colleagues focused primarily on responses to negative sensory experiences. But he suspects that the brainwide activity pattern his team observed also generalizes to positive experiences. (His group is exploring those, too.)

Pulling it all together




"The mammalian lineage has made a huge evolutionary commitment to large brain size, with all its attendant costs and benefits," said Deisseroth, who is the D. H. Chen Professor and a Howard Hughes Medical Institute investigator. Even a mouse's brain (which is large compared with same-sized non-mammals) contains nearly 100 million neurons; a human brain, almost 90 billion -- about 1,000 times as many.

"A bigger brain means a richer, more complex mental life," Deisseroth said. "But there are real constraints once you scale up. The human brain is so big, it takes some time for those rich and complex signals to fully propagate throughout the brain, converge and be properly integrated. Yet, to make accurate decisions, your brain has to pull together your multiple streams of sensory data, your goals, your position in space, your physiological needs and more -- all at the same time. If that doesn't happen, wrong decisions will be made and wrong actions taken."

Emotions may represent states that integrate a great deal of information to guide lasting patterns of behavior, but may need a window of time with persistent communication among widely separated brain structures to accomplish that integration, Deisseroth said.

"Tuning the time scale of this communication could be an important aspect of typical brain function," Richman added. "This would be akin to the action of a piano's sustain pedal, which extends the duration of briefly played notes." Either overly shortened or overly prolonged stability of such brainwide communication patterns could contribute to neuropsychiatric disorders characterized by emotional dysfunction.

What might those emotion-enabling patterns of activity be? Because human brain activity is so complex, figuring out which observed signals are the important ones is a challenge.

Deisseroth is renowned for developing optogenetics, a sophisticated and now widespread method using a targeted light-activated protein together with pulses of light to induce select nerve cells, or groups of them, to fire or go silent at the flip of a switch. But the new study (relying on briefly hospitalized human patients) did not use optogenetics at all.




Instead, the Stanford team used a clever evolutionary trick. To determine how emotion emerges in response to experience, the researchers carried out brainwide screens of neural activity in both mice and humans -- two species that emerged from the same ancestor some 70 million years ago -- to search for activity patterns present in both species that could be induced by the same emotion-generating stimulus, measurable in the same way, synchronized with the same high-speed behaviors and blocked by the same interventions.

"This approach allowed us to focus our study on the key principles that were shared between mice and humans," Kauvar said.

If, over that vast amount of evolutionary time, a particular brain-activity pattern (ultimately determined by genes governing brain structure and function) doesn't help survival and reproduction, it will be lost, Deisseroth said, while "if a brain dynamical principle is conserved over that time, you'd better believe it could be important."

Puff, blink, squint

First the reflex, then the emotional response: You burn your hand on a stove, reflexively pull it away, then feel the pain spreading and curse. The sound of a gunshot -- or a similar noise -- on a dark street in a strange neighborhood late at night elicits a reflexive ducking response, then a sense of fear and caution.

Examples of emotion emerging from an unpleasant sensory input are too numerous to list. But those instances are typically tough to measure and often both difficult and dangerous to stage. For experiments, the triggering stimulus needs to be safe, reproducible and easy to deliver -- and, in this case, applicable to mice and people.

For this study, the method of choice was a tool employed in every eye doctor's office. Deisseroth's team took advantage of the device an ophthalmologist uses to deliver little puffs of air to check the pressure in their patients' eyes. While not a painful experience, it certainly can be a touch unpleasant. Here, employing this aversive but medically safe stimulus permitted precision in timing, duration and intensity of the stimulus. The researchers knew exactly when each puff started and when it stopped -- critical for tracking each subject's brainwide response to it.

The scientists administered multiple series of precisely timed "eye puffs" to participants, who, asked how they felt about the puffs, described them as "annoying," "unpleasant" and "uncomfortable," though certainly not painful. Repeated rapid-fire eye puffs produced an increasing feeling of annoyance that outlasted the eye puff series.

That bummed-out state of mind can be adaptive, Deisseroth noted. "Any repeated series of negative events is important to the brain, to be considered in guiding future behavior."

To record brainwide activity at high resolution, Deisseroth and his associates recruited a cohort of patients at Stanford Hospital who, because they were experiencing frequent seizures that were inadequately responsive to medications, had had electrodes surgically inserted deep into their brains so that teams of neurologists and neurosurgeons, to achieve more targeted treatment, could locate each patient's unique focus -- the hyperexcitable point of origin from which seizures would spread across otherwise healthy brain tissue.

While all those electrodes had been implanted in patients' brains for purely clinical reasons, it provided a serendipitous avenue for experiments that would otherwise be difficult or impossible to perform.

"These patients typically spend about a week in a hospital bed with limited mobility, during recording from these implanted intracranial electrodes, while the treatment team waits for spontaneous seizures to occur," Liu said. During this long stretch of time, these patients were more than willing to volunteer for and participate in the investigators' innovative study.

Subjects' visible responses to randomly timed eye puffs were found to be quite consistent. Immediately in response to each puff, the subjects briefly blinked reflexively. In the seconds following each puff, subjects also exhibited additional eye squinting or rapid additional blinks. This additional post-puff eye closure was a natural response to an unpleasant stimulus (since they could not predict the timing of the next puff). It was also precisely quantifiable, offering insight into emotion-triggered behaviors immediately following a sensory stimulus.

All the while, the experimenters tracked subjects' brainwide activity. They picked up a distinctive two-phase pattern: In the first roughly 200 milliseconds after the eye puff they observed a strong but short-lived spike of activity broadcasting "news" of the eye puff throughout the brain. This was followed over the next 700 milliseconds or so by a separate, longer-lasting phase of puff-triggered brain activity more specifically localized to a subset of specific circuits across the brain associated with emotion. This pattern -- which, Deisseroth noted, was discoverable thanks to the simultaneous electrical recording and behavioral technology of the team -- displayed the interesting property of yielding an extended window of time for brainwide communication, which could be related to emotion.

Since the core idea of the study was to search for shared principles among humans and mice, the scientists carried out the same experiment in parallel in mice. Remarkably, the team observed a very similar two-phase pattern of brain activity in mice. Moreover, delivering a series of eight eye puffs in rapid succession to mice induced accumulating second-phase brain activity and put the mice into a generalized negative emotional state, as further evidenced by their persistently reduced willingness to engage in reward-seeking behavior. (Such persistence and generalizability are classic hallmarks of emotion.)

Gone with the squint

The researchers then used a medication, chosen to be suitable for use in both humans and mice, to further test for the importance of this persistent activity pattern. Ketamine, widely used at high doses in anesthesia, is FDA-approved at lower doses as an antidepressant. Even at these lower doses, ketamine is known to cause a phenomenon called dissociation, in which typical emotional responses to stimuli are reduced or absent.

"Ketamine recipients are fully aware of sensory experience, but they often don't have typical emotions about that experience, even if the sensation would normally be unpleasant," Deisseroth said. "It's as if it's happening to someone or something else." This dissociative effect of ketamine wears off within an hour or so, he said.

After carefully setting up their research protocol so they could safely administer a single dose of ketamine to electrode-implanted human subjects in the hospital, and with fully informed consent, the scientists found that indeed the negative emotion caused by the repeated puffs of air (as described by the patients) was greatly inhibited.

An important part of the clinical study was the ability to directly ask participants about their experiences, Liu said.

"The air puff . . . felt entertaining," one participant said. "It felt like little whispers on my eyeballs," said another.

Consistent with this loss of their subjective sense of annoyance, the human subjects also did not show self-protective behavior -- they kept their eyes open between puffs even though they were fully aware of the puffs and continued to have robust reflexive blinks. Remarkably, the same selective effect on behavior (preserving the reflexive blink while blocking self-protection with prolonged eye closure) was observed in the mice.

The team carried out a final set of definitive measurements to test their core hypothesis. If the persistent second phase of brain activity were important in the emotional response, this slower phase would be predicted to be selectively reduced by ketamine in both species, thereby effectively speeding up the brain's response. In humans and mice alike, the team found that the initial fast burst of brainwide activity was completely unaffected by ketamine. But when the scientists measured the speed at which the slower, second phase of post-eye-puff brain activity subsided, they found that ketamine sped up this decay, effectively sharpening the brain's response and restricting the puff-induced activity to a brief window of time (analogous to releasing a piano's sustain pedal to terminate the note).

"This all points to that persistent second phase of brain activity as being strongly linked to emotional state," Kauvar said.

If speeding-up of brain activity prevents formation of emotional states, this acceleration due to ketamine should also be detectable even in the eye puff's absence. As predicted, the team found that the "intrinsic time scale" -- a measure of the time over which brain-activity patterns were correlated -- was accelerated by ketamine even without the eye puff. In both species, intrinsic time scale rapidly recovered to its normal duration after the ketamine wore off.

Finally, the team found that ketamine also reversibly reduced synchrony across the brain in both species. "Dissociative medication may render the stabilizing phase of brain activity so ephemeral that information can't be properly integrated across the brain, including to build an emotional state," Deisseroth said.

A science of emotion based on timing?

These tunable, measurable timing properties, when pushed beyond a typical range -- either in the slowed or sped-up direction -- could offer clues about categorizing, quantifying and perhaps even treating neuropsychiatric disorders.

"Far too-brisk decay of that integrative brain activity (as ketamine causes) could generally prevent coordination of information flowing in from diverse regions of the brain," Deisseroth said. This could give rise to a situation in which the right hand quite literally doesn't know what the left hand is doing. "People with schizophrenia report perceptions of alien, as opposed to self-generated, control over their actions," Deisseroth said.

On the other hand, if a brain disorder causes the second wave of brain activity to decay too slowly or to accumulate excessive strength (perhaps due to differences in brain wiring or gene expression, or even related to personal experiences), this could result in hyperstabilized brain states and, consequently, persistent or untimely emotions or intrusive thoughts like those experienced by people with post-traumatic stress disorder, obsessive-compulsive disorder, depression or eating disorders. Different symptoms (and different disorders) would be expected to arise depending on the specific circuits representing this altered persistence.

Distinct from emotion in health and disease, this same quality of signal persistence could powerfully influence the fundamental speed of information processing, another property that varies substantially in the human population. "People with autism spectrum disorder are often known to have trouble keeping up with high-speed bursts of information, an ability required for language and social-information processing," Deisseroth said. Could a hyperstabilized brain state be responsible for difficulty in following rapidly changing input?

"These are fascinating possibilities, which we are now exploring," Deisseroth said. "It's amazing what an unbiased brainwide screen can reveal, especially with the right technology and across millions of years of evolution."

Stanford University's Office of Technology Licensing has filed a patent for intellectual property associated with the study.

Researchers from the Veterans Affairs Palo Alto Health Care System and Weill Cornell Medicine contributed to the work.

The study was funded by National Institutes of Health (grants P50DA042012, R01MH105461, R01MH133553 and R01NS095985), the AE Foundation and anonymous donors.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250529140137.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Evolution of a single gene allowed the plague to adapt, survive and kill much of humanity over many centuries | ScienceDaily
Scientists have documented the way a single gene in the bacterium that causes bubonic plague, Yersinia pestis, allowed it to survive hundreds of years by adjusting its virulence and the length of time it took to kill its victims, but these forms of plague ultimately died out.


						
A study by researchers at McMaster University and France's Institut Pasteur, published today in the journal Science, addresses some fundamental questions related to pandemics: how do they enter human populations, cause immense sickness, and evolve different levels of virulence to persist in populations?

The Black Death remains the single deadliest pandemic in recorded human history, killing an estimated 30 to 50 per cent of the populations of Europe, Western Asia and Africa as it moved through those regions. Appearing in the 14th century, it re-emerged in waves over more than 500 years, persisting until 1840.

The Black Death was caused by the same bacteria which caused Plague of Justinian, the first plague pandemic which had broken out in the mid-500s. The third plague pandemic began in China in 1855 and continues today. Its deadly effects are now more controlled by antibiotics but are still felt in regions like Madagascar and the Democratic Republic of Congo, where cases are regularly reported.

"This is one of the first research studies to directly examine changes in an ancient pathogen, one we still see today, in an attempt to understand what drives the virulence, persistence and/or eventual extinction of pandemics," says Hendrik Poinar, co-senior author of the study, director of the McMaster Ancient DNA Centre and holder of the Michael G. DeGroote Chair in Genetic Anthropology.

Strains of the Justinian plague became extinct after 300 years of ravaging European and Middle Eastern populations. Strains of the second pandemic emerged from infected rodent populations, causing the Black Death, before breaking into two major lineages. One of these two lineages is the ancestor of all present-day strains. The other re-emerged over centuries in Europe and ultimately went extinct by the early 19th century.

Using hundreds of samples from ancient and modern plague victims, the team screened for a gene known as pla, a high copy component of Y. pestis which helps it move through the immune system undetected to the lymph nodes before spreading to the rest of the body.




An extensive genetic analysis revealed that its copy number, or total number of pla genes found in the bacterium, had decreased in later outbreaks of the disease, which in turn decreased its mortality by 20 per cent and increased the length of its infection, meaning the hosts lived longer before they died. These studies were performed in mice models of bubonic plague.

Conversely, when the pla gene was in its original, high copy number, the disease was much more virulent and killed each of its hosts and did so much quicker.

The scientists also identified a striking similarity between the trajectories of modern and ancient strains, which independently evolved similar reductions in pla in the later stages of the first and second pandemic, and so far, in three samples from the third pandemic, found in Vietnam today.

In both the Justinian and Black Death plagues, the evolutionary change occurred approximately 100 years after the first outbreaks. Scientists propose that when the gene copy number dropped and the infected rats lived longer, they could spread infection farther, ensuring the reproductive success of the pathogen.

"The reduction of pla may reflect the changing size and density of rodent and human populations," explains Poinar. "It's important to remember that plague was an epidemic of rats, which were the drivers of epidemics and pandemics. Humans were accidental victims."

Black rats in cities likely acted as "amplification hosts" due to their high numbers and proximity to humans. Because black rats are highly susceptible to Y. pestis, the pathogen needed rat populations to stay high enough to supply new hosts for Y. pestis to persist and allow the pandemic cycle to continue.




However, the pla-reduced strains eventually went extinct, likely reflecting another shift in the host-pathogen relationship within their environment.

When the researchers searched for signs of depletion in a large set of samples of the third pandemic preserved in a collection at the Institut Pasteur, they found three contemporary strains with pla depletion.

"Thanks to our international collaborators who monitor local epidemics of plague worldwide, we were able to find the unique bacterial samples used for this project, akin to finding of three rare needles in a haystack," says Javier Pizarro-Cerda, co-senior author of the work, director of the Yersinia Research Unit and of the WHO Collaborating Centre for Plague at the Institut Pasteur.

The institute houses one of the world's richest collections of modern Y. pestis isolates, adds Guillem Mas Fiol, co-lead author of the study and Postdoctoral researcher supervised by Pizarro-Cerda.

"One of the most interesting aspects of our research was the possibility to explore a feature first observed in extinct plague strains, that could, for the first time, be experimentally tested in living contemporary bacterial strains," he says.

"Although our research sheds light on an interesting pattern in the evolutionary history of plague, the majority of strains which continue to circulate today in Africa, South America and India are the more virulent ones, the ones that were previously responsible for massive mortality," says Ravneet Sidhu, co-lead author of the study, and PhD candidate at the McMaster Ancient DNA Centre.
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Rock record illuminates oxygen history | ScienceDaily

If you traveled back in time to before the GOE (more than ~2.4 billion years ago), you would encounter a largely anoxic (oxygen-free) environment. The organisms that thrived then were anaerobic, meaning they didn't require oxygen and relied on processes like fermentation to generate energy. Some of these organisms still exist today in extreme environments such as acidic hot springs and hydrothermal vents.

The GOE triggered one of the most profound chemical transformations in Earth's surface history. It marked the transition from a planet effectively devoid of atmospheric oxygen -- and inhospitable to complex life -- to one with an oxygenated atmosphere that supports the biosphere we know today.

Scientists have long been interested in pinpointing the timing and causes of major shifts in atmospheric oxygen because they are fundamental to understanding how complex life, including humans, came to be. While our understanding of this critical period is still taking shape, a team of researchers from Syracuse University and MIT is digging deep -- literally -- into ancient rock cores from beneath South Africa to unearth clues about the timing of the GOE. Their work provides new insight into the pace of biological evolution in response to rising oxygen levels -- and the long, complex journey toward the emergence of eukaryotes (organisms whose cells contain a nucleus enclosed within a membrane).

The study, published in the journal Proceedings of the National Academy of Sciences, was led by Benjamin Uveges '18 Ph.D., who completed the project as a postdoctoral associate at MIT and collaborated with Syracuse University Earth sciences professor Christopher Junium on the chemical analyses.

Answers Embedded in Rock

To step back in time, the research team analyzed sedimentary rock cores collected from several sites across South Africa. These locations were carefully selected because their rocks, dating back 2.2 to 2.5 billion years, fall within the ideal age range for preserving evidence of the GOE. By analyzing stable isotopic ratios embedded in these rocks, the team uncovered evidence of oceanic processes that required the presence of nitrate -- an indicator of more oxygen-rich conditions.




To analyze the ancient sediment, Uveges worked with Junium, an associate professor of Earth and environmental sciences at Syracuse University. Junium specializes in studying how past environments evolved to better understand future global change. His state-of-the-art instruments were essential for obtaining accurate readings of trace nitrogen levels.

"The rocks that we analyzed for this study had very low nitrogen concentrations in them, too low to measure with the traditional instrumentation used for this work," says Uveges. "Chris has built one of only a handful of instruments in the world that can measure nitrogen isotope ratios in samples with 100 to 1,000 times less nitrogen in them than the typical minimum."

In Junium's lab, the team analyzed nitrogen isotope ratios from South African rock samples using an instrument called an Isotope Ratio Mass Spectrometer (IRMS). The samples were first crushed into powder, chemically treated to extract specific components, then converted into gas. This gas was ionized (turned into charged particles) and accelerated through a magnetic field, which separated the isotopes based on their mass. The IRMS then measured the ratio of 15N to 14N, which can reveal how nitrogen was processed in the past.

So how does this process reveal past oxygen levels? Microbes (short for microorganisms) influence the chemical makeup of sediments before they become rock, leaving behind isotopic signatures of how nitrogen was being processed and used. Tracking changes in 15N to 14N over time helps scientists understand how Earth's environment, particularly oxygen levels, evolved.

Rewriting the Oxygen Timeline

According to Uveges, the most surprising finding is a shift in the timing of the ocean's aerobic nitrogen cycle. Evidence suggests that nitrogen cycling became sensitive to dissolved oxygen roughly 100 million years earlier than previously thought -- indicating a significant delay between oxygen buildup in the ocean and its accumulation in the atmosphere.




Junium notes that these results mark a critical tipping point in the nitrogen cycle, when organisms had to update their biochemical machinery to process nitrogen in a more oxidized form that was harder for them to absorb and use.

"All of this fits with the emerging idea that the GOE was a protracted ordeal where organisms had to find the balance between taking advantage of the energy gains of oxygenic photosynthesis, and the gradual adaptations to dealing with its byproduct, oxygen," says Junium.

As oxygen produced through photosynthesis began to accumulate in the atmosphere, this rise in oxygen led to the extinction of many anaerobic organisms and set the stage for the evolution of aerobic respiration -- a process that uses oxygen to break down glucose and provides the energy needed for functions like muscle movement, brain activity and cellular maintenance in humans and other animals.

"For the first 2 plus billion years of Earth's history there was exceedingly little free oxygen in the oceans or atmosphere," says Uveges. "In contrast, today oxygen makes up one fifth of our atmosphere and essentially all complex multicellular life as we know it relies on it for respiration. So, in a way, studying the rise of oxygen and its chemical, geological and biological impacts is really studying how the planet and life co-evolved to arrive at the current situation."

Their findings reshape our understanding of when Earth's surface environments became oxygen-rich after the evolution of oxygen-producing photosynthesis. The research also identifies a key biogeochemical milestone that can help scientists model how different forms of life evolved before and after the GOE.

"I hope our findings will inspire more research into this fascinating time period," says Uveges. "By applying new geochemical techniques to the rock cores we studied, we can build an even more detailed picture of the GOE and its impact on life on Earth."

This work was funded by grants including: An NSF CAREER award (Syracuse University -- Christopher Junium) and a Simons Foundation Origins of Life Collaboration award (MIT -- Benjamin Uveges, Gareth Izon and Roger Summons).
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        Researchers develop innovative model to study sense of smell
        Using a newly devised, three-dimensional model to study the regeneration of nerve tissue in the nose, researchers have discovered that one type of stem cell thought to be dormant may play a more significant role in preserving the sense of smell than originally believed.

      

      
        Decades-old assumptions about brain plasticity upended
        A new study challenges a decades-old assumption in neuroscience by showing that the brain uses distinct transmission sites -- not a shared site -- to achieve different types of plasticity.

      

      
        Guardrails, education urged to protect adolescent AI users
        The effects of artificial intelligence on adolescents are nuanced and complex, according to a new report that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.

      

      
        Eating an array of smaller fish could be nutrient-dense solution to overfishing
        To satisfy the seafood needs of billions of people, offering them access to a more biodiverse array of fish creates opportunities to mix-and-match species to obtain better nutrition from smaller portions of fish.

      

      
        Molecular link between air pollution and pregnancy risks
        A new study found exposure to specific tiny particles in air pollution during pregnancy are associated with increased risk of various negative birth outcomes.

      

      
        Pancreatic cancer spreads to liver or lung thanks to this protein
        Scientists have discovered how pancreatic cancer cells thrive in the lungs or liver, environments that are as distinct to cells as the ocean and desert are to animals. The spread of cancer cells to organs like these often produces the very first symptoms of pancreatic cancer. But by that time, the pancreatic cancer has spread out of control.

      

      
        Epilepsy is more common in patients with frontotemporal dementia than expected
        According to a recent study, in patients with frontotemporal dementia (FTD), epileptic seizures are significantly more common than previously known. The discovery deepens understanding of the symptoms of this memory disorder and emphasises the importance of taking epileptic seizures into account in the treatment and monitoring of patients.

      

      
        Tea, berries, dark chocolate and apples could lead to a longer life span, study shows
        New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.

      

      
        Being in nature can help people with chronic back pain manage their condition
        Researchers asked patients, some of whom had experienced lower back pain for up to 40 years, if being in nature helped them coped better with their lower back pain. They found that people able to spend time in their own gardens saw some health and wellbeing benefits. However, those able to immerse themselves in larger green spaces such as forests felt even more positive, as they were able to lose themselves in the environment and focus more on that than their pain levels. The researchers have rec...

      

      
        New mRNA vaccine is more effective and less costly to develop
        A new type of mRNA vaccine is more scalable and adaptable to continuously evolving viruses such as SARS-CoV-2 and H5N1, according to a new study.

      

      
        Two plant species invent the same chemically complex and medically interesting substance
        The biosynthesis of the great variety of natural plant products has not yet been elucidated for many medically interesting substances. In a new study, an international team of researchers was able to show how ipecacuanha alkaloids, substances used in traditional medicine, are synthesized. They compared two distantly related plant species and were able to show that although both plant species use a comparable chemical approach, the enzymes they need for synthesis differ and a different starting ma...

      

      
        Clinical research on psychedelics gets a boost from new study
        As psychedelics gain traction as potential treatments for mental health disorders, an international study stands to improve the rigor and reliability of clinical research.

      

      
        Large-scale immunity profiling grants insights into flu virus evolution
        A new study shows how person-to-person variation in antibody immunity plays a key role in shaping which influenza (flu) strains dominate in a population.

      

      
        Early driver of prostate cancer aggressiveness
        Researchers have identified a gene that plays a key role in prostate cancer cells that have transitioned to a more aggressive, treatment-resistant form. The gene can be indirectly targeted with an existing class of drugs, suggesting a potential treatment strategy for patients with aggressive subtypes of prostate cancer.

      

      
        Record high: Study finds growing cannabis use among older adults
        Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to a recent analysis.

      

      
        Preventing chronic inflammation from turning into cancer
        Chronic inflammatory bowel disease is challenging to treat and carries a risk of complications, including the development of bowel cancer. Young people are particularly affected: when genetic predisposition and certain factors coincide, diseases such as ulcerative colitis or Crohn's disease usually manifest between the ages of 15 and 29 -- a critical period for education and early career development. Prompt diagnosis and treatment are crucial. Researchers have now discovered a therapeutic target ...

      

      
        Combination therapy can prolong life in severe heart disease
        Aortic valve narrowing (aortic stenosis) with concomitant cardiac amyloidosis is a severe heart disease of old age that is associated with a high risk of death. Until now, treatment has consisted of valve replacement, while the deposits in the heart muscle, known as amyloidosis, often remain untreated. Researchers have now demonstrated that combined treatment consisting of heart valve replacement and specific drug therapy offers a significant survival advantage for patients.

      

      
        Brain training game offers new hope for drug-free pain management
        A trial of an interactive game that trains people to alter their brain waves has shown promise as a treatment for nerve pain -- offering hope for a new generation of drug-free treatments.

      

      
        Attachment theory: A new lens for understanding human-AI relationships
        Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.

      

      
        Self-powered artificial synapse mimics human color vision
        Despite advances in machine vision, processing visual data requires substantial computing resources and energy, limiting deployment in edge devices. Now, researchers from Japan have developed a self-powered artificial synapse that distinguishes colors with high resolution across the visible spectrum, approaching human eye capabilities. The device, which integrates dye-sensitized solar cells, generates its electricity and can perform complex logic operations without additional circuitry, paving th...

      

      
        Dancing brainwaves: How sound reshapes your brain networks in real time
        What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study, your brain doesn't just hear it -- it reorganizes itself in real time.

      

      
        Student discovers long-awaited mystery fungus sought by LSD's inventor
        Making a discovery with the potential for innovative applications in pharmaceutical development, a microbiology student has found a long sought-after fungus that produces effects similar to the semisynthetic drug LSD, which is used to treat conditions like depression, post-traumatic stress disorder and addiction.

      

      
        Synthetic compound shows promise against multidrug resistance
        Researchers have synthesized a new compound called infuzide that shows activity against resistant strains of pathogens.

      

      
        Immune system discovery reveals potential solution to Alzheimer's
        A new way of thinking about Alzheimer's disease has yielded a discovery that could be the key to stopping the cognitive decline seen in Alzheimer's and other neurodegenerative diseases, including ALS and Parkinson's.

      

      
        Insect protein blocks bacterial infection
        Scientists have reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface. A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.

      

      
        Mediterranean diet provides symptom relief for patients with IBS in pilot study
        In a comparative pilot study, the Mediterranean diet and the low FODMAP diet both provided relief for patients with IBS.

      

      
        Singing to babies improves their mood
        Singing to your infant can significantly boost the baby's mood, according to a recent study. Around the world and across cultures, singing to babies seems to come instinctively to caregivers. Now, new findings support that singing is an easy, safe, and free way to help improve the mental well-being of infants. Because improved mood in infancy is associated with a greater quality of life for both parents and babies, this in turn has benefits for the health of the entire family, the researchers say...

      

      
        Common gene variant doubles dementia risk for men
        New research has found that men who carry a common genetic variant are twice as likely to develop dementia in their lifetime compared to women.

      

      
        Innovative immunotherapy shows promise against aggressive T cell cancers
        An international clinical trial shows an innovative CAR-T cell immunotherapy is promising against aggressive T cell cancers and has manageable side effects.

      

      
        Leprosy existed in America long before arrival of Europeans
        Long considered a disease brought to the Americas by European colonizers, leprosy may actually have a much older history on the American continent. Scientists reveal that a recently identified second species of bacteria responsible for leprosy, Mycobacterium lepromatosis, has been infecting humans in the Americas for at least 1,000 years, several centuries before the Europeans arrived.

      

      
        Does outdoor air pollution affect indoor air quality? It could depend on buildings' HVAC
        Researchers determined how much outdoor particulate pollution affects indoor air quality. Their study concluded pollution from inversion and dust events is kept out of buildings, but wildfire smoke can sneak inside if efficient 'air-side economizers' are in use.

      

      
        Sustained in the brain: How lasting emotions arise from brief stimuli, in humans and mice
        Humans and mice share persistent brain-activity patterns in response to adverse sensory experience, scientists find, opening a window to our emotions and, perhaps, neuropsychiatric disorders.

      

      
        Evolution of a single gene allowed the plague to adapt, survive and kill much of humanity over many centuries
        Scientists have documented the way a single gene in the bacterium that causes bubonic plague, Yersinia pestis, allowed it to survive hundreds of years by adjusting its virulence and the length of time it took to kill its victims, but these forms of plague ultimately died out.

      

      
        Cellular scaffolding secrets unlocked: Scientists discover key to microtubule growth
        Scientists found out how naturally unstable filaments decide whether to grow or to shorten.

      

      
        Mindfulness and brain stimulation could reduce bladder leaks
        A new study suggests that mindfulness training and/or non-invasive brain stimulation could reduce bladder leaks and feelings of urgency in patients with 'latchkey incontinence.'
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Researchers develop innovative model to study sense of smell | ScienceDaily
Using a newly devised, three-dimensional model to study the regeneration of nerve tissue in the nose, researchers at Tufts University School of Medicine and the Graduate School of Biomedical Sciences (GSBS) and colleagues have discovered that one type of stem cell thought to be dormant may play a more significant role in preserving the sense of smell than originally believed.


						
Unlike cells in the central nervous system, sensory neurons in the nasal cavity have a remarkable ability to regenerate throughout life despite near constant exposure to the outside environment.

Viral infections such as COVID-19, exposure to toxins, or even aging itself can diminish their function or the ability of these cells to replicate, which can lead to a partial or complete loss of smell. The team of researchers devised a new, easy-to-create, three-dimensional olfactory tissue mouse model or organoid to help scientists better study how neurons are continually formed in the nose and why this process might decline in disease and aging.

Their research, published recently in Cell Reports Methods, uses this mouse model to show how two types of stem cells in the nose, called horizontal basal cells (HBCs) and globose basal cells (GBCs), communicate and support each other to develop new smell-sensing nerve tissue.

"Our research suggests that these two stem cells may be interdependent," says Brian Lin, senior author on the study and a research assistant professor in the Department of Developmental, Molecular and Chemical Biology. "One type that we thought was largely dormant -- HBCs -- may actually play a crucial role in supporting the production of new neurons and the repair of damaged tissue."

Using this model, the team identified a specific subpopulation of HBCs, marked by their production of the protein KRT5, that actively support the generation of new olfactory neurons. The researchers observed that these particular HBCs play a key role in the formation of the organoids, and they found that when these cells were selectively depleted from the organoid cultures, the generation of new neurons was significantly impaired. These results suggest that these stem cells, once thought to be dormant, are essential players in the regenerative process.

"We also looked at cells from mice of different ages and grew them in the model," Lin says. "We found a decline in the ability of the older mice cells to generate new neurons. We think this is due to a decrease in the GBC population as we age, but we need to do more work to test this hypothesis and if so, develop ways to rejuvenate them."

An Easy-To-Use Model




Lead author of the study, Juliana Gutschow Gameiro, a former Ph.D. student visiting GSBS, came to Tufts from the State University of Londrina, Parana, in Brazil. Lin says she was dedicated to developing a model that was easy to create in labs with limited funds and equipment.

"Because loss of smell is associated with COVID-19, as well as with Parkinson's disease and other conditions, a much larger number of researchers from a variety of different fields have begun researching olfactory epithelial cells in the last few years," says Lin.

"We wanted to develop an easy-to-use model so that non-stem cell biologists and those working in labs with limited resources could use it to better understand how olfactory neurons regenerate and what happens that causes that process to diminish or fail completely," he says.

Next Step: A Human Organoid

The ultimate goal is to use this mouse-tissue model of olfactory sensory neurons as a pathway to developing a human organoid that can be used to screen drugs to treat people whose sense of smell is significantly diminished or gone.

Organoids make pre-clinical trial research quicker, less expensive, and potentially more effective than using whole animals or existing human cell cultures. Organoids have already been developed for lungs, kidneys, and other organs, but not for human olfactory tissue.

"It's challenging to get pure olfactory tissue from humans," Lin says. Individuals are anesthetized and a brush similar to a COVID test wand is pushed deep into the nasal cavity. Unlike in their mouse model, human respiratory stem cells and olfactory stem cells collected in this process are difficult to separate.

The research team's next challenge is to develop a simple, inexpensive technique for separating out the human olfactory stem cells and coaxing them to grow in the lab.
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Decades-old assumptions about brain plasticity upended | ScienceDaily
A new study from Pitt researchers challenges a decades-old assumption in neuroscience by showing that the brain uses distinct transmission sites -- not a shared site -- to achieve different types of plasticity. The findings, published in Science Advances, offer a deeper understanding of how the brain balances stability with flexibility, a process essential for learning, memory and mental health.


						
Neurons communicate through a process called synaptic transmission, where one neuron releases chemical messengers called neurotransmitters from a presynaptic terminal. These molecules travel across a microscopic gap called a synaptic cleft and bind to receptors on a neighboring postsynaptic neuron, triggering a response.

Traditionally, scientists believed spontaneous transmissions (signals that occur randomly) and evoked transmissions (signals triggered by sensory input or experience) originated from one type of canonical synaptic site and relied on shared molecular machinery. Using a mouse model, the research team -- led by Oliver Schluter, associate professor of neuroscience in the Kenneth P. Dietrich School of Arts and Sciences -- discovered that the brain instead uses separate synaptic transmission sites to carry out regulation of these two types of activity, each with its own developmental timeline and regulatory rules.

"We focused on the primary visual cortex, where cortical visual processing begins," said Yue Yang, a research associate in the Department of Neuroscience and first author of the study. "We expected spontaneous and evoked transmissions to follow a similar developmental trajectory, but instead, we found that they diverged after eye opening."

As the brain began receiving visual input, evoked transmissions continued to strengthen. In contrast, spontaneous transmissions plateaued, suggesting that the brain applies different forms of control to the two signaling modes.

To understand why, the researchers applied a chemical that activates otherwise silent receptors on the postsynaptic side. This caused spontaneous activity to increase, while evoked signals remained unchanged -- strong evidence that the two types of transmission operate through functionally distinct synaptic sites.

This division likely enables the brain to maintain consistent background activity through spontaneous signaling while refining behaviorally relevant pathways through evoked activity. This dual system supports both homeostasis and Hebbian plasticity, the experience-dependent process that strengthens neural connections during learning.

"Our findings reveal a key organizational strategy in the brain," said Yang. "By separating these two signaling modes, the brain can remain stable while still being flexible enough to adapt and learn."

The implications could be broad. Abnormalities in synaptic signaling have been linked to conditions like autism, Alzheimer's disease and substance use disorders. A better understanding of how these systems operate in the healthy brain may help researchers identify how they become disrupted in disease.

"Learning how the brain normally separates and regulates different types of signals brings us closer to understanding what might be going wrong in neurological and psychiatric conditions," Yang said.
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Guardrails, education urged to protect adolescent AI users | ScienceDaily
The effects of artificial intelligence on adolescents are nuanced and complex, according to a report from the American Psychological Association that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.


						
"AI offers new efficiencies and opportunities, yet its deeper integration into daily life requires careful consideration to ensure that AI tools are safe, especially for adolescents," according to the report, entitled "Artificial Intelligence and Adolescent Well-being: An APA Health Advisory." "We urge all stakeholders to ensure youth safety is considered relatively early in the evolution of AI. It is critical that we do not repeat the same harmful mistakes made with social media."

The report was written by an expert advisory panel and follows on two other APA reports on social media use in adolescence and healthy video content recommendations.

The AI report notes that adolescence -- which it defines as ages 10-25 -- is a long development period and that age is "not a foolproof marker for maturity or psychological competence." It is also a time of critical brain development, which argues for special safeguards aimed at younger users.

"Like social media, AI is neither inherently good nor bad," said APA Chief of Psychology Mitch Prinstein, PhD, who spearheaded the report's development. "But we have already seen instances where adolescents developed unhealthy and even dangerous 'relationships' with chatbots, for example. Some adolescents may not even know they are interacting with AI, which is why it is crucial that developers put guardrails in place now."

The report makes a number of recommendations to make certain that adolescents can use AI safely. These include:

Ensuring there are healthy boundaries with simulated human relationships. Adolescents are less likely than adults to question the accuracy and intent of information offered by a bot, rather than a human.




Creating age-appropriate defaults in privacy settings, interaction limits and content. This will involve transparency, human oversight and support and rigorous testing, according to the report.

Encouraging uses of AI that can promote healthy development. AI can assist in brainstorming, creating, summarizing and synthesizing information -- all of which can make it easier for students to understand and retain key concepts, the report notes. But it is critical for students to be aware of AI's limitations.

Limiting access to and engagement with harmful and inaccurate content. AI developers should build in protections to prevent adolescents' exposure to harmful content.

Protecting adolescents' data privacy and likenesses. This includes limiting the use of adolescents' data for targeted advertising and the sale of their data to third parties.

The report also calls for comprehensive AI literacy education, integrating it into core curricula and developing national and state guidelines for literacy education.

"Many of these changes can be made immediately, by parents, educators and adolescents themselves," Prinstein said. "Others will require more substantial changes by developers, policymakers and other technology professionals."

Report: https://www.apa.org/topics/artificial-intelligence-machine-learning/health-advisory-ai-adolescent-well-being

In addition to the report, further resources and guidance for parents on AI and keeping teens safe and for teens on AI literacy are available at APA.org.
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Eating an array of smaller fish could be nutrient-dense solution to overfishing | ScienceDaily
To satisfy the seafood needs of billions of people, offering them access to a more biodiverse array of fish creates opportunities to mix-and-match species to obtain better nutrition from smaller portions of fish.


						
The right combination of certain species can provide up to 60% more nutrients than if someone ate the same quantity of even a highly nutritious species, according to an analysis by Cornell University researchers.

"This research hopefully highlights the importance of biodiversity, not just because of a moral quandary that we're causing a mass extinction on Earth, but also because biodiversity can lead to better outcomes for fishery sustainability," said first author Sebastian Heilpern, a postdoctoral fellow who has done previous research related to this in the Amazon River.

In the study, Heilpern and colleagues began by identifying a list of fish species that people are known to consume. Heilpern cross-checked it with existing nutrient content data for each species. From there, researchers determined the fish species that are found in every country or territory on Earth. The biogeographic and nutrient data was then fed into a computer model.

"We can then ask, out of all these combinations of potential options of species, which ones could we select and how much of each, in a way that would provide us with sufficient nutrition to meet a person's diet [needs] with the lowest amount of fish biomass," Heilpern said.

The model revealed that when fisheries are more biodiverse, an optimal diet that uses the lowest quantity of fish skews towards species with traits that can give them greater resilience to anthropogenic pressures like overexploitation and climate change. Such species tend to be smaller, lower on the food chain, and can be substituted with a wider range of other small species that contain similar levels of nutrients, thereby providing people with many potential alternatives.

Smaller species, like sardines, tend to be more ecologically resilient because they grow at faster rates than larger species. Additionally, optimal species are able to tolerate wider temperature ranges, making them more resilient to climate shocks.

The investigation showed that tropical coastal countries tend to have the most biodiverse fisheries, including countries in the Coral Triangle in the Pacific Ocean, Australia, India and the Amazon. The U.S. has good biodiversity, though Americans tend to consume a select few species; only 10 species account for up to 90% of fish that Americans eat.

The study was funded by the Schmidt Sciences programs, Cornell University, the National Science Foundation, the National Institute of Food and Agriculture, the Air Force Office of Scientific Research, and the David and Lucile Packard Foundation.
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Molecular link between air pollution and pregnancy risks | ScienceDaily

The study, which analyzed blood samples provided by 330 pregnant women from the Atlanta metropolitan area, is believed to be the first to investigate how exposure to ambient fine particulate matter (PM2.5) commonly found in air pollution affects the metabolism of pregnant women and contributes to increased risks of preterm and early term births.

"The link between air pollution and premature birth has been well established, but for the first time we were able to look at the detailed pathway and specific fine particles to identify how they are reflected in the increased risk of adverse birth outcomes," says Donghai Liang, PhD, study lead author and associate professor of environmental health at the Rollins School of Public Health. "This is important because if we can figure out the 'why' and 'how' then we can know better how to address it."

Why This Matters

Previous research has shown pregnant women and fetuses are more vulnerable than other populations to exposure to PM2.5 -- which is emitted from combustion sources such as vehicle exhaust, industrial processes, and wildfires -- including increased likelihood of preterm births (less than 37 weeks of gestation), which is the leading cause of death globally among children under the age of five. Preterm birth is also linked to complications such as cerebral palsy, respiratory distress syndrome, and long-term noncommunicable disease risks, while early term births (37-39 weeks of gestation) are also associated with increased neonatal morbidity and developmental challenges. Approximately 10% of the preterm births in the world are attributable to PM2.5 exposure.

Key Findings
    	This was the first study to uncover the specific pathways and molecules involved in energy and amino acid metabolism that may explain how exposure to PM2.5 contributes to preterm and early term births.
    	The researchers identified two substances -- cortexolone and lysoPE(20:3) -- as factors in the relationship between short-term air pollution exposure and elevated risk of early births, offering a potential mechanism through which air pollution triggers premature labor.
    	The study highlighted disruptions in protein digestion and absorption -- which are vital to fetal development and immune function -- as potential links between air pollution and early births, also offering new potential targets for prevention efforts.
    	Of the 330 women who participated in the Emory study, 66 (20%) delivered preterm babies and 54 (16.4%) delivered early term babies, both of which are significantly higher than the prevalence in the general U.S. population.

What The Experts Say

"As an air pollution scientist, I do not think air pollution is going away anytime soon. Even at lower levels, we continue to see harmful health effects, but we can't just ask people to simply move away from highly polluted areas," Liang says. "So, from a clinical intervention standpoint, that's why it's critical to gain a better understanding on these pathways and molecules affected by pollution. In the future, we may be able to target some of these molecules to develop effective strategies or clinical interventions that could help reduce these adverse health effects."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250603141202.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Pancreatic cancer spreads to liver or lung thanks to this protein | ScienceDaily
A protein called PCSK9 determines how pancreatic cancer cells metastasize to different parts of the body.


						
Scientists at UC San Francisco have discovered how pancreatic cancer cells thrive in the lungs or liver, environments that are as distinct to cells as the ocean and desert are to animals. The spread of cancer cells to organs like these often produces the very first symptoms of pancreatic cancer. But by that time, the pancreatic cancer has spread out of control.

The findings, published May 21 in Nature, create new opportunities to treat pancreatic cancer, which is notoriously resistant to many therapies. The study was funded in part by the National Institutes of Health (NIH), the National Science Foundation (NSF), and the American Association for Cancer Research.

In the study, researchers wanted to know what allowed cells to survive in one place instead of the other. To do this, they analyzed data from MetMap, a project at the Broad Institute, an independent research organization, to find pancreatic cancer cell lines that had a tendency to colonize either the lung or the liver. Then, they looked for genomic differences that could reveal why, or even how, these cells preferred one organ over the other.

Their analysis turned up a protein called PCSK9 that controls how cells obtain cholesterol. When PCSK9 levels are low, pancreatic cancer cells consume nearby cholesterol, which is abundant in the liver. When PCSK9 levels are high, the cancer cells produce their own cholesterol. They also make molecules that protect them from damage by oxygen, a perfect adaptation to survival in the lungs.

When the team forced pancreatic cancer cells that were destined for the liver to express PCSK9, the cells made a detour to the lungs.

"Cancers persist by adapting to live in new tissues and organs, and we found that pancreatic tumors use PCSK9 to adapt as they spread," said Rushika Perera, PhD, the Deborah Cowan Endowed Associate Professor of Anatomy at UCSF and senior author of the paper. "It opens the door to fighting metastatic cancer growth by manipulating how cells acquire their cholesterol.
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Epilepsy is more common in patients with frontotemporal dementia than expected | ScienceDaily
According to a recent study, in patients with frontotemporal dementia (FTD), epileptic seizures are significantly more common than previously known. The discovery deepens understanding of the symptoms of this memory disorder and emphasises the importance of taking epileptic seizures into account in the treatment and monitoring of patients.


						
Coordinated by Neurocenter Finland, this major project by the University of Eastern Finland and the University of Oulu examined the prevalence of epilepsy in patients with FTD. The research dataset is one of the largest in the world, and the results have been published in the prestigious JAMA Neurology journal.

Epilepsy occurred years before the FTD diagnosis 

Epilepsy is known to be associated with Alzheimer's disease, for example, but data on the on the connection between FTD and epilepsy remains scarce. The newly published study fills this information gap and shows that epilepsy is considerably more common in patients with FTD than previously estimated.

The study analysed patient data from the university hospitals of Kuopio and Oulu from the period 2010-2021. Out of a total of 12,490 medical records, the study identified 245 patients with FTD and 1,326 patients with Alzheimer's disease. In addition to examining the prevalence of epilepsy in these patients, the prevalence was also examined in healthy controls.

"Our results show that epilepsy is considerably more common among those with FTD than those with Alzheimer's disease or in healthy controls," says Doctoral Researcher Annemari Kilpelainen, the first author of the research article and a medical specialist in neurology.

"It is noteworthy that epilepsy occurred in some patients with FTD already ten years before their dementia diagnosis, and it was more common in all the examined stages of the disease than previous international studies have reported."

The prevalence of epilepsy was assessed at several time points from ten years before to five years after the dementia diagnosis. In patients with FTD, the prevalence of epilepsy increased over time, and five years after the diagnosis approximately 11% had epilepsy. In addition to epilepsy diagnoses, medications used for epilepsy were more common in patients with FTD, which strengthens the reliability of the results.




Epilepsy might be left undiagnosed

Diagnosing epilepsy in patients with FTD may be challenging as the symptoms of the disease may resemble epileptic seizures. This may lead to underdiagnosis and delays in treatment. However, untreated epilepsy can significantly worsen patients' condition.

"Identifying epilepsy is important because its treatment can improve patients' functional capacity and quality of life. Knowledge about the association between epilepsy and FTD raises new research questions: do these diseases share some pathophysiological mechanisms and could some FTD symptoms be caused by alterations in the specific electrical systems of the brain," says the project's principal investigator, Associate Professor and Director of UEF Brain Research Unit Eino Solje.

An extensive research project brings together different fields of science

The recently published study is part of an extensive project that combines exceptionally extensive real-life patient data with different kinds of unique registers. The project involves a strong cooperation between the University of Oulu and the University of Eastern Finland as well as different fields of science, including between researchers in the fields of medicine and law. Kuopio University Hospital and Oulu University Hospital are part of the international European Reference Network EpiCARE and recognised centres in the field of epilepsy treatment and research.
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Tea, berries, dark chocolate and apples could lead to a longer life span, study shows | ScienceDaily
New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.


						
The study was led by a team of researchers from Queen's University Belfast, Edith Cowan University Perth (ECU), and the Medical University of Vienna and Universitat Wien.

The findings reveal that increasing the diversity of flavonoids within your diet could help prevent the development of health conditions such as type 2 diabetes, cardiovascular disease (CVD), cancer and neurological disease.

Flavonoids are found in plant foods like tea, blueberries, strawberries, oranges, apples, grapes, and even red wine and dark chocolate.

Published in Nature Food, the study tracked over 120,000 participants aging from 40 to 70 years old for over a decade. It is the first study of its kind to suggest that there is a benefit to consuming a wide range of flavonoids beyond that of simply consuming a high quantity.

ECU Research Fellow, first author and co-lead of the study Dr Benjamin Parmenter, made the initial discovery that a flavonoid-diverse diet is good for health.

"Flavonoid intakes of around 500 mg a day was associated with a 16% lower risk of all-cause mortality, as well as a ~10% lower risk of CVD, type 2 diabetes, and respiratory disease. That's roughly the amount of flavonoids that you would consume in two cups of tea."

Dr Parmenter added, however, that those who consumed the widest diversity of flavonoids, had an even lower risk of these diseases, even when consuming the same total amount. For example, instead of just drinking tea, it's better to eat a range of flavonoid-rich foods to make up your intake, because different flavonoids come from different foods.




"We have known for some time that higher intakes of dietary flavonoids, powerful bioactives naturally present in many foods and drinks, can reduce the risk of developing heart disease, type 2 diabetes, and neurological conditions like Parkinson's," study co-lead Professor Aedin Cassidy from the Co-Centre for Sustainable Food Systems and Institute for Global Food Security at Queen's said.

"We also know from lab data and clinical studies that different flavonoids work in different ways, some improve blood pressure, others help with cholesterol levels and decrease inflammation. This study is significant as the results indicate that consuming a higher quantity and wider diversity has the potential to lead to a greater reduction in ill health than just a single source."

Professor Tilman Kuhn from the Medical University of Vienna, Universitat Wien and Queen's University Belfast was also a co-lead author, noted that the importance of diversity of flavonoid intake has never been investigated until now, making this study very significant as the findings align with popular claims that eating colourful foods are invaluable to maintain good health.

"Eating fruits and vegetables in a variety of colours, including those rich in flavonoids, means you're more likely to get the vitamins and nutrients you need to sustain a healthier lifestyle," he said.

The first-ever dietary guidelines for flavonoids were released recently recommending increasing the consumption of flavonoids to maintain health.

"Our study provides inaugural evidence that we may also need to advise increasing diversity of intake of these compounds for optimal benefits," Dr Parmenter said.

"The results provide a clear public health message, suggesting that simple and achievable dietary swaps, such as drinking more tea and eating more berries and apples for example, can help increase the variety and intake of flavonoid-rich foods, and potentially improve health in the long-term," Professor Cassidy added.
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Being in nature can help people with chronic back pain manage their condition | ScienceDaily
ing time in or around nature can provide people suffering from chronic lower back pain with a degree of escapism that helps them better manage their physical discomfort, a new study has shown.


						
The research, published in The Journal of Pain, is the first of its kind to ask people experiencing chronic lower back pain - in some cases for almost 40 years - about the role nature plays in any coping strategies they employ to help manage their condition.

The researchers found that people able to get out in nature said it enabled them to connect with others on a social level whereas they might otherwise spend the majority of their time indoors and isolated.

It provided them with a degree of distraction from their pain and a sense of escapism from their daily lives, and they enjoyed the opportunity to exercise in pleasant surroundings, preferring it to gyms or similar settings.

In addition, natural features such as fresh air and the sound and visual presence of water, the interviewees said, helped give them a feeling of tranquillity that relieved the stresses and anxieties created by their pain levels.

However, they did have concerns about the accessibility of some spaces, with factors such as unsteady or uneven terrain and a lack of seating having the potential to reduce their enjoyment of - and making them less inclined to visit - certain places.

Based on their findings, the researchers have recommended that people with chronic lower back pain - and the clinicians treating them - give greater consideration to the role nature can play in their health and wellbeing, and suggested natural spaces could be adapted to incorporate more accessible design features.




They are also working with people with varying forms of chronic pain to develop and test virtual reality innovations that may enable them to experience the benefits of being in nature on occasions where they can't physically access them.

The study was conducted by experts in pain management and environmental psychology at the University of Plymouth and University of Exeter, and is based on interviews with 10 people who had experienced chronic lower back pain for between five and 38 years.

Alexander Smith, a PhD researcher in the University of Plymouth's School of Psychology and the study's lead author, said: "Lower back pain, like many other forms of physical discomfort, can be debilitating, isolating and exhausting. But amid a push for novel and more holistic therapies to treat chronic pain, nature has been suggested as a potential option. Our research showed that those able to get out into nature saw the benefits of doing so, both from a physical and a mental perspective. Simple changes, such as better paths and seating, and technological innovations including virtual reality may help make those benefits accessible to everyone. But we hope our findings open the door to greater exploration of how that might be achieved."

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter and the study's senior author, added: "This study addresses important questions about health equity and the significant physical barriers faced by people living with chronic pain in accessing natural spaces. Many individuals encounter substantial obstacles, including uneven terrain, limited seating, or difficulties leaving their homes, making it challenging for them to benefit from the restorative properties of nature. We think that future research could use immersive technologies, such as virtual reality, to help overcome these barriers which would enable individuals to experience the benefits of nature without needing to physically navigate inaccessible environments. This could significantly enhance inclusivity and accessibility in chronic pain management strategies in the future."
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New mRNA vaccine is more effective and less costly to develop | ScienceDaily
A new type of mRNA vaccine is more scalable and adaptable to continuously evolving viruses such as SARS-CoV-2 and H5N1, according to a study by researchers at University of Pittsburgh School of Public Health and the Pennsylvania State University. The study was published today in npj Vaccines.


						
Though highly effective at inducing an immune response, current mRNA vaccines, such as those used to prevent COVID-19, present two significant challenges: the high amount of mRNA needed to produce them and the constantly evolving nature of the pathogen.

"The virus changes, moving the goal post, and updating the vaccine takes some time," said senior author Suresh Kuchipudi, Ph.D., chair of Infectious Diseases and Microbiology at Pitt Public Health.

To address these challenges, the researchers created a proof-of-concept COVID-19 vaccine using what's known as a"trans-amplifying" mRNA platform. In this approach, the mRNA is separated into two fragments -- the antigen sequence and the replicase sequence -- the latter of which can be produced in advance, saving crucial time in the event a new vaccine must be developed urgently and produced at scale.

Additionally, the researchers analyzed the spike-protein sequences of all known variants of the SARS-CoV-2 for commonalities, rendering what's known as a "consensus spike protein" as the basis for the vaccine's antigen.

In mice, the vaccine induced a robust immune response against many strains of SARS-CoV-2.

"This has the potential for more lasting immunity that would not require updating, because the vaccine has the potential to provide broad protection," said Kuchipudi. "Additionally, this format requires an mRNA dose 40 times less than conventional vaccines, so this new approach significantly reduces the overall cost of the vaccine."

The lessons learned from this study could inform more efficient vaccine development for other constantly evolving RNA viruses with pandemic potential, Kuchipudi said. "We hope to apply the principles of this lower-cost, broad-protection antigen design to pressing challenges like bird flu."

Other authors on the study were Abhinay Gontu, Padmaja Jakka, Ph.D., Maurice Byukusenge, D.V.M., Ph.D., D.A.C.V.M., Meera Surendran Nair, Bhushan M. Jayarao, M.V.Sc., Ph.D., M.P.H., Marco Archetti, Ph.D., and Ruth H. Nissly, Ph.D., all of Pennsylvania State University; and Sougat Misra, Ph.D., Shubhada K. Chothe, Ph.D., M.V.Sc., B.V.Sc., Santhamani Ramasamy, Ph.D., D.A.C.V.M., and Lindsey C. LaBella, all of Pitt.

This research was supported by chair funds from the Huck Institutes of the Life Sciences and Interdisciplinary Innovation Fellowship at the One Health Microbiome Center at Pennsylvania State University.
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Two plant species invent the same chemically complex and medically interesting substance | ScienceDaily
The elucidation of the biosynthetic pathway of ipecacuanha alkaloids shows how two distantly related plant species could develop the same substance independently.


						
Plants produce an enormous abundance of natural products. Many plant natural products are ancestry-specific and occur only in certain plant families, sometimes only in a single species. Interestingly, however, the same substances can sometimes be found in distantly related species. In most cases, however, only the end product is known and it is largely unclear how these substances are produced in plants. Ipecacuanha alkaloids occur in two distantly related plant species known as medicinal plants: in ipecac Carapichea ipecacuanha, which belongs to the gentian family, and in the sage-leaved alangium (Alangium salviifolium), which belongs to the dogwood family and is known from Ayurvedic medicine.

Earlier studies had already shown that both species produce ipecacuanha alkaloids. In particular, the extract of ipecac ("Ipecac syrup") was a widely used pharmacy-only medication until the 1980s (especially in North America), used to induce vomiting in cases of poisoning. The active emetic substances are cephaelin and emetine, both of which are derived from the precursor protoemetine, but it was largely unknown how they produce these. In only two small studies had some enzymes been identified in ipecac, but most of the enzymes were unknown and no enzymes were known at all in Alangium.

For Maite Colinas, first author of the study and project group leader in the Department of Natural Product Biosynthesis at the Max Planck Institute for Chemical Ecology, Jena, the key questions were: "The last common ancestor of these species lived more than 100 million years ago, so we hypothesized that the two species had independently developed ways to produce ipecac alkaloids. A key question was whether they had found the same or different pathways to produce these compounds, both chemically and enzymatically."

Initially, the team found that ipecac alkaloids are present to some extent in all plant tissues of both species, but much higher amounts occur in young leaf tissues and in underground plant organs. By comparing tissues with high and low levels of ipecac alkaloids, genes that could be involved in the biosynthesis were identified. Further tests and genetic transformation of a model plant allowed the stepwise reconstruction of the biosynthetic pathway in both species. The pathway held a few surprises in store; contrary to expectations, the first step in the biosynthesis does not appear to be controlled by an enzyme, but instead occurs spontaneously. Another surprise was the involvement of an unusual enzyme. Its three-dimensional structure was completely different from all other enzymes that catalyze the same reaction, namely the cleavage of a sugar molecule. "This class of enzymes is usually not involved in the production of natural products. This is probably also the reason why it was the last enzyme we identified in this study," reports Maite Colinas.

Interestingly, the sugar-cleaving enzyme was detected in the cell nucleus, while the substrate is thought to be located in the vacuole. After the sugar has been cleaved, the substances are highly reactive and thus likely to be toxic. By spatially separating the substrate and enzyme, the plant avoids the presumed toxic accumulation of these toxic compounds. However, if a herbivore, such as a caterpillar, eats from the plant, the cells are destroyed, enzyme and substrate come together and the toxic substances are only formed as defensive substances when they are needed. Similar defense systems with spatial separation of enzyme and substrate have already been described for other natural products, for example for glucosinolates, saponins or monoterpenoid indole alkaloids. Plants repeatedly use the same defense mechanisms and use chemically completely different compounds.

A comparison of the enzymes involved in the biosynthesis of the two plant species suggests that they have evolved the production of the same group of alkaloids independently of each other in the course of evolution. "Since the biosynthesis of ipecac alkaloids appears to have evolved independently, this pathway may serve as a model for research into the evolution of natural product pathways. Downstream metabolites, particularly in Alangium (e.g. tubulosin), also have interesting pharmacological effects, but their specific effects have not been well studied due to their low abundance. Therefore, our research could help to produces these substances in larger quantities in the future, so that their pharmacological activities can be investigated in more detail," explains Sarah O'Connor, head of the Department of Natural Product Biosynthesis at the MPI for Chemical Ecology, the significance of the study.

In further work, the final steps of the biosynthesis are to be elucidated, because so far, the entire metabolic pathway has only been demonstrated up to the central intermediate protoemetin, but the steps to the end products are still missing.
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Clinical research on psychedelics gets a boost from new study | ScienceDaily
As psychedelics gain traction as potential treatments for mental health disorders, an international study led by researchers at McGill University, Imperial College London, and the University of Exeter stands to improve the rigour and reliability of clinical research.


						
Up to now, psychedelic clinical trials have had what has been widely acknowledged as a critical flaw: the failure to properly account for how a person's mindset and surroundings influence the effects of psychedelics such as MDMA and psilocybin. This gap has led to inconsistent study results, making regulatory approval more difficult.

To address this, the researchers conducted a Delphi consensus study, bringing together 89 experts from 17 countries for a multi-round debate. The result is the Reporting of Setting in Psychedelic Clinical Trials (ReSPCT) guidelines, published in Nature Medicine, a 30-item checklist, representing the first global agreement on which psychosocial factors have the greatest impact on a psychedelic experience.

"For decades, we've known that psychedelics don't work in isolation. The person's mindset, the therapy room, even the music playing all influence outcomes," said co-lead author Chloe Pronovost-Morgan, a researcher at McGill University and Imperial College London. "Two trials using the same psychedelic drug, at the same dose, can produce completely different results depending on the environment."

This approach challenges the way psychoactive drugs are typically studied, where scientists try to control or eliminate outside variables to isolate a drug's effects. These guidelines recognize that context is crucial and should be studied directly.

Why guidelines matter

By offering a standard framework for evaluating and reporting these variables, the guidelines aim to make trial outcomes more consistent and comparable across studies.




Leor Roseman from the University of Exeter is co-senior author and said: "Having clear guidelines for contextual considerations is essential to understand the effects of psychedelics and how they work differently from other psychiatric medications. Our guidelines will also help in replicating results and understanding the true therapeutic potential of psychedelics."

The lack of standards has had consequences beyond the research lab, Pronovost-Morgan explained. The U.S. Food and Drug Administration recently rejected MDMA-assisted therapy for post-traumatic stress disorder, citing inconsistent reporting across trials as a key reason for the decision.

"There is immense public interest in psychedelic therapies, particularly for individuals suffering from debilitating mental health conditions like PTSD, depression and anxiety, which have not responded to existing treatments," said co-senior author Kyle Greenway, Assistant Professor in McGill's Division of Social and Transcultural Psychiatry and a researcher at the Lady Davis Institute for Medical Research.

"Our guidelines offer a new gold standard for psychedelic research, helping bring these treatments to those who need them most."

The research team is organizing a three-day workshop in October, funded by McGill's Healthy Brains, Healthy Lives initiative, where leading experts in psychedelics and neuroscience will discuss how the guidelines can be integrated into research and clinical practice.
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Large-scale immunity profiling grants insights into flu virus evolution | ScienceDaily
A new study has shown that person-to-person variation in antibody immunity plays a key role in shaping which influenza (flu) strains dominate in a population.


						
The work, published today as a Reviewed Preprint in eLife, uses a high-throughput sequencing-based assay to quantify antibody immunity against circulating H3N2 flu strains in both children and adults. The editors describe this as an important study that advances our understanding of population-level immunity, and say that the strength of evidence is compelling. The work will be of interest to immunologists, virologists, vaccine developers and researchers working on mathematical modelling of infectious diseases.

Flu viruses accumulate mutations that help them evade antibodies generated by the immune system after prior infections or vaccinations. This process means that people can be reinfected with the flu multiple times in their lives, and vaccines must be regularly updated to remain effective. The human immune response to flu is shaped by a variety of factors, including the strains an individual has previously encountered.

"Differences in infection and vaccination histories within a group of people mean that population immunity to a specific variant of the flu is highly varied," says co-lead author Caroline Kikawa, an MD/PhD student in the Department of Genome Sciences, University of Washington, Seattle, USA, and the Division of Basic Sciences and Computational Biology Program, Fred Hutch Cancer Center, Seattle, USA. "Understanding how this variety in antibodies across a population affects the evolutionary success of new flu strains has remained challenging, in part because conventional methods to quantify antibody levels are too slow and can only assess a handful of samples at a time." Kikawa served as lead author of the study alongside Andrea Loes, Staff Scientist and Lab Manager at senior author Jesse Bloom's lab, Division of Basic Sciences and Computational Biology Program, Fred Hutch Cancer Center.

To address this challenge, Kikawa, Loes and colleagues developed a high-throughput neutralisation assay to measure how well individual serum samples - the component of blood that contains antibodies - can block infection by a panel of different flu viruses. High-throughput refers to the assay's ability to process large amounts of data simultaneously.

The team produced viruses expressing 78 distinct hemagglutinin (HA) proteins from 2023-circulating flu viruses and recent vaccine strains, and tagged each one with a unique genetic 'barcode'. HA proteins are a part of the virus recognised by antibodies, and can rapidly change to evade the immune response. The team mixed these viruses with sera and used a technique called Illumina sequencing to quantify how well each virus was neutralised.

Using this approach, the researchers measured neutralisation titers - a measurement of how much serum is needed to neutralise the virus - against the 78 flu variants using 150 serum samples, from children and adults, collected in 2023 in the US. In total, they generated over 11,000 individual titer measurements, creating a detailed snapshot of population immunity at the start of the 2023-2024 flu season.




The results showed wide variation in neutralisation responses between individuals. For example, some of the sera collected from children strongly neutralised nearly all tested strains, while others had a much weaker response. Adults generally showed more consistent immunity, but still displayed considerable variation individually. Overall, the highest rates of neutralisation responses were found in a subset of children, consistent with the idea that neutralising antibody responses are highest to strains encountered during the first decades of life. It could also be that children are more prone to flu and could therefore be more likely to have recent immunological boosting. These findings highlight that immunity to the flu is highly personalised.

To evaluate how this variation affects virus evolution, the researchers compared neutralisation titers with the growth rates of each viral strain during the 2023 flu season. They used a statistical model called multinomial logistic regression to analyse how the frequency of each strain changed over time in the human population, and compared this to the fraction of serum samples that had low neutralisation titers against each strain.

They found that the strains that spread most successfully were those that escaped neutralisation in a larger fraction of the sera. Specifically, strains were more likely to grow in frequency when a high percentage of individuals had titers below a threshold, indicating weaker immunity against that strain. This suggests that large-scale sequencing-based neutralisation assays can help inform our understanding of flu virus evolution.

This relationship held when neutralisation was measured using individual sera, but not when the sera were pooled together. In some virus surveillance systems, pooled serum samples are used to estimate population immunity. However, this finding suggests that pooled measurements may fail to capture the full range of responses seen in individuals.

"Our findings show that individual-level immune variation, not just average immunity across the population, is a key factor in determining which flu strains are most successful," says Loes.

While the study involved a large number of titer measurements, the authors note that the samples were collected from a limited set of locations and age groups. Most child samples came from a hospital in Seattle, while adult samples were drawn from vaccinated cohorts in Philadelphia and Australia. As a result, the dataset may not fully reflect global patterns of immunity.

"This is nevertheless one of the largest datasets linking human antibody immunity to the success of flu virus strains in a population," says senior author and HHMI Investigator Jesse Bloom, Professor in the Basic Sciences Division and Herbold Computational Biology Program at Fred Hutch Cancer Center, and Affiliate Professor of Genome Sciences at the University of Washington. "It provides a framework for understanding how diverse immune histories can affect viral evolution. These methods could complement existing surveillance systems and support vaccine composition decisions by providing more detailed insights into population immunity."
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Early driver of prostate cancer aggressiveness | ScienceDaily
Researchers at the University of Michigan Rogel Cancer Center identified a gene that plays a key role in prostate cancer cells that have transitioned to a more aggressive, treatment-resistant form. The gene can be indirectly targeted with an existing class of drugs, suggesting a potential treatment strategy for patients with aggressive subtypes of prostate cancer.


						
"Patients whose prostate tumors lose reliance on the androgen receptor do poorly. Our results suggest a therapeutic approach for patients whose tumors have undergone that shift," said senior study author Joshi J. Alumkal, M.D., the Wicha Family Professor of Oncology at the University of Michigan Rogel Cancer Center.

The work advances earlier studies that found prostate cancer cells undergo a process called lineage plasticity, in which they become resistant to targeting the androgen receptor, a key target in prostate cancer. This transition away from dependence on the androgen receptor is a continuum with cancer cells taking on alternate identities from what is typical in most prostate cancers that rely on the androgen receptor.

In this new study, led by Zhi Duan, Ph.D., and published in the Journal of Clinical Investigation, the team examined which factors might be causing this transition to occur. They identified the gene PROX1, which plays a role in dictating cell identity in both normal cells and cancer cells. The team found that as prostate cancer cells transition to an alternate identity, PROX1 becomes more highly expressed.

Their studies implicating PROX1 began by examining patient tumor biopsies that had undergone lineage plasticity. PROX1 was the top upregulated gene. By examining hundreds of patient tumors along the continuum of lineage plasticity, they confirmed PROX1 as an early marker of lineage plasticity. Indeed, they found that tumors with low activity of the androgen receptor (called double-negative prostate cancer) in addition to tumors that completely lose expression of the androgen receptor (called neuroendocrine prostate cancer) turn on PROX1.

In additional experiments, the team showed PROX1 expression was inversely correlated with androgen receptor expression in prostate cancer patient tumor datasets. Adding PROX1 to prostate cancer cells also turned off the androgen receptor.

"We think PROX1 is regulating the androgen receptor. It may be one explanation for why the androgen receptor gets turned off when tumors undergo lineage plasticity and transition away from the typical glandular prostate cancer identity," Alumkal said.




Next, the team eliminated PROX1 expression with genetic methods in both double-negative prostate cancer and neuroendocrine prostate cancer cells. The cells then stopped growing and began to die, suggesting that targeting PROX1 could be an effective way to control these tumors.

One challenge is that PROX1 is a transcription factor, meaning its function to turn on genes, and this type of protein is notoriously difficult to target with drugs. Looking for a workaround, the team turned to the company PROX1 keeps.

"We examined the proteins that bind to PROX1. Among the top partners were histone deacetylases, or HDACs. We felt like this was guilt by association. We hypothesized that HDACs might cooperate with PROX1 and that targeting HDACs might be like targeting PROX1," Alumkal said.

HDACs are already known to play a role in cancer, and several HDAC inhibitors have been approved by the U.S. Food and Drug Administration for other cancers other than prostate.

The team found that PROX1-expressing prostate cancer cells were very sensitive to HDAC inhibitors and treatment with these drugs depleted PROX1 protein. As PROX1 expression decreased, the tumor cells died. The impact was similar to when the team genetically removed PROX1 from the cells.

"Our work implicates PROX1 as an important early driver away from androgen receptor dependence. HDAC inhibitors can block PROX1 and reduce survival of aggressive prostate tumor models that have transitioned away from androgen receptor reliance. Our results suggest this class of drugs should be prioritized for clinical trials in patients who have aggressive prostate cancer subtypes, for which there are few treatment options," Alumkal said.

Additional authors: Mingchen Shi, Anbarasu Kumaraswamy, Dong Lin, Dhruv Khokhani, Yong Wang, Chao Zhang, Fiana Flores, Eva Rodansky, Olivia A. Swaim, William K. Storck, Hannah Beck, Radhika A. Patel, Erolcan Sayar, Brian P. Hanratty, Hui Xue, Xin Dong, Zoe R. Maylin, Rensheng Wan, David A. Quigley, Martin Sjostrom, Ya-Mei Hu, Faming Zhao, Zheng Xia, Siyuan Cheng, Xiuping Yu, Felix Y. Feng, Li Zhang, Rahul Aggarwal, Eric J. Small, Visweswaran Ravikumar, Arvind Rao, Karan Bedi, John K. Lee, Colm Morrissey, Ilsa Coleman, Peter S. Nelson, Eva Corey, Aaron Udager, Ryan Rebernick, Marcin P. Cieslik, Arul M. Chinnaiyan, Joel A. Yates, Michael C. Haffner, Yuzhuo Wang
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Record high: Study finds growing cannabis use among older adults | ScienceDaily
Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to an analysis led by researchers with the Center for Drug Use and HIV/HCV Research (CDUHR) at the NYU School of Global Public Health.


						
Their findings, published in JAMA Internal Medicine, also show that the profile of those who use cannabis has changed in recent years, with pronounced increases in use by older adults who are college-educated, married, female, and have higher incomes.

"Our study shows that cannabis use among older adults continues to increase, although there have been major shifts in use according to demographic and socioeconomic factors," said Joseph Palamar, PhD, MPH, an associate professor of population health at NYU Grossman School of Medicine, an affiliated researcher with CDUHR, and the study's senior author.

Most Americans live in a state where marijuana has been legalized for medical use, recreational use, or both. To better understand the prevalence of marijuana use among older adults in the US, researchers examined data from the National Survey on Drug Use and Health from 2021 through 2023. The respondents, who were 65 and older, were asked about past-month cannabis use, which was defined as "current" use.

"This is the first time we were able to examine 'current' use of cannabis in this age group. Before, we were only able to look at past-year use because the numbers for current use were too small," said Benjamin Han, MD, MPH, associate professor and associate chief of research in the Division of Geriatrics, Gerontology, and Palliative Care at the University of California San Diego and the study's first author.

The researchers found that current cannabis use among older adults grew to 7 percent in 2023, up from 4.8 percent in 2021 and 5.2 percent in 2022 -- a nearly 46 percent increase in only two years.

"If we look even further back to 2006 and 2007, less than 1 percent of older adults used cannabis in the past year. Now, we're seeing that 7 percent have used it in the past month alone," said Han, an affiliated researcher with CDUHR.




Certain groups of older adults experienced sharper increases in use over this period than others, including those who are married, white, have a college degree, and have an income of at least $75,000. Older women also saw a steep increase in cannabis use, although older men are still more likely than women to use the drug.

In addition, cannabis use grew more among those living in states where medical marijuana is legal versus states where it is not.

"It shouldn't be surprising that use is becoming increasingly more common among people who live in states that allow medical cannabis, which could be due to increased availability or social acceptability," said Palamar. "Interestingly, with respect to income, those with the highest incomes had the lowest prevalence of cannabis use in 2021, but by 2023 this group had the highest prevalence, which may indicate who has access to medical cannabis given its costs."

The researchers also found significant increases in cannabis use by older adults with chronic diseases -- and notably, those with multiple chronic conditions -- including heart issues, diabetes, hypertension, cancer, and chronic pulmonary obstructive disease.

The authors caution that the overall increases may be driven, in part, by those who use cannabis aging into the 65+ age bracket for the period studied. Regardless, they recommend that clinicians screen and educate their older patients about cannabis use, including how physiological changes that accompany aging can make people more sensitive to psychoactive substances.

"As a geriatrician, I see more and more people interested in using cannabis for treating chronic health symptoms. But cannabis can complicate the management of chronic diseases and be potentially harmful if patients are not educated on its use and potential risks," said Han.

Kevin H. Yang of UC San Diego and Charles Cleland of NYU Grossman School of Medicine were also co-authors on the study. The research was supported by the National Institute on Drug Abuse (K23DA043651, R21DA058404, R21DA060362, R01DA057289, R01DA060207, and P30DA01104) and the UC San Diego Sam and Rose Stein Institute for Research on Aging.
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Preventing chronic inflammation from turning into cancer | ScienceDaily
Chronic inflammatory bowel disease is challenging to treat and carries a risk of complications, including the development of bowel cancer. Young people are particularly affected: when genetic predisposition and certain factors coincide, diseases such as ulcerative colitis or Crohn's disease usually manifest between the ages of 15 and 29 -- a critical period for education and early career development. Prompt diagnosis and treatment are crucial. Researchers at Charite -- Universitatsmedizin Berlin have now discovered a therapeutic target that significantly contributes to halting the ongoing inflammatory processes. Their findings are published in the current issue of the journal Nature Immunology.


						
Sometimes gradually, sometimes in flare-ups -- accompanied by severe abdominal cramps, diarrhea, weight loss, fatigue and a high level of emotional stress -- this is how the two most common chronic inflammatory bowel diseases, Crohn's disease and ulcerative colitis, often begin. While ulcerative colitis only affects the inner lining of the large intestine, Crohn's disease can involve the entire thickness of the intestinal wall, most commonly in the small intestine, but sometimes also the stomach and esophagus. Ongoing inflammation can cause lasting tissue damage and increase the risk of cancer. While traditional treatments aim to suppress the immune system as a whole, newer therapies are more targeted: they interrupt the inflammatory process by blocking specific messenger substances that drive inflammation in the body.

The exact causes of severe systemic diseases are still not fully understood to this day. In addition to genetic factors, environmental influences are also believed to play an important role in their development. Prof. Ahmed Hegazy has been studying inflammatory processes in the gut and the immune system's defense mechanisms at Charite's Department of Gastroenterology, Infectiology and Rheumatology for several years. Together with his team, he has now succeeded in identifying the interaction between two messenger substances of the immune system as the driving force behind chronic intestinal inflammation: Interleukin-22, a protein that supports the cells lining the inside of the gut and helps maintain the protective barrier, and oncostatin M, a signaling molecule that plays a significant role in tissue repair and cell differentiation.

Uncontrolled chain reaction

"At the clinic, we mainly see young patients who just beginning their professional lives. So far, we have only been able to slow down the progression of the disease and alleviate symptoms. But not all patients respond well to existing treatments, so new therapeutic approaches are urgently needed," says Ahmed Hegazy. In previous work, the research team closely examined the effects of oncostatin M, an inflammation-promoting messenger molecule. This protein, produced by certain immune cells, activates other inflammatory factors -- setting off a chain reaction that triggers an excessive immune response. "It was especially interesting for us to see that patients with high levels of oncostatin M do not respond to several common therapies," Ahmed Hegazy explains. "This means that Oncostatin M levels could help predict treatment failure and may serve as a biomarker for more severe disease. That's exactly where we focused our efforts: we wanted to understand this signaling pathway better and find ways to block it with targeted treatments."

The research team spent five years uncovering how the immune messenger oncostatin M triggers inflammatory responses. They began by using animal models, and later studies tissue samples from patients, to examine the different stages of chronic intestinal diseases, State-of-the-art single-cell sequencing showed that -- compared to healthy tissue -- a much larger number of unexpected cell types in the inflamed gut have binding sites (receptors) for oncostatin M. At the same time, additional immune cells start producing the inflammatory protein. Interestingly, interleukin-22, which normally protects tissue, also makes the gut lining more sensitive to oncostatin M by increasing the number of its receptors. "These two immune messengers work together and amplify the inflammation, drawing more immune cells into the intestine, like a fire that keeps getting more fuel and spreads," as Ahmed Hegazy relates. "In our models, we specifically blocked the binding sites for oncostatin M and saw a clear reduction in both chronic inflammation and the associated of cancer."

Targeted therapy for high-risk patients in sight

The researchers found a particularly high number of receptors for the messenger molecule oncostatin M around the tumors in tissue samples from patients with colorectal cancer caused by chronic intestinal inflammation -- but not in the surrounding healthy tissue. This observation suggests that this signaling pathway may help promote cancer development. However, chronic inflammation does not always lead to bowel cancer, and not every patient is affected in the same way. "Chronic inflammatory bowel diseases are highly complex and differ from person to person. That's exactly what makes them so difficult to treat and predict treatment," says Prof. Britta Siegmund, Director of the Clinic for Gastroenterology, Infectiology and Rheumatology. "Thanks to the role of oncostatin M and its amplifying interaction with interleukin-22, which we have now identified, we have a clearer understanding of what drives chronic inflammation in some patients. This opens up the door to developing and testing a new therapeutic approach."

The team's experimental findings may soon translate into a real-world therapy: by specifically disrupting the harmful interaction between the immune messengers interleukin-22 and oncostatin M. "Our results provide a strong scientific basis for developing targeted treatments against this inflammation-promoting mechanism in chronic inflammatory bowel disease -- particularly in patients with more severe forms of the illness," explains Ahmed Hegazy. A clinical trial is already underway to test an antibody that blocks the receptors for Oncostatin M.
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Combination therapy can prolong life in severe heart disease | ScienceDaily
Aortic valve narrowing (aortic stenosis) with concomitant cardiac amyloidosis is a severe heart disease of old age that is associated with a high risk of death. Until now, treatment has consisted of valve replacement, while the deposits in the heart muscle, known as amyloidosis, often remain untreated. An international research consortium led by MedUni Vienna and University College London has now been able to demonstrate for the first time that combined treatment consisting of heart valve replacement and specific drug therapy offers a significant survival advantage for patients. The study results have been published in the European Heart Journal.


						
As part of the study conducted by the research team led by Christian Nitsche (Department of Medicine II, Clinical Division of Cardiology, MedUni Vienna) and Thomas Treibel (Department of Cardiovascular Imaging, University College London), data from 226 patients with aortic stenosis and concomitant cardiac amyloidosis from ten countries were examined. Aortic stenosis is a narrowing of the heart valve that directs blood from the left ventricle into the bloodstream. In cardiac amyloidosis, misfolded proteins are deposited in the heart muscle. Both diseases occur in older people and often together. Until now, it was unclear whether treating amyloidosis in addition to valve surgery would benefit patients.

The analysis now published showed that both aortic valve replacement and treatment with the drug tafamidis for amyloidosis were associated with a significantly lower risk of death. The survival benefit was highest in patients who received both forms of treatment. "Our results even show that patients with both conditions who received valve replacement and specific amyloidosis therapy had similar long-term survival rates to people with aortic stenosis without amyloidosis," emphasises study leader Christian Nitsche.

Targeted tests necessary

Both aortic stenosis and cardiac amyloidosis impair the heart's pumping function and can lead to death if left untreated. Targeted therapy can slow the progression of amyloidosis, while valve replacement treats the mechanical stress caused by the narrowed heart valve. Around ten percent of patients with aortic stenosis also have amyloidosis, but this is often not diagnosed in everyday clinical practice. "Our findings also suggest that patients with severe aortic valve stenosis should be screened for amyloidosis so that we can offer them targeted life-prolonging treatment options," emphasises Christian Nitsche.
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Brain training game offers new hope for drug-free pain management | ScienceDaily
A trial of an interactive game that trains people to alter their brain waves has shown promise as a treatment for nerve pain -- offering hope for a new generation of drug-free treatments.


						
The PainWaive technology, developed by UNSW Sydney researchers, teaches users how to regulate abnormal brain activity linked to chronic nerve pain, offering a potential in-home, non-invasive alternative to opioids.

A recent trial of the technology, led by Professor Sylvia Gustin and Dr Negin Hesam-Shariati from UNSW Sydney's NeuroRecovery Research Hub, has delivered promising results, published in the Journal of Pain.

The study compared hundreds of measures across participants' pain and related issues like pain interference before, during and after four weeks of interactive game play. Their brain activity was tracked via EEG (electroencephalogram) headsets, with the app responding in real time to shifts in brainwave patterns.

Three out of the four participants showed significant reductions in pain, particularly nearing the end of the treatment. Overall, the pain relief achieved by the three was comparable to or greater than that offered by opioids.

"Restrictions in the study's size, design and duration limit our ability to generalise the findings or rule out placebo effects," Dr Hesam-Shariati says.

"But the results we've seen are exciting and give us confidence to move to the next stage and our larger trial."

The PainWaive project builds on UNSW Professor Sylvia Gustin's seminal research into changes in the brain's thalamus -- a central relay hub in the brain -- associated with nerve (neuropathic) pain.




"The brainwaves of people with neuropathic pain show a distinct pattern: more slow theta waves, fewer alpha waves, and more fast, high beta waves," Prof. Gustin says.

"We believe these changes interfere with how the thalamus talks to other parts of the brain, especially the sensory motor cortex, which registers pain."

"I wondered, can we develop a treatment that directly targets and normalises these abnormal waves?"

The challenge was taken up by an interdisciplinary team at UNSW Science and Neuroscience Research Australia (NeuRA), led by Prof. Gustin and Dr Hesam-Shariati, and resulted in PainWaive.

The four participants in its first trial received a kit with a headset and a tablet preloaded with the game app, which includes directions for its use. They were also given tips for different mental strategies, like relaxing or focusing on happy memories, to help bring their brain activity into a more "normal" state.

The user data, meanwhile, was uploaded to the research team for remote monitoring.




"After just a couple of Zoom sessions, participants were able to run the treatment entirely on their own," says Dr Hesam-Shariati.

"Participants felt empowered to manage their pain in their own environment. That's a huge part of what makes this special."

Initially, Dr Hesam-Shariati says, the team planned to use existing commercial EEG systems, but they were either too expensive or didn't meet the quality needed to deliver the project. Instead, they developed their own.

"Everything except the open-source EEG board was built in-house," says Dr Hesam-Shariati. "And soon, even that will be replaced by a custom-designed board."

Thanks to 3D printing, Prof. Gustin says, the team has cut the cost of each headset to around $300 -- a fraction of the $1,000 to $20,000 price tags of existing systems.

The headset uses a saline-based wet electrode system to improve signal quality and targets the sensorimotor cortex.

"We've worked closely with patients to ensure the headset is lightweight, comfortable, and user-friendly," says Prof. Gustin.

"Owning the technology offers us the potential to one day offer PainWaive as a truly affordable, accessible solution for at-home pain management, especially for those with limited access to traditional treatments."

The researchers are now calling for participants to register their interest in two upcoming trials of the neuromodulation technology: the Spinal Pain Trial, investigating its potential to reduce chronic spinal pain, and the StoPain Trial, exploring its use in treating chronic neuropathic pain in people with a spinal cord injury.
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Attachment theory: A new lens for understanding human-AI relationships | ScienceDaily
Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.


						
Artificial intelligence (AI) is ubiquitous in this era. As a result, human-AI interactions are becoming more frequent and complex, and this trend is expected to accelerate soon. Therefore, scientists have made remarkable efforts to better understand human-AI relationships in terms of trust and companionship. However, these man-machine interactions can possibly also be understood in terms of attachment-related functions and experiences, which have traditionally been used to explain human interpersonal bonds.

In an innovative work, which incorporates two pilot studies and one formal study, a group of researchers from Waseda University, Japan, including Research Associate Fan Yang and Professor Atsushi Oshio from the Faculty of Letters, Arts and Sciences, has utilized attachment theory to examine human-AI relationships. Their findings were recently published online in the journal Current Psychology on May 9, 2025.

Mr. Yang explains the motivation behind their research. "As researchers in attachment and social psychology, we have long been interested in how people form emotional bonds. In recent years, generative AI such as ChatGPT has become increasingly stronger and wiser, offering not only informational support but also a sense of security. These characteristics resemble what attachment theory describes as the basis for forming secure relationships. As people begin to interact with AI not just for problem-solving or learning, but also for emotional support and companionship, their emotional connection or security experience with AI demands attention. This research is our attempt to explore that possibility."

Notably, the team developed a new self-report scale called the Experiences in Human-AI Relationships Scale, or EHARS, to measure attachment-related tendencies toward AI. They found that some individuals seek emotional support and guidance from AI, similar to how they interact with people. Nearly 75% of participants turned to AI for advice, while about 39% perceived AI as a constant, dependable presence.

This study differentiated two dimensions of human attachment to AI: anxiety and avoidance. An individual with high attachment anxiety toward AI needs emotional reassurance and harbors a fear of receiving inadequate responses from AI. In contrast, a high attachment avoidance toward AI is characterized by discomfort with closeness and a consequent preference for emotional distance from AI.

However, these findings do not mean that humans are currently forming genuine emotional attachments to AI. Rather, the study demonstrates that psychological frameworks used for human relationships may also apply to human-AI interactions. The present results can inform the ethical design of AI companions and mental health support tools. For instance, AI chatbots used in loneliness interventions or therapy apps could be tailored to different users' emotional needs, providing more empathetic responses for users with high attachment anxiety or maintaining respectful distance for users with avoidant tendencies. The results also suggest a need for transparency in AI systems that simulate emotional relationships, such as romantic AI apps or caregiver robots, to prevent emotional overdependence or manipulation.

Furthermore, the proposed EHARS could be used by developers or psychologists to assess how people relate to AI emotionally and adjust AI interaction strategies accordingly.

"As AI becomes increasingly integrated into everyday life, people may begin to seek not only information but also emotional support from AI systems. Our research highlights the psychological dynamics behind these interactions and offers tools to assess emotional tendencies toward AI. Lastly, it promotes a better understanding of how humans connect with technology on a societal level, helping to guide policy and design practices that prioritize psychological well-being," concludes Mr. Yang.
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Self-powered artificial synapse mimics human color vision | ScienceDaily
As artificial intelligence and smart devices continue to evolve, machine vision is taking an increasingly pivotal role as a key enabler of modern technologies. Unfortunately, despite much progress, machine vision systems still face a major problem: processing the enormous amounts of visual data generated every second requires substantial power, storage, and computational resources. This limitation makes it difficult to deploy visual recognition capabilities in edge devices -- such as smartphones, drones, or autonomous vehicles.


						
Interestingly, the human visual system offers a compelling alternative model. Unlike conventional machine vision systems that have to capture and process every detail, our eyes and brain selectively filter information, allowing for higher efficiency in visual processing while consuming minimal power. Neuromorphic computing, which mimics the structure and function of biological neural systems, has thus emerged as a promising approach to overcome existing hurdles in computer vision. However, two major challenges have persisted. The first is achieving color recognition comparable to human vision, whereas the second is eliminating the need for external power sources to minimize energy consumption.

Against this backdrop, a research team led by Associate Professor Takashi Ikuno from the School of Advanced Engineering, Department of Electronic Systems Engineering, Tokyo University of Science (TUS), Japan, has developed a groundbreaking solution. Their paper, published in Volume 15 of the journal Scientific Reports on May 12, 2025, introduces a self-powered artificial synapse capable of distinguishing colors with remarkable precision. The study was co-authored by Mr. Hiroaki Komatsu and Ms. Norika Hosoda, also from TUS.

The researchers created their device by integrating two different dye-sensitized solar cells, which respond differently to various wavelengths of light. Unlike conventional optoelectronic artificial synapses that require external power sources, the proposed synapse generates its electricity via solar energy conversion. This self-powering capability makes it particularly suitable for edge computing applications, where energy efficiency is crucial.

As evidenced through extensive experiments, the resulting system can distinguish between colors with a resolution of 10 nanometers across the visible spectrum -- a level of discrimination approaching that of the human eye. Moreover, the device also exhibited bipolar responses, producing positive voltage under blue light and negative voltage under red light. This makes it possible to perform complex logic operations that would typically require multiple conventional devices. "The results show great potential for the application of this next-generation optoelectronic device, which enables high-resolution color discrimination and logical operations simultaneously, to low-power artificial intelligence (AI) systems with visual recognition," notes Dr. Ikuno.

To demonstrate a real-world application, the team used their device in a physical reservoir computing framework to recognize different human movements recorded in red, green, and blue. The system achieved an impressive 82% accuracy when classifying 18 different combinations of colors and movements using just a single device, rather than the multiple photodiodes needed in conventional systems.

The implications of this research extend across multiple industries. In autonomous vehicles, these devices could enable more efficient recognition of traffic lights, road signs, and obstacles. In healthcare, they could power wearable devices that monitor vital signs like blood oxygen levels with minimal battery drain. For consumer electronics, this technology could lead to smartphones and augmented/virtual reality headsets with dramatically improved battery life while maintaining sophisticated visual recognition capabilities. "We believe this technology will contribute to the realization of low-power machine vision systems with color discrimination capabilities close to those of the human eye, with applications in optical sensors for self-driving cars, low-power biometric sensors for medical use, and portable recognition devices," remarks Dr. Ikuno.

Overall, this work represents a significant step toward bringing the wonders of computer vision to edge devices, enabling our everyday devices to see the world more like we do.
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Dancing brainwaves: How sound reshapes your brain networks in real time | ScienceDaily
What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study from Aarhus University and the University of Oxford, your brain doesn't just hear it -- it reorganizes itself in real time.


						
Every beep, tone and new sound you hear travels from the ear to registering in your brain. But what actually happens in your brain when you listen to a continuous stream of sounds? A new study from Aarhus University and University of Oxford published in Advanced Science reveals that the brain doesn't simply register sound: it dynamically reshapes its organization in real time, orchestrating a complex interplay of brainwaves in multiple networks.

The research, led by Dr. Mattia Rosso and Associate Professor Leonardo Bonetti at the Center for Music in the Brain, Aarhus University, in collaboration with the University of Oxford, introduces a novel neuroimaging method called FREQ-NESS -- Frequency-resolved Network Estimation via Source Separation. Using advanced algorithms, this method disentangles overlapping brain networks based on their dominant frequency. Once a network is identified by its unique frequency, the method can then trace how it propagates in space across the brain.

"We're used to thinking of brainwaves like fixed stations -- alpha, beta, gamma -- and of brain anatomy as a set of distinct regions," says Dr. Rosso. "But what we see with FREQ-NESS is much richer. It is long known that brain activity is organized through activity in different frequencies, tuned both internally and to the environment. Starting from this fundamental principle, we've designed a method that finds how each frequency is expressed across the brain."

Opens the door to precise brain mapping

The development of FREQ-NESS represents a major advance in how scientists can investigate the brain's large-scale dynamics. Unlike traditional methods that rely on predefined frequency bands or regions of interest, the data-driven approach maps the whole brain's internal organization with high spectral and spatial precision. And that opens new possibilities for basic neuroscience, brain-computer interfaces, and clinical diagnostics.

This study adds to a growing body of research exploring how the brain's rhythmic structure shapes everything from music cognition to general perception and attention, and altered states of consciousness.

"The brain doesn't just react: it reconfigures. And now we can see it," says Professor Leonardo Bonetti, co-author and neuroscientist at Center for Music in the Brain, Aarhus University, and at the Centre for Eudaimonia and Human Flourishing, University of Oxford. "This could change how we study brain responses to music and beyond, including consciousness, mind-wandering, and broader interactions with the external world."

A large-scale research program is now underway to build on this methodology, supported by an international network of neuroscientists. Due to the high reliability across experimental conditions and across datasets -- FREQ-NESS might also pave the way for individualized brain mapping, explains Professor Leonardo Bonetti.
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Student discovers long-awaited mystery fungus sought by LSD's inventor | ScienceDaily
Making a discovery with the potential for innovative applications in pharmaceutical development, a West Virginia University microbiology student has found a long sought-after fungus that produces effects similar to the semisynthetic drug LSD, which is used to treat conditions like depression, post-traumatic stress disorder and addiction.


						
Corinne Hazel, of Delaware, Ohio, an environmental microbiology major and Goldwater Scholar, discovered the new species of fungus growing in morning glory plants and named it Periglandula clandestina.

Hazel made the discovery while working in the lab with Daniel Panaccione, Davis-Michael Professor of Plant and Soil Sciences at the WVU Davis College of Agriculture and Natural Resources. She was studying how morning glories disperse protective chemicals called "ergot alkaloids" through their roots when she saw evidence of a fungus.

"We had a ton of plants lying around and they had these tiny little seed coats," she said. "We noticed a little bit of fuzz in the seed coat. That was our fungus."

The researchers prepared a DNA sample and sent it away for genome sequencing, funded by a WVU Davis College Student Enhancement Grant obtained by Hazel. The sequencing confirmed the discovery of a new species and the sequence is now deposited in a gene bank with her name on it.

"Sequencing a genome is a significant thing," Panaccione said. "It's amazing for a student."

Morning glory plants live in symbiosis with fungi that produce the same ergot alkaloids the Swiss chemist Albert Hofmann modified when he invented LSD in the late 1930s.




Hofmann hypothesized that a fungus in morning glories produced alkaloids similar to those in LSD, but the species remained a mystery until Hazel and Panaccione's discovery. They published their findings in Mycologia.

"Morning glories contain high concentrations of similar lysergic acid derivatives that give them their psychedelic activities," Panaccione said. "This inspired Hofmann and others to investigate morning glories for the presence of a hidden fungus related to the ergot fungus that might be the source of these chemicals. They found very similar chemicals, but they could never find the fungus itself."

Ergot alkaloids are made exclusively by fungi. In addition to morning glories, they're often found growing on grains like rye. They can be poisonous to humans and livestock and, when used therapeutically, can have unwanted side effects. Still, some clinicians use them to treat conditions like migraines, dementia, uterine hemorrhaging and Parkinson's disease.

Periglandula clandestina is highly efficient at making ergot alkaloids in large quantities, a characteristic that may play a role in future pharmaceuticals. The discovery of the fungus opens a host of potential research avenues, Panaccione said.

"Many things are toxic. But if you administer them in the right dosage or modify them, they can be useful pharmaceuticals. By studying them, we may be able to figure out ways to bypass the side effects. These are big issues for medicine and agriculture."

The researchers dubbed the fungus "Periglandula clandestina" for its ability to have eluded investigators for decades.

"I think that's the perfect name," Panaccione said. "And I love that we did this project together. Corinne has a ton of talent. It's about students recognizing the opportunities, seizing them and having the skill and the brain power to bring this work to fruition."

Hazel is now studying the most effective ways to culture the slow-growing fungus and is interested in whether other morning glory species may also contain ergot alkaloids from a fungal symbiote that has yet to be described.

"I'm lucky to have stumbled into this opportunity," she said. "People have been looking for this fungus for years, and one day, I look in the right place, and there it is. I'm very proud of the work that I've done at WVU."
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Synthetic compound shows promise against multidrug resistance | ScienceDaily
Antimicrobial resistance directly causes more than 1 million deaths every year and contributes to more than 35 million more, according to the World Health Organization. Staphylococcus aureus and Enterococcus sp., 2 gram-positive pathogens highly likely to develop resistance to known treatments, can cause dangerous hospital-acquired and community-acquired infections.


						
This week in Microbiology Spectrum, researchers describe a newly synthesized compound called infuzide that shows activity against antimicrobial resistant strains of S. aureus and Enterococcus in laboratory and mouse tests. In addition, the findings suggest that infuzide kills bacteria in ways that differ from other antimicrobials, which may help keep resistance at bay.

Infuzide emerged from more than a decade of work by interdisciplinary researchers looking for ways to create compounds that could act against pathogens in ways similar to known pharmaceutical compounds. Those include hydrazones, inorganic synthesized compounds that previous studies have shown to demonstrate antibacterial activity, including against resistant strains. The researchers synthesized 17 new compounds that contained hydrazones, and among those infuzide showed activity against gram-positive S. aureus and Enterococcus.

"We started the project as a collaboration, looking for ways to synthesize compounds and connecting them with compounds that might have biological activities," said medicinal chemist Michel Baltas, Ph.D., from the Laboratoire de Chimie de Coordination at the University of Toulouse in France. Baltas co-led the new work, along with Sidharth Chopra, Ph.D., from the CSIR-Central Drug Research Institute in Lucknow, India.

The researchers found that infuzide specifically attacks bacterial cells. In lab tests, they compared the antimicrobial effects of infuzide against vancomycin, a powerful antibiotic representing the standard of care in treating resistant infections. They found that infuzide more quickly and effectively reduced the size of bacterial colonies than the standard drug. In tests of resistant S. aureus infections on the skin of mice, the compound effectively reduced the bacterial population. The reduction was even higher, the researchers reported, when infuzide was combined with linezolid, a synthetic antibiotic.

Infuzide did not show significant activity against gram-negative pathogens, though Baltas said the group is looking for small changes to infuzide that might expand its antimicrobial activity.

The researchers synthesized the compounds without the need of solvents, which can be expensive and environmentally hazardous. The simplicity of the chemical reactions, Baltas said, would make it easy to make large quantities to be used in new treatments. "I am sure the same reactions can scale up."

In addition, the group has been investigating the effects of synthesized compounds on other infectious diseases, including tuberculosis. "We have many other candidates to make antimicrobial compounds," Baltas said.
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Immune system discovery reveals potential solution to Alzheimer's | ScienceDaily
A new way of thinking about Alzheimer's disease has yielded a discovery that could be the key to stopping the cognitive decline seen in Alzheimer's and other neurodegenerative diseases.


						
University of Virginia School of Medicine scientists have been investigating the possibility that Alzheimer's is caused, at least in part, by the immune system's wayward attempts to fix DNA damage in the brain. Their research reveals that an immune molecule called STING drives the formation of the harmful plaques and protein tangles thought responsible for Alzheimer's. Blocking the molecule protected lab mice from mental decline, the researchers say.

An important player in the brain's immune system, STING also may be a key contributor to Parkinson's disease, amyotrophic lateral sclerosis (ALS or Lou Gehrig's disease), dementia and other memory-robbing conditions. That means that developing treatments to control its activity could have far-reaching benefits for many patients facing now-devastating diagnoses.

"Our findings demonstrate that the DNA damage that naturally accumulates during aging triggers STING-mediated brain inflammation and neuronal damage in Alzheimer's disease," said researcher John Lukens, PhD, director of UVA's Harrison Family Translational Research Center in Alzheimer's and Neurodegenerative Diseases. "These results help to explain why aging is associated with increased Alzheimer's risk and uncover a novel pathway to target in the treatment of neurodegenerative diseases."

Alarming Trends in Alzheimer's

Alzheimer's is a growing problem across the country and around the world: More than 7 million Americans are already living with the condition, and that number could top 13 million by 2050. That has researchers working frantically to find ways to better understand and treat the condition.

The causes of Alzheimer's remain murky, but scientists are increasingly coming to appreciate the role of the immune system in the disease's development. STING is part of that immune response; the molecule helps direct the clearance of viruses and stressed cells harboring DNA damage.




While STING is an important defender of the brain, it can also become hyperactive and cause harmful inflammation and tissue damage. That had Lukens and his team eager to determine what part it could be playing in Alzheimer's. Blocking the molecule's activity in lab mice, they found, helped prevent Alzheimer's plaque formation, altered the activity of immune cells called microglia and redirected the workings of important genes, among other effects.

"We found that removing STING dampened microglial activation around amyloid plaques, protected nearby neurons from damage and improved memory function in Alzheimer's model mice," said researcher Jessica Thanos, part of UVA's Department of Neuroscience and Center for Brain Immunology and Glia (BIG Center). "Together, these findings suggest that STING drives detrimental immune responses in the brain that exacerbate neuronal damage and contribute to cognitive decline in Alzheimer's disease."

Promising Treatment Target

While scientists have been investigating other molecules thought to be important in Alzheimer's, STING makes for a particularly attractive target for developing new treatments, the UVA Health researchers say. That's because blocking STING appears to slow both the buildup of amyloid plaques and the development of tau tangles, the two leading candidates for the cause of Alzheimer's. Other molecules lack that robust involvement, and, further, could be targeted only at very specific -- and very limited -- stages in the disease's progression.

"We are only beginning to understand the complex role of innate immune activation in the brain, and this is especially true in both normal and pathological aging," Thanos said. "If we can pinpoint which cells and signals sustain that activation, we will be in a much better position to intervene effectively in disease."

While Lukens' pioneering research has opened new doors in the fight against Alzheimer's, much more work will need to be done to translate the findings into treatments. For example, scientists will need to better understand STING's roles in the body -- such as in the immune system's response to cancer -- to ensure any new treatment doesn't cause unwanted side effects.




But those are the types of big questions that Lukens and his collaborators at the Harrison Family Translational Research Center are eager to tackle as part of their efforts to fast-track new treatments and, eventually, they hope, cures. (The center is part of UVA's Paul and Diane Manning Institute of Biotechnology, now under construction at Fontaine Research Park.)

"Our hope is that this work moves us close to finding safer and more effective ways to protect the aging brain, as there is an urgent need for treatments that can slow or prevent neuronal damage in Alzheimer's," Lukens said. "Shedding light on how STING contributes to that damage may help us target similar molecules and ultimately develop effective disease-modifying treatments."

Findings Published

The researchers have published their findings in Alzheimer's & Dementia: The Journal of the Alzheimer's Association. The research team consisted of Thanos, Olivia C. Campbell, Maureen N. Cowan, Katherine R. Bruch, Katelyn A. Moore, Hannah E. Ennerfelt, Nick R. Natale, Aman Mangalmurti, Nagaraj Kerur and Lukens. The scientists have no financial interest in the work.

The study was supported by the National Institutes of Health's National Institute of Aging, grants R01AG071996, R01AG087406 and RF1AG078684; the Alzheimer's Association, grant ADSF-21-816651; the Cure Alzheimer's Fund; The Owens Family Foundation; and The Harrison Family Foundation.
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Insect protein blocks bacterial infection | ScienceDaily
A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.


						
The collaborative study led by researchers at RMIT University in Australia is the first reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface.

Study lead author Professor Namita Roy Choudhury said the finding is a critical step towards their goal of creating smart surfaces that stop dangerous bacteria, especially antibiotic-resistant ones like MRSA, from growing on medical implants.

"This work shows how these coatings can be adjusted to effectively fight bacteria -- not just in the short term, but possibly over a long period," she said.

Bacteria are often found on implants following surgery, despite sterilisation and infection controls. These can lead to infections requiring antibiotics, but with antibiotic resistance becoming more common, new preventative measures are needed.

"Antibiotic resistance has prompted greater interest in the area of self-sterilising materials and easy preparation of antibacterial surfaces," Choudhury said.

"Therefore, we designed this surface to completely prevent the initial attachment of the bacteria and biofilm formation to decrease the infection rates."

Choudhury said potential applications could include spray coatings for surgical tools, medical implants, catheters and wound dressings.




Resilin to the rescue

Resilin, a protein found in insects, is known for its remarkable elasticity -- it enables fleas to jump more than a hundred times their own height in microseconds -- but it's also extremely resilient and biocompatible.

"These exceptional properties and non-toxic nature make resilin and resilin-mimetic proteins ideal for many applications requiring flexible, durable materials and coatings," Choudhury said.

"These applications range from tissue engineering and drug delivery to flexible electronics and sports equipment, but this is the first work published on its performance as an antibacterial coating."

The team created several forms of coating from altered forms of resilin, then tested their interactions with E.coli bacteria and human skin cells in lab conditions.

The study showed how the altered proteins in nano droplet form known as coacervates were 100% effective at repelling the bacteria, while still integrating well with healthy human cells, a critical part of medical implant success.




Study lead author from RMIT Dr Nisal Wanasingha said the nano droplets' high surface area made them especially good at interacting with and repelling bacteria.

"Once they come in contact, the coating interacts with the negatively charged bacterial cell membranes through electrostatic forces, disrupting their integrity, leading to leakage of cellular contents and eventual cell death," he said.

Wanasingha said the resilin-based coatings not only showed 100% effectiveness in stopping bacteria from attaching to the surface but also offered several advantages compared to traditional approaches.

"Unlike antibiotics, which can lead to resistance, the mechanical disruption caused by the resilin coatings may prevent bacteria from establishing resistance mechanisms," he said.

"Meanwhile, resilin's natural origin and biocompatibility reduce the risk of adverse reactions in human tissues and, being protein-based, are more environmentally friendly than alternatives based on silver nanoparticles."

Next steps

Study co-author Professor Naba Dutta said resilin-mimetic protein is highly responsive to stimuli and changes in its environment, making it potentially tuneable for many functions.

"These early results are very promising as a new way to help improve infection control in hospitals and other medical settings, but now more testing is needed to see how these coatings work against a wider range of harmful bacteria," Dutta said.

"Future work includes attaching antimicrobial peptide segments during recombinant synthesis of resilin-mimics and incorporating additional antimicrobial agents to broaden the spectrum of activity."

Transitioning from lab research to clinical use will require ensuring the formula's stability and scalability, conducting extensive safety and efficacy trials, while developing affordable production methods for widespread distribution, he added.

The study was in collaboration with the ARC Centre of Excellence for Nanoscale BioPhotonics and the Australian Nuclear Science and Technology Organisation (ANSTO).

The team used ANSTO's Australian Centre for Neutron Scattering facilities, and RMIT University's Micro Nano Research Facility and Microscopy and Microanalysis Facility.

The work was funded by the Australia India Strategic Research Fund, Australian Institute of Nuclear Science and Engineering top-up Postgraduate Research Award (PGRA) and supported by the Australian Research Council.
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Mediterranean diet provides symptom relief for patients with IBS in pilot study | ScienceDaily
A pilot study from Michigan Medicine researchers found that the Mediterranean diet may provide symptom relief for people with irritable bowel syndrome.


						
Study participants were randomized into two groups, one following the Mediterranean diet and the other following the low FODMAP diet, a common restrictive diet for IBS.

In the Mediterranean diet group, 73% of the patients met the primary endpoint for symptom improvement, versus 81.8% in the low FODMAP group.

Irritable bowel syndrome affects an estimated 4-11% of all people, and a majority of patients prefer dietary interventions to medication.

The low FODMAP diet leads to symptom improvement in more than half of patients, but is restrictive and hard to follow.

Previous investigations from Michigan Medicine researchers into more accessible alternative diets led to a proposed "FODMAP simple," which attempted to only restrict the food groups in the FODMAP acronym that are most likely to cause symptoms.

"Restrictive diets, such as low FODMAP, can be difficult for patients to adopt," said Prashant Singh, MBBS, Michigan Medicine gastroenterologist and lead author on the paper.




"In addition to the issue of being costly and time-consuming, there are concerns about nutrient deficiencies and disordered eating when trying a low FODMAP diet. The Mediterranean diet interested us as an alternative that is not an elimination diet and overcomes several of these limitations related to a low FODMAP diet."

The Mediterranean diet is already popular among physicians for its benefits to cardiovascular, cognitive, and general health. Previous research on the effect of the Mediterranean diet on IBS, however, had yielded conflicting results.

In this pilot study, two groups of patients were provided with either a Mediterranean diet or the restriction phase of a low FODMAP diet for four weeks.

The primary endpoint was an FDA-standard 30% reduction in abdominal pain intensity after four weeks.

All the patients included in the study were diagnosed with either IBS-D (diarrhea) or IBS-M (mixed symptoms of constipation or diarrhea).

This study was the first randomized controlled trial to compare the Mediterranean diet to another potential diet. (Previous studies had compared the Mediterranean diet to the individuals' typical diets or were not randomized controlled trials.)

While the Mediterranean diet did provide symptom relief, the low FODMAP group experienced a greater improvement measured by both abdominal pain intensity and IBS symptom severity score.




Researchers found the results of this pilot study -- which 20 patients completed -- sufficiently encouraging to warrant future, larger controlled trials to investigate the potential of the Mediterranean diet as an effective intervention for patients with IBS.

"This study adds to a growing body of evidence which suggests that a Mediterranean diet might be a useful addition to the menu of evidence-based dietary interventions for patients with IBS," said William Chey, M.D., chief of Gastroenterology at the University of Michigan, president-elect of the American College of Gastroenterology, and senior author on the paper.

The researchers believe studies comparing long-term efficacy of the Mediterranean diet with long-term outcomes following the reintroduction and personalization phases of low FODMAP are needed.
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Singing to babies improves their mood | ScienceDaily
Singing to your infant can significantly boost the baby's mood, according to a recent Yale study published May 28 in Child Development.


						
Around the world and across cultures, singing to babies seems to come instinctively to caregivers. Now, new findings support that singing is an easy, safe, and free way to help improve the mental well-being of infants. Because improved mood in infancy is associated with a greater quality of life for both parents and babies, this in turn has benefits for the health of the entire family, the researchers say. The study also helps explain why musical behaviors may have evolved in parents.

"Singing is something that anyone can do, and most families are already doing," said Eun Cho, postdoctoral researcher at the Yale Child Study Center, and co-first author of the study. "We show that this simple practice can lead to real health benefits for babies."

"We don't always need to be focusing on expensive, complicated interventions when there are others that are just as effective and easy to adopt," added Lidya Yurdum, a PhD student in psychology at the University of Amsterdam, affiliated with the Child Study Center, and co-first author.

Increased singing improves infants' moods

The new study included 110 parents and their babies, most of whom were under the age of four months. The researchers randomly assigned the parents into two groups, encouraging one group to sing to their infants more frequently by teaching the parents new songs, providing karaoke-style instructional videos and infant-friendly songbooks, and sending weekly newsletters offering ideas for incorporating music into daily routines.

For four weeks, these parents received surveys on their smartphones at random times throughout the day. Parents answered questions related to infant mood, fussiness, time spent soothing, caregiver mood, and frequency of musical behavior. For instance, parents were asked to rate how positive or negative their baby's mood was within the last two to three hours before receiving the survey. The 56 parents in the control group also received an identical intervention in the four weeks following the initial experiment.




The researchers found that parents were successfully able to increase the amount of time they spent singing to their babies. "When you ask parents to sing more and provide them with very basic tools to help them in that journey, it's something that comes very naturally to them," said Yurdum.

Not only did the parents sing more frequently, but they also chose to use music especially in one context in particular: calming their infants when they were fussy. "We didn't say to parents, 'We think you should sing to your baby when she's fussy,' but that's what they did," said Samuel Mehr, an adjunct associate professor at the Child Study Center, and director of The Music Lab. Mehr is also the study's principal investigator. "Parents intuitively gravitate toward music as a tool for managing infants' emotions, because they quickly learn how effective singing is at calming a fussy baby."

Most surprisingly, the responses to the survey showed that increased singing led to a measurable improvement in infants' moods overall, compared to those in the control group -- in other words, parents who sang more rated their babies' moods as significantly higher. Importantly, improved mood was found in general, not just as an immediate response to music.

While singing did not significantly impact caregivers' moods in this study, Mehr believes that there could be follow-on effects on health in young families. "Every parent knows that the mood of an infant affects everyone around that infant," said Mehr. "If improvements to infant mood persist over time, they may well generalize to other health outcomes."

Follow-up study to further explore singing's benefits

The team believes that the benefits of singing may be even stronger than the current study shows. "Even before our intervention, these participating families were particularly musical," Yurdum explained. "Despite that, and despite only four weeks of the intervention, we saw benefits. That suggests that the strength of singing to your babies would likely be even stronger in a family that does not already rely on music as a way of soothing their infants."

The Child Study Center researchers are currently enrolling parents and babies under four months old in a follow-up study, "Together We Grow," which will investigate the impact of infant-directed singing over an eight-month period.




Although the researchers did not see an improvement in caregiver mood within four weeks, they are intrigued to see if singing can help alleviate stress or conditions such as postpartum depression in the long term. They are also interested in exploring whether singing might have benefits beyond mood in infants, such as improved sleep.

Previous work from The Music Lab has shown that infant-directed music is universal in humans, and that humans can even infer context of songs -- such as whether it is for dancing or a lullaby -- in foreign languages and from other cultures. For Mehr, the new findings make sense in light of these basic science results. "Our understanding of the evolutionary functions of music points to a role of music in communication," said Mehr. "Parents send babies a clear signal in their lullabies: I'm close by, I hear you, I'm looking out for you -- so things can't be all that bad."

The babies, apparently, are listening.
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Common gene variant doubles dementia risk for men | ScienceDaily
New research has found that men who carry a common genetic variant are twice as likely to develop dementia in their lifetime compared to women.


						
The research, published in Neurology, used data from the ASPirin in Reducing Events in the Elderly (ASPREE) trial to investigate whether people who had variants in the haemochromatosis (HFE) gene, which is critical for regulating iron levels in the body, might be at increased risk of dementia.

Co-author Professor John Olynyk, from the Curtin Medical School, said one in three people carry one copy of the variant, known as H63D, while one in 36 carry two copies.

"Having just one copy of this gene variant does not impact someone's health or increase their risk of dementia. However, having two copies of the variant more than doubled the risk of dementia in men, but not women," Professor Olynyk said.

"While the genetic variant itself cannot be changed, the brain pathways which it affects -- leading to the damage that causes dementia -- could potentially be treated if we understood more about it."

Professor Olynyk said further research was needed to investigate why this genetic variant increased the risk of dementia for males but not females.

"The HFE gene is routinely tested for in most Western countries including Australia when assessing people for haemochromatosis -- a disorder that causes the body to absorb too much iron. Our findings suggest that perhaps this testing could be offered to men more broadly," Professor Olynyk said.




"While the HFE gene is critical for controlling iron levels in the body, we found no direct link between iron levels in the blood and increased dementia risk in affected men.

"This points to other mechanisms at play, possibly involving the increased risk of brain injury from inflammation and cell damage in the body."

Co-author Professor Paul Lacaze, from Monash University, said the findings could help improve outcomes for people at risk of developing dementia.

"More than 400,000 Australians are currently living with dementia, with around a third of those being men. Understanding why men with the double H63D variant are at higher risk could pave the way for more personalised approaches to prevention and treatment," Professor Lacaze said.

"This study is a great example of how diverse Australian research groups and universities can collaborate effectively to learn more about these progressive diseases and ultimately improve health outcomes for people around the world."

The ASPREE trial was a double-blind, randomised, placebo-controlled trial of daily low-aspirin in 19,114 healthy older people in Australia and the USA. Primarily undertaken to evaluate the risks versus benefits of daily low-dose aspirin in this cohort, it created a treasure trove of healthy ageing data that has underpinned a wealth of research studies.

The research was a collaboration between Curtin University, Monash University, The University of Melbourne, The Royal Children's Hospital, Murdoch Children's Research Institute and Fiona Stanley Hospital.
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Innovative immunotherapy shows promise against aggressive T cell cancers | ScienceDaily
A new type of immunotherapy that targets aggressive blood cancers shows promising results alongside manageable side effects, according to the results of an international phase 1/2 clinical trial led by researchers at Washington University School of Medicine in St. Louis.


						
The clinical trial evaluated the safety and efficacy of an innovative CAR-T cell immunotherapy that is specifically designed to attack cancerous T cells. Participants in the trial had been diagnosed with rare cancers -- T cell acute lymphoblastic leukemia or T cell lymphoblastic lymphoma -- and had run out of treatment options after standard therapy proved ineffective for them. With the new immunotherapy, most of the patients in the study who received the full dose of cells achieved full remission of their cancer.

The trial's results were published May 30 in the journal Blood.

"For patients with these rare and aggressive cancers, who have no other options, this has the potential to become a transformative advance in the field," said senior author John F. DiPersio, MD, PhD, the Virginia E. & Sam J. Golman Professor of Medicine at WashU Medicine, who first developed the therapy in his lab at WashU Medicine. "The trial demonstrated a high likelihood of response to the therapy and even remission. This CAR-T cell treatment shows promise in becoming a 'bridge-to-transplant' therapy for patients who would otherwise not be eligible for stem cell transplantation, which is the only potentially curative treatment for these blood cancers."

Larger studies with more patients and longer follow-up are necessary before the researchers can determine whether this new therapy could be curative on its own.

The current trial included 28 adult and adolescent patients with T cell acute lymphoblastic leukemia and T cell lymphoblastic lymphoma that either returned after several lines of therapy or that never responded to treatment. About 1,000 people are diagnosed with these cancers annually in the U.S. If the cancer does not respond to treatment or returns after initial treatment, patients survive only six months, on average, and less than 7% are still living at the five-year mark.

The therapy, called WU-CART-007, was developed by Wugen, a WashU biotech startup company founded by DiPersio and other WashU Medicine investigators, including Matthew Cooper, PhD, who co-founded the company when he was on the WashU Medicine faculty and now serves as Wugen's chief scientific officer. The researchers worked with WashU's Office of Technology Management (OTM) to launch the company in 2018. The clinical trial was conducted in Australia, Europe and multiple sites across the U.S. For the St. Louis site, the trial was conducted at Siteman Cancer Center, based at Barnes-Jewish Hospital and WashU Medicine.




The trial design included a dose-escalation phase, which determined the recommended dose of therapeutic cells that patients would receive for the second phase of the trial. Dose escalation helps determine the largest dose of CAR-T cells that patients can receive and still have manageable side effects. Thirteen patients received the full dose of 900 million CAR-T cells after undergoing a procedure to clear the patients' own immune cells. This procedure -- called lymphodepletion -- reduces immune cells, making room for the new therapeutic T cells to establish themselves and expand in number. Two of these patients died from their cancer or treatment complications, such as infection, during the study period.

Of 11 patients who could be evaluated after treatment, the overall response rate was 91%, meaning 10 patients either showed no signs of cancer after treatment or their cancer cell burden was reduced significantly. Eight out of 11 patients (72.7%) achieved complete remission. At the study's data cut off, six who underwent a transplant remain in remission, with no evidence of disease, six to 12 months later.

"These response and remission rates -- ranging from 70%-90% of patients -- are much higher than we would expect from standard-of-care for this cancer type, which typically leads to remission in only 20%-40% of patients," said first and corresponding author Armin Ghobadi, MD, a professor of medicine and clinical director of the Center for Gene and Cellular Immunotherapy at WashU Medicine. "These responses are remarkable because the patients in this trial had run out of options. They had very aggressive cancers return after several lines of therapy, including several who relapsed after an earlier stem cell transplant."

Most patients (88.5%) experienced cytokine release syndrome as a side effect of the immunotherapy, and these cases were predominantly mild or moderate. Cytokine release syndrome is a common side effect of CAR-T cell therapy that occurs when large numbers of immune cells release chemicals that cause a full-body inflammatory response. About 19% of the patients experienced more-severe cytokine release syndrome. A small number of patients experienced rarer side effects, such as neurotoxicity syndrome and low-grade graft-versus-host disease. Adverse events were managed with additional therapies.

Off-the-shelf cell therapy

The immunotherapy evaluated in the trial is considered a "universal" CAR-T cell therapy because -- harnessing CRISPR gene editing technology -- it can be produced from cells donated by any healthy individual and used to treat any patient with a T cell cancer. In contrast, approved CAR-T cell therapies are adapted from the patient's immune cells. The cells must be collected from the patient and shipped to a manufacturing facility to be made and then shipped back, a process that typically takes three to six weeks. In contrast, universal CAR-T cell therapies can be made ahead of time, stored frozen and be readily available "off-the-shelf," greatly reducing the wait time before therapy can begin.

Using CRISPR gene editing tools, the production process deletes the T cell receptor from the donor cells, greatly reducing the risk of graft-versus-host disease, in which donor T cells attack healthy tissue. Removing another key antigen also prevents the CAR-T cells from attacking one another. The types of rare cancers in this study presented a unique challenge: the therapeutic cells and the cancer cells are both T cells, so steps must be taken to prevent the therapeutic T cells from mistaking one another for the cancer and causing CAR-T cell fratricide. All other approved CAR-T cell therapies target B cell cancers, which do not have this T cell self-targeting complication. After using CRISPR gene editing to modify the CAR-T cells to prevent these harmful side effects, the cells are further engineered to target a protein called CD7 on the surface of cancerous T cells to then destroy the cancer.

"A larger international clinical trial of this therapy is already underway," DiPersio said. "We must complete this larger trial first, but we are hopeful this universal CAR-T cell therapy can become an approved treatment for patients with deadly T cell cancers."
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Leprosy existed in America long before arrival of Europeans | ScienceDaily
Long considered a disease brought to the Americas by European colonizers, leprosy may actually have a much older history on the American continent. Scientists from the Institut Pasteur, the CNRS, and the University of Colorado (USA), in collaboration with various institutions in America and Europe, reveal that a recently identified second species of bacteria responsible for leprosy, Mycobacterium lepromatosis, has been infecting humans in the Americas for at least 1,000 years, several centuries before the Europeans arrived. These findings will be published in the journal Science on May 29, 2025.


						
Leprosy is a neglected disease, mainly caused by the bacterium Mycobacterium leprae, affecting thousands of people worldwide: approximately 200,000 new cases of leprosy are reported each year. Although M. leprae remains the primary cause, this study focused on another species, Mycobacterium lepromatosis, discovered in the United States in 2008 in a Mexican patient, and later in 2016 in red squirrels in the British Isles. Led by scientists from the Laboratory of Microbial Paleogenomics at the Institut Pasteur, also associated with the CNRS, and the University of Colorado, in collaboration with Indigenous communities and over 40 scientists from international institutions including archaeologists, this study analyzed DNA from nearly 800 samples, including ancient human remains (from archaeological excavations) and recent clinical cases presenting symptoms of leprosy. The results confirm that M. lepromatosis was already widespread in North and South America long before European colonization and provide insights into the current genetic diversity of pathogenic Mycobacteria.

"This discovery transforms our understanding of the history of leprosy in America," said Dr. Maria Lopopolo, the first author of the study and researcher at the Laboratory of Microbial Paleogenomics at the Institut Pasteur. "It shows that a form of the disease was already endemic among Indigenous populations well before the Europeans arrived."

The team used advanced genetic techniques to reconstruct the genomes of M. lepromatosis from ancient individuals found in Canada and Argentina. Despite the geographic distance of several thousand kilometers, these ancient strains dating from similar periods (approximately 1,000 years ago) were found to be surprisingly genetically close. Although they belong to two distinct branches in the evolutionary tree of the genus Mycobacterium, these branches are genetically closer to each other than to any other known branch. This genetic proximity, combined with their geographical distance, necessarily implies a rapid spread of the pathogen across the continent, likely within just a few centuries.

The scientists also identified several new lineages, including an ancestral branch that despite having diverged from the rest of the known species' diversity over 9,000 years ago, it continues to infect humans today in North America -- a discovery suggesting an ancient and long-lasting diversification on the continent, as well as a largely unexplored diversity that likely remains to be found.

Notably, the analyses also suggest that the strains found in red squirrels in the UK in 2016 are part of an American lineage that was introduced to the British Isles in the 19th century, where it subsequently spread. This discovery highlights the recent ability of the pathogen to cross continents, likely through human or commercial exchanges.

"We are just beginning to uncover the diversity and global movements of this recently identified pathogen. The study allows us to hypothesize that there might be unknown animal reservoirs," said Nicolas Rascovan, the lead author of the study and head of the Laboratory of Microbial Paleogenomics at the Institut Pasteur. "This study clearly illustrates how ancient and modern DNA can rewrite the history of a human pathogen and help us better understand the epidemiology of contemporary infectious diseases."

The project was conducted in close collaboration with Indigenous communities, which were involved in decisions regarding the use of ancestral remains and the interpretation of results. Ancient DNA and remaining materials were returned when requested, and the generated data was shared via ethical and adaptable platforms designed to allow data sharing that meets the specific expectations of Indigenous communities.
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Does outdoor air pollution affect indoor air quality? It could depend on buildings' HVAC | ScienceDaily
We typically spend 80% of our time indoors, where the quality of the air we breathe depends on the age and type of building we occupy, as well as indoor pollution and outdoor pollution sources. But also playing an important role is the kind of HVAC system used to heat, ventilate and cool the building, according to new research from the University of Utah.


						
Using the Salt Lake City campus as a living laboratory, the College of Engineering teamed up with Facilities Management and occupational and environmental health researchers to explore whether and how outdoor air pollution affects indoor air quality. They found that indoor air quality on campus was generally good. However, depending on a building's HVAC system, fine particulate pollution, or PM2.5, from wildfire smoke can infiltrate buildings, while pollution associated with dust events and winter inversions is kept out.

The study found the issue lies with commercial HVAC systems that use air-side economizers. Using special duct and damper arrangements, this technology reduces energy use by drawing air from outdoors when temperature and humidity levels are optimal, such as cool summer and fall mornings. This helps with energy efficiency, but if the air is smoky that day, the system could pull in particulate pollution and some particles make it past the filters, according to chemical engineering professor Kerry Kelly, who is overseeing the research.

Campus as laboratory

"Our buildings are big and they're complicated, and oftentimes they've been added onto and integrated with different kinds of systems," Kelly said. "So I think the management is challenging, but the good thing is it is a very solvable problem. Even simple solutions like portable air filters do a great job."

The ongoing project deployed low-cost wirelessly connected sensors in 17 indoor and two outdoor locations in an effort to characterize what happens with indoor air quality when particulate pollution is elevated during dust storms, winter inversions and wildfire season -- which present different kinds of PM2.5 and occur at different times of the year.

"We look at the ratio of the indoor particulate matter measurements to that of the outdoor particulate matter measurements. The closer that value gets to one, which means more of the particulate matter is going to be sourced from outdoors versus indoor sources," said study leader Tristalee Mangin, a graduate student in chemical engineering. "We looked at those ratios and then did analyses based on the different groupings of HVAC types."

How smoke differs from dust and inversions




Wildfire smoke had four to five times more PM2.5 infiltration into buildings than pollution from inversions and wind-driven dust events. However, exceedances of international health guidelines only occurred in buildings ventilated with air-side economizers and were still very rare.

The team used small devices designed by Pierre-Emmanuel Gaillardon, professor of electrical and computer engineering, and commercialized through a U startup called TELLUS. The cost per device was just $450, far less than what compliance-grade equipment would cost. They were installed on walls at breathing height in a variety of buildings spread mostly around the main campus.

According to their findings, outdoor pollution arising from wind-blown dust and inversions did not have much effect on indoor air quality, regardless of the HVAC system. This is likely the result of the nature of the PM2.5 associated with those pollution events.

Dust particles are typically larger and heavier than smoke particles, so they tend to fall out of the air and get caught in filters. Inversion particles are a more complicated story.

"It has to do with the thermodynamics of the particles that are in the inversion. Utah's particulate matter is primarily ammonium nitrate, like 60% of our particles," Kelly said. "At indoor temperatures and relative humidities, those particles turn into a gas phase. During an inversion, most of the stuff that's a particle outside is not a particle when it gets inside. It kind of disappears."

Research continues to find solutions

This paper is based on an 18-month study window that ended in April 2024, but the research is ongoing and the monitors remain active and visible. A statement about the research and how it's funded by a Seed2Soil and SCIF grants is posted next to the devices.




Besides shedding light on HVAC systems' strengths and weaknesses for keeping out pollution, the findings are expected to help campus building managers craft operational adjustments to maintain good indoor air quality, particularly during wildfire season. However, the campus's approximately 18 million square feet of building space exhibits great variety that defies a uniform approach, according to co-author Sean Nielson, an engineer with Facilities Management's Sustainability and Energy group.

"Every building and system has unique features," Nielson said. "Looking at buildings and systems individually is something we're going to consider in the future and see what we can do to modify that system."

It will not be a simple matter of just closing dampers on smoky days, but rather adjusting them based on the specific needs of particular buildings.

"You still have code minimum requirements for a certain amount of outside air that must be provided," Nielson said. "A primary reason for outside air is to dilute and flush out indoor contaminants. Finding the ideal balance between outside air and recirculated inside air is difficult due to the high number of variables. Applying higher-rated MERV air filtration is one tool that often works to improve air quality for many applications, but there are limitations as to what contaminants can effectively be filtered and how they can practically be applied to existing equipment.
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Sustained in the brain: How lasting emotions arise from brief stimuli, in humans and mice | ScienceDaily
We don't always understand our emotions, but we couldn't lead normal lives without them. They steer us through life, guiding the decisions we make and the actions we take. But if they're inappropriate or stick around for too long, they can cause trouble.


						
Neuroscientists and psychiatrists, despite their best efforts, don't understand nearly enough about the brain activity underlying our emotions, how they make us tick and how they can make us sick.

Now, in a study scheduled to publish May 29 in Science, Stanford Medicine investigators have mapped the brainwide neuronal processing that underlies the emotional response triggered by a mildly unpleasant sensory experience. Features of this brain activity turn out to be shared by humans and mice -- and, by extension, every mammal in between. (Perhaps your pet has already explained this to you.)

The findings could help unveil some of the driving forces behind numerous neuropsychiatric disorders, which are characterized in large part by troublesome emotional manifestations.

"Emotional states are fundamental to psychiatry," said Karl Deisseroth, MD, PhD, professor of bioengineering and of psychiatry and behavioral sciences, who led a collaborative team effort spanning Stanford Medicine's hospital and laboratory facilities. Sharing senior co-authorship of the study with Deisseroth are Carolyn Rodriguez, MD, PhD, professor of psychiatry and behavioral sciences; Vivek Buch, MD, assistant professor of neurosurgery; and Paul Nuyujukian, MD, PhD, assistant professor of bioengineering and of neurosurgery. The lead co-authors of the study are postdoctoral scholars Isaac Kauvar, PhD, and Ethan Richman, PhD, and MD/PhD student Tony Liu.

The study was a project of Stanford Medicine's Human Neural Circuitry research program, a multidisciplinary collaboration founded and led by Deisseroth, designed to understand the principles underlying the inner workings of the human brain in health and disease. The HNC program develops and brings together, in an inpatient medical setting, state-of-the-art methods for synchronous and ultraprecise measurement and perturbation of both human behavior and brain activity.

In this study, Deisseroth and his colleagues focused primarily on responses to negative sensory experiences. But he suspects that the brainwide activity pattern his team observed also generalizes to positive experiences. (His group is exploring those, too.)

Pulling it all together




"The mammalian lineage has made a huge evolutionary commitment to large brain size, with all its attendant costs and benefits," said Deisseroth, who is the D. H. Chen Professor and a Howard Hughes Medical Institute investigator. Even a mouse's brain (which is large compared with same-sized non-mammals) contains nearly 100 million neurons; a human brain, almost 90 billion -- about 1,000 times as many.

"A bigger brain means a richer, more complex mental life," Deisseroth said. "But there are real constraints once you scale up. The human brain is so big, it takes some time for those rich and complex signals to fully propagate throughout the brain, converge and be properly integrated. Yet, to make accurate decisions, your brain has to pull together your multiple streams of sensory data, your goals, your position in space, your physiological needs and more -- all at the same time. If that doesn't happen, wrong decisions will be made and wrong actions taken."

Emotions may represent states that integrate a great deal of information to guide lasting patterns of behavior, but may need a window of time with persistent communication among widely separated brain structures to accomplish that integration, Deisseroth said.

"Tuning the time scale of this communication could be an important aspect of typical brain function," Richman added. "This would be akin to the action of a piano's sustain pedal, which extends the duration of briefly played notes." Either overly shortened or overly prolonged stability of such brainwide communication patterns could contribute to neuropsychiatric disorders characterized by emotional dysfunction.

What might those emotion-enabling patterns of activity be? Because human brain activity is so complex, figuring out which observed signals are the important ones is a challenge.

Deisseroth is renowned for developing optogenetics, a sophisticated and now widespread method using a targeted light-activated protein together with pulses of light to induce select nerve cells, or groups of them, to fire or go silent at the flip of a switch. But the new study (relying on briefly hospitalized human patients) did not use optogenetics at all.




Instead, the Stanford team used a clever evolutionary trick. To determine how emotion emerges in response to experience, the researchers carried out brainwide screens of neural activity in both mice and humans -- two species that emerged from the same ancestor some 70 million years ago -- to search for activity patterns present in both species that could be induced by the same emotion-generating stimulus, measurable in the same way, synchronized with the same high-speed behaviors and blocked by the same interventions.

"This approach allowed us to focus our study on the key principles that were shared between mice and humans," Kauvar said.

If, over that vast amount of evolutionary time, a particular brain-activity pattern (ultimately determined by genes governing brain structure and function) doesn't help survival and reproduction, it will be lost, Deisseroth said, while "if a brain dynamical principle is conserved over that time, you'd better believe it could be important."

Puff, blink, squint

First the reflex, then the emotional response: You burn your hand on a stove, reflexively pull it away, then feel the pain spreading and curse. The sound of a gunshot -- or a similar noise -- on a dark street in a strange neighborhood late at night elicits a reflexive ducking response, then a sense of fear and caution.

Examples of emotion emerging from an unpleasant sensory input are too numerous to list. But those instances are typically tough to measure and often both difficult and dangerous to stage. For experiments, the triggering stimulus needs to be safe, reproducible and easy to deliver -- and, in this case, applicable to mice and people.

For this study, the method of choice was a tool employed in every eye doctor's office. Deisseroth's team took advantage of the device an ophthalmologist uses to deliver little puffs of air to check the pressure in their patients' eyes. While not a painful experience, it certainly can be a touch unpleasant. Here, employing this aversive but medically safe stimulus permitted precision in timing, duration and intensity of the stimulus. The researchers knew exactly when each puff started and when it stopped -- critical for tracking each subject's brainwide response to it.

The scientists administered multiple series of precisely timed "eye puffs" to participants, who, asked how they felt about the puffs, described them as "annoying," "unpleasant" and "uncomfortable," though certainly not painful. Repeated rapid-fire eye puffs produced an increasing feeling of annoyance that outlasted the eye puff series.

That bummed-out state of mind can be adaptive, Deisseroth noted. "Any repeated series of negative events is important to the brain, to be considered in guiding future behavior."

To record brainwide activity at high resolution, Deisseroth and his associates recruited a cohort of patients at Stanford Hospital who, because they were experiencing frequent seizures that were inadequately responsive to medications, had had electrodes surgically inserted deep into their brains so that teams of neurologists and neurosurgeons, to achieve more targeted treatment, could locate each patient's unique focus -- the hyperexcitable point of origin from which seizures would spread across otherwise healthy brain tissue.

While all those electrodes had been implanted in patients' brains for purely clinical reasons, it provided a serendipitous avenue for experiments that would otherwise be difficult or impossible to perform.

"These patients typically spend about a week in a hospital bed with limited mobility, during recording from these implanted intracranial electrodes, while the treatment team waits for spontaneous seizures to occur," Liu said. During this long stretch of time, these patients were more than willing to volunteer for and participate in the investigators' innovative study.

Subjects' visible responses to randomly timed eye puffs were found to be quite consistent. Immediately in response to each puff, the subjects briefly blinked reflexively. In the seconds following each puff, subjects also exhibited additional eye squinting or rapid additional blinks. This additional post-puff eye closure was a natural response to an unpleasant stimulus (since they could not predict the timing of the next puff). It was also precisely quantifiable, offering insight into emotion-triggered behaviors immediately following a sensory stimulus.

All the while, the experimenters tracked subjects' brainwide activity. They picked up a distinctive two-phase pattern: In the first roughly 200 milliseconds after the eye puff they observed a strong but short-lived spike of activity broadcasting "news" of the eye puff throughout the brain. This was followed over the next 700 milliseconds or so by a separate, longer-lasting phase of puff-triggered brain activity more specifically localized to a subset of specific circuits across the brain associated with emotion. This pattern -- which, Deisseroth noted, was discoverable thanks to the simultaneous electrical recording and behavioral technology of the team -- displayed the interesting property of yielding an extended window of time for brainwide communication, which could be related to emotion.

Since the core idea of the study was to search for shared principles among humans and mice, the scientists carried out the same experiment in parallel in mice. Remarkably, the team observed a very similar two-phase pattern of brain activity in mice. Moreover, delivering a series of eight eye puffs in rapid succession to mice induced accumulating second-phase brain activity and put the mice into a generalized negative emotional state, as further evidenced by their persistently reduced willingness to engage in reward-seeking behavior. (Such persistence and generalizability are classic hallmarks of emotion.)

Gone with the squint

The researchers then used a medication, chosen to be suitable for use in both humans and mice, to further test for the importance of this persistent activity pattern. Ketamine, widely used at high doses in anesthesia, is FDA-approved at lower doses as an antidepressant. Even at these lower doses, ketamine is known to cause a phenomenon called dissociation, in which typical emotional responses to stimuli are reduced or absent.

"Ketamine recipients are fully aware of sensory experience, but they often don't have typical emotions about that experience, even if the sensation would normally be unpleasant," Deisseroth said. "It's as if it's happening to someone or something else." This dissociative effect of ketamine wears off within an hour or so, he said.

After carefully setting up their research protocol so they could safely administer a single dose of ketamine to electrode-implanted human subjects in the hospital, and with fully informed consent, the scientists found that indeed the negative emotion caused by the repeated puffs of air (as described by the patients) was greatly inhibited.

An important part of the clinical study was the ability to directly ask participants about their experiences, Liu said.

"The air puff . . . felt entertaining," one participant said. "It felt like little whispers on my eyeballs," said another.

Consistent with this loss of their subjective sense of annoyance, the human subjects also did not show self-protective behavior -- they kept their eyes open between puffs even though they were fully aware of the puffs and continued to have robust reflexive blinks. Remarkably, the same selective effect on behavior (preserving the reflexive blink while blocking self-protection with prolonged eye closure) was observed in the mice.

The team carried out a final set of definitive measurements to test their core hypothesis. If the persistent second phase of brain activity were important in the emotional response, this slower phase would be predicted to be selectively reduced by ketamine in both species, thereby effectively speeding up the brain's response. In humans and mice alike, the team found that the initial fast burst of brainwide activity was completely unaffected by ketamine. But when the scientists measured the speed at which the slower, second phase of post-eye-puff brain activity subsided, they found that ketamine sped up this decay, effectively sharpening the brain's response and restricting the puff-induced activity to a brief window of time (analogous to releasing a piano's sustain pedal to terminate the note).

"This all points to that persistent second phase of brain activity as being strongly linked to emotional state," Kauvar said.

If speeding-up of brain activity prevents formation of emotional states, this acceleration due to ketamine should also be detectable even in the eye puff's absence. As predicted, the team found that the "intrinsic time scale" -- a measure of the time over which brain-activity patterns were correlated -- was accelerated by ketamine even without the eye puff. In both species, intrinsic time scale rapidly recovered to its normal duration after the ketamine wore off.

Finally, the team found that ketamine also reversibly reduced synchrony across the brain in both species. "Dissociative medication may render the stabilizing phase of brain activity so ephemeral that information can't be properly integrated across the brain, including to build an emotional state," Deisseroth said.

A science of emotion based on timing?

These tunable, measurable timing properties, when pushed beyond a typical range -- either in the slowed or sped-up direction -- could offer clues about categorizing, quantifying and perhaps even treating neuropsychiatric disorders.

"Far too-brisk decay of that integrative brain activity (as ketamine causes) could generally prevent coordination of information flowing in from diverse regions of the brain," Deisseroth said. This could give rise to a situation in which the right hand quite literally doesn't know what the left hand is doing. "People with schizophrenia report perceptions of alien, as opposed to self-generated, control over their actions," Deisseroth said.

On the other hand, if a brain disorder causes the second wave of brain activity to decay too slowly or to accumulate excessive strength (perhaps due to differences in brain wiring or gene expression, or even related to personal experiences), this could result in hyperstabilized brain states and, consequently, persistent or untimely emotions or intrusive thoughts like those experienced by people with post-traumatic stress disorder, obsessive-compulsive disorder, depression or eating disorders. Different symptoms (and different disorders) would be expected to arise depending on the specific circuits representing this altered persistence.

Distinct from emotion in health and disease, this same quality of signal persistence could powerfully influence the fundamental speed of information processing, another property that varies substantially in the human population. "People with autism spectrum disorder are often known to have trouble keeping up with high-speed bursts of information, an ability required for language and social-information processing," Deisseroth said. Could a hyperstabilized brain state be responsible for difficulty in following rapidly changing input?

"These are fascinating possibilities, which we are now exploring," Deisseroth said. "It's amazing what an unbiased brainwide screen can reveal, especially with the right technology and across millions of years of evolution."

Stanford University's Office of Technology Licensing has filed a patent for intellectual property associated with the study.

Researchers from the Veterans Affairs Palo Alto Health Care System and Weill Cornell Medicine contributed to the work.

The study was funded by National Institutes of Health (grants P50DA042012, R01MH105461, R01MH133553 and R01NS095985), the AE Foundation and anonymous donors.
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Evolution of a single gene allowed the plague to adapt, survive and kill much of humanity over many centuries | ScienceDaily
Scientists have documented the way a single gene in the bacterium that causes bubonic plague, Yersinia pestis, allowed it to survive hundreds of years by adjusting its virulence and the length of time it took to kill its victims, but these forms of plague ultimately died out.


						
A study by researchers at McMaster University and France's Institut Pasteur, published today in the journal Science, addresses some fundamental questions related to pandemics: how do they enter human populations, cause immense sickness, and evolve different levels of virulence to persist in populations?

The Black Death remains the single deadliest pandemic in recorded human history, killing an estimated 30 to 50 per cent of the populations of Europe, Western Asia and Africa as it moved through those regions. Appearing in the 14th century, it re-emerged in waves over more than 500 years, persisting until 1840.

The Black Death was caused by the same bacteria which caused Plague of Justinian, the first plague pandemic which had broken out in the mid-500s. The third plague pandemic began in China in 1855 and continues today. Its deadly effects are now more controlled by antibiotics but are still felt in regions like Madagascar and the Democratic Republic of Congo, where cases are regularly reported.

"This is one of the first research studies to directly examine changes in an ancient pathogen, one we still see today, in an attempt to understand what drives the virulence, persistence and/or eventual extinction of pandemics," says Hendrik Poinar, co-senior author of the study, director of the McMaster Ancient DNA Centre and holder of the Michael G. DeGroote Chair in Genetic Anthropology.

Strains of the Justinian plague became extinct after 300 years of ravaging European and Middle Eastern populations. Strains of the second pandemic emerged from infected rodent populations, causing the Black Death, before breaking into two major lineages. One of these two lineages is the ancestor of all present-day strains. The other re-emerged over centuries in Europe and ultimately went extinct by the early 19th century.

Using hundreds of samples from ancient and modern plague victims, the team screened for a gene known as pla, a high copy component of Y. pestis which helps it move through the immune system undetected to the lymph nodes before spreading to the rest of the body.




An extensive genetic analysis revealed that its copy number, or total number of pla genes found in the bacterium, had decreased in later outbreaks of the disease, which in turn decreased its mortality by 20 per cent and increased the length of its infection, meaning the hosts lived longer before they died. These studies were performed in mice models of bubonic plague.

Conversely, when the pla gene was in its original, high copy number, the disease was much more virulent and killed each of its hosts and did so much quicker.

The scientists also identified a striking similarity between the trajectories of modern and ancient strains, which independently evolved similar reductions in pla in the later stages of the first and second pandemic, and so far, in three samples from the third pandemic, found in Vietnam today.

In both the Justinian and Black Death plagues, the evolutionary change occurred approximately 100 years after the first outbreaks. Scientists propose that when the gene copy number dropped and the infected rats lived longer, they could spread infection farther, ensuring the reproductive success of the pathogen.

"The reduction of pla may reflect the changing size and density of rodent and human populations," explains Poinar. "It's important to remember that plague was an epidemic of rats, which were the drivers of epidemics and pandemics. Humans were accidental victims."

Black rats in cities likely acted as "amplification hosts" due to their high numbers and proximity to humans. Because black rats are highly susceptible to Y. pestis, the pathogen needed rat populations to stay high enough to supply new hosts for Y. pestis to persist and allow the pandemic cycle to continue.




However, the pla-reduced strains eventually went extinct, likely reflecting another shift in the host-pathogen relationship within their environment.

When the researchers searched for signs of depletion in a large set of samples of the third pandemic preserved in a collection at the Institut Pasteur, they found three contemporary strains with pla depletion.

"Thanks to our international collaborators who monitor local epidemics of plague worldwide, we were able to find the unique bacterial samples used for this project, akin to finding of three rare needles in a haystack," says Javier Pizarro-Cerda, co-senior author of the work, director of the Yersinia Research Unit and of the WHO Collaborating Centre for Plague at the Institut Pasteur.

The institute houses one of the world's richest collections of modern Y. pestis isolates, adds Guillem Mas Fiol, co-lead author of the study and Postdoctoral researcher supervised by Pizarro-Cerda.

"One of the most interesting aspects of our research was the possibility to explore a feature first observed in extinct plague strains, that could, for the first time, be experimentally tested in living contemporary bacterial strains," he says.

"Although our research sheds light on an interesting pattern in the evolutionary history of plague, the majority of strains which continue to circulate today in Africa, South America and India are the more virulent ones, the ones that were previously responsible for massive mortality," says Ravneet Sidhu, co-lead author of the study, and PhD candidate at the McMaster Ancient DNA Centre.
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Cellular scaffolding secrets unlocked: Scientists discover key to microtubule growth | ScienceDaily

Microtubules are the unsung heroes within our cells, providing structural support and generating dynamic forces that push and pull, crucial for processes like cell division. These tiny filaments constantly assemble and disassemble by adding or removing tubulin building blocks at the filament ends. However, the precise rules dictating whether a microtubule grows or shrinks have long remained a mystery due to the complexity and miniature size of their ends.

Now, this collaborative research team has cracked part of the code. By harnessing the power of advanced computer simulations coupled with innovative imaging techniques, they have discovered that the crucial factor determining a microtubule's fate -- whether it elongates or shortens -- lies in the ability of tubulin proteins at its ends to connect with each other sideways.

Dr Vladimir Volkov, co-lead author from Queen Mary University of London, explained the significance of their findings: "Understanding how microtubules grow and shorten is very important -- this mechanism underlies division and motility of all our cells. Our results will inform future biomedical research, particularly in areas related to cell growth and cancer."

He adds: "The UK's vibrant research ecosystem encourages collaborations that go beyond traditional disciplinary boundaries. Our work demonstrates how integrating computational modelling with cell biology can lead to groundbreaking insights into the fundamental mechanisms of life."

Dr Maxim Igaev, co-lead author from the University of Dundee, highlighted the power of their interdisciplinary approach: "Bridging physics and biology has allowed us to address this complex biological question from a fresh perspective. This synergy not only enriches both fields but also paves the way for discoveries that neither discipline could achieve in isolation."

He continues: "This study exemplifies the power of interdisciplinary research, where understanding the fundamental physical principles helps to uncover complex biological processes. Collaborating across disciplines not only advances our understanding of cellular structures like microtubules but also fosters innovation at the intersection of biology and physics."

This exciting research not only deepens our understanding of fundamental cellular processes but also opens potential new avenues for biomedical research, particularly in areas concerning cell proliferation and the development of treatments for diseases like cancer.
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Mindfulness and brain stimulation could reduce bladder leaks | ScienceDaily
Arriving home after a long day may be a relief, but for some people, seeing their front door or inserting a key into the lock triggers a powerful urge to pee. Known as "latchkey incontinence," this phenomenon is the subject of a new study by researchers at the University of Pittsburgh who found that mindfulness training and/or non-invasive brain stimulation could reduce bladder leaks and feelings of urgency evoked by these cues.


						
The findings of the pilot study, the first evaluation of brain-based therapies for urinary incontinence, are published in the latest issue of the journal Continence.

"Incontinence is a massive deal," said senior author Becky Clarkson, Ph.D., research assistant professor in the Pitt School of Medicine Division of Geriatrics and co-director of the Continence Research Center. "Bladder leaks can be really traumatizing. People often feel like they can't go out and socialize or exercise because they're worried about having an accident. Especially for older adults, this feeds into social isolation, depression and functional decline. Our research aims to empower people with tools to get back their quality of life."

Latchkey incontinence, or situational urgency urinary incontinence, is bladder leakage triggered by specific environments or scenarios. Common cues include one's front or garage door, running water, getting into a car or walking past public restrooms.

According to lead author Cynthia Conklin, Ph.D., associate professor in the Pitt Department of Psychiatry, latchkey incontinence is a type of Pavlovian conditioning. Like Pavlov's dogs, which salivated upon hearing a bell that they associated with food, years of going to the bathroom immediately upon entering the house can condition one to feel strong bladder urgency when seeing the front door.

In a previous study, Clarkson and Conklin showed participants pictures of their own front doors or other triggers versus "safe" images of things that did not evoke urgency while they had an MRI of their brain. A part of the brain called the dorsolateral prefrontal cortex was more active when participants viewed urgency-related images.

"The prefrontal cortex is the seat of cognitive control," said Clarkson. "It's the executive function center of the bladder, the bit that is telling you, 'Okay, it's time to go. You should find somewhere to go.'"

The researchers hypothesized that activating this part of the brain during exposure to urgency cues -- through mindfulness and/or stimulation of the brain via a non-invasive technique called transcranial direct current stimulation (tDCS) -- could improve participants' ability to regulate responses to these cues and control urgency and leakage.




They recruited 61 women aged over 40 who reported regular situationally triggered bladder leaks and randomly assigned them to one of three groups: Participants either listened to a 20-minute mindfulness exercise, received tDCS or both while viewing personal trigger photos.

The mindfulness exercise, developed by coauthor Carol Greco, Ph.D., associate professor of psychiatry and physical therapy at Pitt, was like a typical body scan practice that instructs participants to move through their body, bringing attention to each part in turn. But unlike most body scans, it included specific acknowledgment of bladder sensation.

After completing four in-office sessions over five to six days, participants in all three groups experienced reduced urgency when they viewed trigger cues. Women in all three groups also reported an improvement in the number of urgency episodes and leaks after completing the sessions.

Although this pilot study did not have a control group -- a group that did not receive any treatment -- for comparison, the researchers say that the magnitude of improvement from tDCS and mindfulness was similar to what other research has reported for interventions such as medications and pelvic floor therapy.

"Although we need to do more research, these results are really encouraging because they suggest that a behavioral tool like mindfulness can be an alternative or additional way to improve symptoms," said Conklin. "Balancing multiple prescriptions is a big issue among older adults, and a lot of people are reluctant to take another medication, so I think that's one of the reasons that we saw such high acceptability of non-pharmacologic interventions in this study."

More than 90% of recruited participants completed the study.




"Participants loved it," said Clarkson. "Almost everyone who started the study finished it, even though coming into the office four days within one week was quite a big commitment. We got really great feedback, and a lot of women told us that they continue to use the mindfulness exercise in their daily lives."

"For the first time in 20 years of doing research, we got thank you cards!" added Conklin. "I think that incontinence is such a taboo subject, and a lot of people find it difficult to talk about, so they often don't even realize that there are treatments out there. But you don't have to suffer in silence."

Now, the researchers are planning to explore whether the mindfulness component of the study could be helpful in independent living facilities to reach a wide range of older adults. They also hope to eventually develop an app-based tool to allow people to access the techniques at home on their smartphones.

Other authors on the study were Brian Coffman, Ph.D., and Shachi Tyagi, M.D., M.S., both of Pitt.

This research was supported by the National Institute on Aging (R21 AG064361).
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        Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict
        Astronomers have revealed new research showing that millions of new solar system objects are likely to be detected by a brand-new facility, which is expected to come online later this year.

      

      
        Collaboration can unlock Australia's energy transition without sacrificing natural capital
        New research demonstrates that with collaboration between stakeholders, Australia can fully decarbonize its domestic and energy export economies by 2060 -- a feat requiring $6.2 trillion USD and around 110,000 square kilomters of land -- while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

      

      
        Guardrails, education urged to protect adolescent AI users
        The effects of artificial intelligence on adolescents are nuanced and complex, according to a new report that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.

      

      
        Molecular link between air pollution and pregnancy risks
        A new study found exposure to specific tiny particles in air pollution during pregnancy are associated with increased risk of various negative birth outcomes.

      

      
        Atmospheric chemistry keeps pollutants in the air
        A new study details processes that keep pollutants aloft despite a drop in emissions.

      

      
        New mRNA vaccine is more effective and less costly to develop
        A new type of mRNA vaccine is more scalable and adaptable to continuously evolving viruses such as SARS-CoV-2 and H5N1, according to a new study.

      

      
        Black holes could act as natural supercolliders -- and help uncover dark matter
        Supermassive black holes might naturally replicate the colossal energies of man-made particle colliders possibly even revealing dark matter offering a cosmic shortcut to discoveries that would otherwise take decades and billions to pursue.

      

      
        Particles energized by magnetic reconnection in the nascent solar wind
        Scientists have identified a new source of energetic particles near the Sun. These definitive observations were made by instruments aboard NASA's Parker Solar Probe, which detected the powerful phenomena as the spacecraft dipped in and out of the solar corona.

      

      
        Researchers develop recyclable, healable electronics
        Electronics often get thrown away after use because recycling them requires extensive work for little payoff. Researchers have now found a way to change the game.

      

      
        Ultra-thin lenses that make infrared light visible
        Physicists have developed a lens with 'magic' properties. Ultra-thin, it can transform infrared light into visible light by halving the wavelength of incident light.

      

      
        Webb reveals the origin of the ultra-hot exoplanet WASP-121b
        Tracing the origin of an ultra-hot exoplanet: The chemical composition of WASP-121b suggests that it formed in a cool zone of its natal disc, comparable to the region of gas and ice giants in our Solar System. Methane indicates unexpected atmospheric dynamics: Despite extreme heat, methane was detected on the nightside -- a finding that can be explained by strong vertical atmospheric circulation. First detection of silicon monoxide in a planetary atmosphere: Measurements of this refractory gas al...

      

      
        Attachment theory: A new lens for understanding human-AI relationships
        Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.

      

      
        Self-powered artificial synapse mimics human color vision
        Despite advances in machine vision, processing visual data requires substantial computing resources and energy, limiting deployment in edge devices. Now, researchers from Japan have developed a self-powered artificial synapse that distinguishes colors with high resolution across the visible spectrum, approaching human eye capabilities. The device, which integrates dye-sensitized solar cells, generates its electricity and can perform complex logic operations without additional circuitry, paving th...

      

      
        Synthetic compound shows promise against multidrug resistance
        Researchers have synthesized a new compound called infuzide that shows activity against resistant strains of pathogens.

      

      
        Researchers recreate ancient Egyptian blues
        Researchers have recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.

      

      
        Discovery could boost solid-state battery performance
        Researchers have discovered that the mixing of small particles between two solid electrolytes can generate an effect called a 'space charge layer,' an accumulation of electric charge at the interface between the two materials. The finding could aid the development of batteries with solid electrolytes, called solid-state batteries, for applications including mobile devices and electric vehicles.

      

      
        New laser smaller than a penny can measure objects at ultrafast rates
        Researchers have engineered a laser device smaller than a penny that they say could power everything from the LiDAR systems used in self-driving vehicles to gravitational wave detection, one of the most delicate experiments in existence to observe and understand our universe.

      

      
        Insect protein blocks bacterial infection
        Scientists have reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface. A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.

      

      
        Research shows how solar arrays can aid grasslands during drought
        New research shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.

      

      
        Engineers develop self-healing muscle for robots
        Students recently unveiled their invention of a robotic actuator -- the 'muscle' that converts energy into a robot's physical movement -- that has the ability to detect punctures or pressure, heal the injury and repair its damage-detecting 'skin.'

      

      
        Single-atom catalysts change spin state when boosted by a magnetic field
        Researchers proposed a novel strategy for using a magnetic field to boost the efficiency of single-atom catalysts -- thus speeding up helpful reactions used for ammonia production and wastewater treatment.

      

      
        Scientists discover new evidence of intermediate-mass black holes
        A series of studies sheds light on the origins and characteristics of intermediate-mass black holes.

      

      
        Predicting underwater landslides before they strike
        A new method for predicting underwater landslides may improve the resilience of offshore facilities.

      

      
        Listening to electrons talk
        Researchers present new experimental and theoretical results for the bound electron g-factor in lithium-like tin which has a much higher nuclear charge than any previous measurement. The experimental accuracy reached a level of 0.5 parts per billion. Using an enhanced interelectronic QED method, the theoretical prediction for the g-factor reached a precision of 6 parts per billion.

      

      
        Does outdoor air pollution affect indoor air quality? It could depend on buildings' HVAC
        Researchers determined how much outdoor particulate pollution affects indoor air quality. Their study concluded pollution from inversion and dust events is kept out of buildings, but wildfire smoke can sneak inside if efficient 'air-side economizers' are in use.

      

      
        New quantum visualization technique to identify materials for next generation quantum computing
        Scientists have developed a powerful new tool for finding the next generation of materials needed for large-scale, fault-tolerant quantum computing. The significant breakthrough means that, for the first time, researchers have found a way to determine once and for all whether a material can effectively be used in certain quantum computing microchips.
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Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict | ScienceDaily
A group of astronomers from across the globe, including a team from the University of Washington and led by Queen's University Belfast, have revealed new research showing that millions of new solar system objects will be detected by a brand-new facility, which is expected to come online later this year.


						
The NSF-DOE Vera C. Rubin Observatory is set to revolutionize our knowledge of the solar system's "small bodies" -- asteroids, comets and other minor planets.

The Rubin Observatory, under construction on the Cerro Pachon ridge in northern Chile, features the 8.4-meter Simonyi Survey Telescope with a unique three-mirror design capable of surveying the entire visible sky every few nights. At its heart is the world's largest digital camera -- the 3.2 gigapixel Legacy Survey of Space and Time (LSST) Camera -- covering a 9.6 square-degree field of view with six filters, roughly 45 times the area of the full moon. Together, this "wide-fast-deep" system will generate 20 terabytes of data every night -- creating an unprecedented time-lapse "movie" of the cosmos over the next 10 years, and an incredibly powerful dataset with which to map the solar system.

The team of astronomers, led by Queen's University's Meg Schwamb, created Sorcha, an innovative new open-source software used to predict what discoveries are likely to be made. Sorcha is the first end-to-end simulator that ingests Rubin's planned observing schedule. It applies assumptions on how Rubin Observatory sees and detects astronomical sources in its images with the best model of what the solar system and its small body reservoirs look like today.

"Accurate simulation software like Sorcha is critical," said Schwamb, a reader in the School of Mathematics and Physics at Queen's University. "It tells us what Rubin will discover and lets us know how to interpret it. Our knowledge of what objects fill Earth's solar system is about to expand exponentially and rapidly."

In addition to the eight major planets, the solar system is home to a vast population of small bodies that formed alongside the planets more than 4.5 billion years ago. Many of these smaller bodies remain essentially unchanged since the solar system's birth, acting as a fossil record of its earliest days. By studying their orbits, sizes and compositions, astronomers can reconstruct how planets formed, migrated and evolved.

These objects -- numbering in the tens of millions -- -- provide a powerful window into processes such as the delivery of water and organic material to Earth, the reshaping of planetary orbits by giant planets and the ongoing risk posed by those whose paths bring them near our planet.




In addition to Queen's University and the UW, the international team includes researchers from the Center for Astrophysics | Harvard & Smithsonian and the University of Illinois Urbana-Champaign.

A series of papers describing the software and the predictions have been accepted for publication by The Astronomical Journal.

Beyond just finding these new small bodies, Rubin Observatory will observe them multiple times using different optical filters, revealing their surface colors. Past solar system surveys typically observed with a single filter.

"With the LSST catalog of solar system objects, our work shows that it will be like going from black-and-white television to brilliant color," said Joe Murtagh, a doctoral student at Queen's University. "It's very exciting -- we expect that millions of new solar system objects will be detected and most of these will be picked up in the first few years of sky survey."

The team's simulations show that Rubin will map:
    	    127,000 near-Earth objects -- asteroids and comets whose orbits cross or approach Earth. That's more than tripling today's known objects, about 38,000, and detecting more than 70% of potentially hazardous bodies larger than 140 meters. This will cut the risk of undetected asteroid impact of catastrophic proportions by at least two times, making a tremendous contribution to planetary defense.
    
    	    


Over 5 million main-belt asteroids, up from about 1.4 million, with precise color and rotation data on roughly one in three asteroids within the survey's first years. This will give scientists unprecedented insight into the characteristics and history of the solar system's building blocks.
    
    	    109,000 Jupiter Trojans, bodies sharing Jupiter's orbit at stable "Lagrange" points -- more than seven times the number cataloged today. These bodies represent some of the most pristine material dating all the way back to the formation of the planets.
    
    	    37,000 trans-Neptunian objects, residents of the distant Kuiper Belt -- nearly 10 times the current census -- shedding light on Neptune's past migration and the outer solar system's history.
    
    	    Approximately 1,500-2,000 Centaurs, bodies on short-lived giant planet-crossing orbits in the middle solar system. Most Centaurs will eventually be ejected from the solar system, but a few lucky ones will survive to become short-period comets. The LSST will provide the first detailed view of the Centaurs and the important transition stage from Centaur to comet. 
    

Rubin Observatory's LSST is a once-in-a-generation opportunity to fill in the missing pieces of our solar system, said Mario Juric, a member of the Sorcha team and a UW professor of Astronomy. Juric also is a team lead of Rubin's Solar System Processing Pipelines and a director of UW's DiRAC Institute.

"Our simulations predict that Rubin will expand known small-body populations by factors of 4-9x, delivering an unprecedented trove of orbits, colors and light curves," Juric said. "With this data, we'll be able to update the textbooks of solar system formation and vastly improve our ability to spot -- and potentially deflect -- the asteroids that could threaten Earth."

It took 225 years of astronomical observations to detect the first 1.5 million asteroids, and researchers found that Rubin will double that number in less than a year, said Jake Kurlander, a doctoral student at the UW.

"Rubin's unparalleled combination of breadth and depth make it a uniquely effective discovery machine," Kurlander said.

Siegfried Eggl, an assistant professor of Aerospace Engineering at the University of Illinois Urbana-Champaign added: "Only by debiasing LSST's complex observing pattern can we turn raw detections into a true reflection of the solar system's history -- where the planets formed, and how they migrated over billions of years. Sorcha is a game changer in that respect."

The Sorcha code is open-source and freely available with the simulated catalogs, animations at https://sorcha.space. By making these resources available, the Sorcha team has enabled researchers worldwide to refine their tools and be ready for the flood of LSST data that Rubin will generate, advancing the understanding of the small bodies that illuminate the solar system like never before.

Rubin Observatory is scheduled to unveil its first spectacular imagery at its "First Look" event on June 23, offering the world an early glimpse of the survey's power. Full science operations are slated to begin later this year.
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Collaboration can unlock Australia's energy transition without sacrificing natural capital | ScienceDaily
Decarbonizing Australia's economy and protecting the country's most critical natural resources are both possible but will require significant collaboration between energy developers, state and local governments, landowners, and interest groups, according to new research led by Princeton and The University of Queensland.


						
The research, published May 29 in Nature Sustainability, demonstrates that Australia can fully decarbonize its domestic and energy export economies by 2060 while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

"The amount of land required for the energy transition is massive, and the speed at which we need to be deploying renewable infrastructure is unprecedented," said first author Andrew Pascale, research scholar in the Andlinger Center for Energy and the Environment. "At the same time, we've shown here that not only can it be done, but that it can and should be done while incorporating the perspectives of many different stakeholders."

If stakeholders work collaboratively to identify the most suitable areas for development, the researchers found it would be possible to site the over 110,000 square kilometers -- around 1.7 times the size of Tasmania -- of renewable energy infrastructure needed by 2060 to reach net-zero in Australia while preserving lands for biodiversity and agriculture.

If stakeholders refuse to compromise on their interests, however, it would lead not only to higher energy prices but also a clean energy shortfall of almost 500 gigawatts. Such a shortfall would undermine the modeled decarbonization pathway, potentially requiring an unwanted and likely costly pivot to an alternative.

"There are legitimate tensions surrounding renewable energy development," said co-author Chris Greig, theTheodora D. '78 & William H. Walton III '74 Senior Research Scientist in the Andlinger Center for Energy and the Environment. "There are values -- protecting biodiversity, respecting Indigenous estate, supporting farmers -- that must be respected and incorporated into planning processes alongside concerns about the climate."

The researchers drew from their prior work on the Net Zero Australia study, a multi-year, multi-institutional collaboration that charted unique pathways for Australia to fully decarbonize and maintain its domestic and export economy -- a nearly $6.2 trillion task (in 2020 U.S. dollars). During Net Zero Australia, the team consulted with stakeholder groups including the National Farmers Federation, National Native Title Council, and the Australian Conservation Foundation. In the present study, the team drew from those conversations to incorporate stakeholder values about land use into their technoeconomic model, identifying the most suitable lands for renewable energy development and those that should be excluded from consideration.




"In thinking about renewable energy planning, we're taking into account different biodiversity goals and protections for natural capital, which is critical for when you're trying to implement projects," said co-author James Watson, a professor of environmental management at The University of Queensland. "This is among the first works to put biodiversity and natural capital into the same picture as energy planning in Australia, which is a much-needed step in the right direction."

The researchers combined the modeling results and stakeholder input to propose a 'traffic-light' approach for siting renewable infrastructure. They identified where energy projects could be easiest to site (green), where they could be potentially sited pending further stakeholder engagement (orange), and where development would be off-limits (red).

The researchers contrasted their proposed system with the renewable energy zones that the Australian Energy Regulator uses for energy planning, noting that at least two existing renewable energy zones have over 90% overlap with biodiversity exclusion areas.

"There is a difference between modeling a net-zero pathway and planning one," Pascale said. "What looks good from the standpoint of resource quality and proximity to existing infrastructure might not hold when you simultaneously consider biodiversity and other national commitments. If 90% of the land in a proposed renewable energy zone will trigger a response from conservation groups, then it may be time to rethink."

Greig added that at a broader level, the research highlights the importance of flexible, robust net-zero pathways that account for land-use uncertainties. Such a methodology would require moving away from conventional, top-down modeling approaches to flexible pathways that are conscious of different and sometimes competing priorities for natural capital.

"We've identified a need for a government planning and approval process that integrates the diverse interests of energy development, Indigenous land rights, environmental values like biodiversity, and natural resources more broadly," said Greig. "Those perspectives are typically siloed, which is a recipe for decisions that make unacceptable tradeoffs and compromise biodiversity alongside Indigenous and farmers' rights."

The researchers suggested that an immediate planning goal would be to prioritize turning possible development sites (orange) into ones acceptable to diverse stakeholders (green) as quickly as possible.




They also underscored several uncertainties, such as missing critical habitat data for many Australian species and how all species might respond to climate change, which would require greater flexibility within individual transition pathways accompanied by regular model updates. If any unexpected and extreme changes in land availability exceed the flexibility designed in the pathway, the researchers acknowledged that the model's outcomes could change.

However, Watson said that such uncertainties should not prevent planners from using the best available data to take action on renewable energy development.

"We have to deal with the problem we are facing today, thinking about where endangered species are right now and focusing on keeping those habitats intact," said Watson. "We can take action while acknowledging we need better data, which is far preferable to simply forgetting or ignoring biodiversity."

"I see this paper as a wake-up call," he added. "The take-home message is that we need a clean energy future, and that we need to plan for that future -- and the large spatial footprint it will require -- without defeating our other societal goals."
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Guardrails, education urged to protect adolescent AI users | ScienceDaily
The effects of artificial intelligence on adolescents are nuanced and complex, according to a report from the American Psychological Association that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.


						
"AI offers new efficiencies and opportunities, yet its deeper integration into daily life requires careful consideration to ensure that AI tools are safe, especially for adolescents," according to the report, entitled "Artificial Intelligence and Adolescent Well-being: An APA Health Advisory." "We urge all stakeholders to ensure youth safety is considered relatively early in the evolution of AI. It is critical that we do not repeat the same harmful mistakes made with social media."

The report was written by an expert advisory panel and follows on two other APA reports on social media use in adolescence and healthy video content recommendations.

The AI report notes that adolescence -- which it defines as ages 10-25 -- is a long development period and that age is "not a foolproof marker for maturity or psychological competence." It is also a time of critical brain development, which argues for special safeguards aimed at younger users.

"Like social media, AI is neither inherently good nor bad," said APA Chief of Psychology Mitch Prinstein, PhD, who spearheaded the report's development. "But we have already seen instances where adolescents developed unhealthy and even dangerous 'relationships' with chatbots, for example. Some adolescents may not even know they are interacting with AI, which is why it is crucial that developers put guardrails in place now."

The report makes a number of recommendations to make certain that adolescents can use AI safely. These include:

Ensuring there are healthy boundaries with simulated human relationships. Adolescents are less likely than adults to question the accuracy and intent of information offered by a bot, rather than a human.




Creating age-appropriate defaults in privacy settings, interaction limits and content. This will involve transparency, human oversight and support and rigorous testing, according to the report.

Encouraging uses of AI that can promote healthy development. AI can assist in brainstorming, creating, summarizing and synthesizing information -- all of which can make it easier for students to understand and retain key concepts, the report notes. But it is critical for students to be aware of AI's limitations.

Limiting access to and engagement with harmful and inaccurate content. AI developers should build in protections to prevent adolescents' exposure to harmful content.

Protecting adolescents' data privacy and likenesses. This includes limiting the use of adolescents' data for targeted advertising and the sale of their data to third parties.

The report also calls for comprehensive AI literacy education, integrating it into core curricula and developing national and state guidelines for literacy education.

"Many of these changes can be made immediately, by parents, educators and adolescents themselves," Prinstein said. "Others will require more substantial changes by developers, policymakers and other technology professionals."

Report: https://www.apa.org/topics/artificial-intelligence-machine-learning/health-advisory-ai-adolescent-well-being

In addition to the report, further resources and guidance for parents on AI and keeping teens safe and for teens on AI literacy are available at APA.org.
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Molecular link between air pollution and pregnancy risks | ScienceDaily

The study, which analyzed blood samples provided by 330 pregnant women from the Atlanta metropolitan area, is believed to be the first to investigate how exposure to ambient fine particulate matter (PM2.5) commonly found in air pollution affects the metabolism of pregnant women and contributes to increased risks of preterm and early term births.

"The link between air pollution and premature birth has been well established, but for the first time we were able to look at the detailed pathway and specific fine particles to identify how they are reflected in the increased risk of adverse birth outcomes," says Donghai Liang, PhD, study lead author and associate professor of environmental health at the Rollins School of Public Health. "This is important because if we can figure out the 'why' and 'how' then we can know better how to address it."

Why This Matters

Previous research has shown pregnant women and fetuses are more vulnerable than other populations to exposure to PM2.5 -- which is emitted from combustion sources such as vehicle exhaust, industrial processes, and wildfires -- including increased likelihood of preterm births (less than 37 weeks of gestation), which is the leading cause of death globally among children under the age of five. Preterm birth is also linked to complications such as cerebral palsy, respiratory distress syndrome, and long-term noncommunicable disease risks, while early term births (37-39 weeks of gestation) are also associated with increased neonatal morbidity and developmental challenges. Approximately 10% of the preterm births in the world are attributable to PM2.5 exposure.

Key Findings
    	This was the first study to uncover the specific pathways and molecules involved in energy and amino acid metabolism that may explain how exposure to PM2.5 contributes to preterm and early term births.
    	The researchers identified two substances -- cortexolone and lysoPE(20:3) -- as factors in the relationship between short-term air pollution exposure and elevated risk of early births, offering a potential mechanism through which air pollution triggers premature labor.
    	The study highlighted disruptions in protein digestion and absorption -- which are vital to fetal development and immune function -- as potential links between air pollution and early births, also offering new potential targets for prevention efforts.
    	Of the 330 women who participated in the Emory study, 66 (20%) delivered preterm babies and 54 (16.4%) delivered early term babies, both of which are significantly higher than the prevalence in the general U.S. population.

What The Experts Say

"As an air pollution scientist, I do not think air pollution is going away anytime soon. Even at lower levels, we continue to see harmful health effects, but we can't just ask people to simply move away from highly polluted areas," Liang says. "So, from a clinical intervention standpoint, that's why it's critical to gain a better understanding on these pathways and molecules affected by pollution. In the future, we may be able to target some of these molecules to develop effective strategies or clinical interventions that could help reduce these adverse health effects."
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Atmospheric chemistry keeps pollutants in the air | ScienceDaily
Nitrates in the atmosphere reduce air quality and play an important role in climate change. An international team led by Hokkaido University researchers has revealed how chemical processes in the atmosphere have led to persistently high nitrate levels despite a reduction in emissions over the past few decades. These findings, published in Nature Communications, will help improve climate modelling by refining our ability to assess and predict atmospheric nitrate levels.


						
Atmospheric nitrate levels peaked between 1970 and 2000. The levels decreased somewhat with the decrease in the emission of nitrate precursors since the 1990s, but the drop in nitrate levels is smaller than the drop in the emission of precursors -- something is keeping nitrates in the atmosphere.

Nitrates can exist in either a gaseous or particulate form in the atmosphere. Gaseous nitrate is more easily deposited out of the atmosphere, while the particulate form -- particularly finer particles -- can be transported over long distances. Understanding the balance between gaseous and particulate nitrates is therefore important in getting a picture of the atmospheric dynamics and persistence of nitrates.

The persistence of atmospheric nitrates in source regions is explained by a buffering effect, where gaseous nitrates are converted to particulate nitrates, contributing to their persistence. The impact of this buffering over long timescales and at long ranges is unclear, but nitrates deposited in Arctic ice cores show the same patterns as atmospheric nitrates. These sites are far from the sources, so the continuing high deposition rates don't reflect local processes near the source but must be due to atmospheric transport and other processes in the atmosphere.

To understand these dynamics, a research team led by Professor Yoshinori Iizuka at the Institute of Low Temperature Science, Hokkaido University, examined the nitrate deposition history from 1800 to 2020 in an ice core taken from southeastern Greenland. As expected, nitrate levels within the core increased from the 1850s, peaking between the 1970s and 2000s before declining somewhat but remaining high. Overall, the increase in nitrates up to the 1970s happened more gradually than the increase in precursors, and the decrease after the 1990s was also slower and smaller than the decrease in precursor emission.

The delayed effect and persistence of nitrates indicates factors other than the emission of precursors are affecting nitrate levels. The researchers investigated these factors with a global chemical transport model and found that the difference between nitrate and precursor levels correlated with atmospheric acidity and not with other meteorological factors, such as air temperature.

In other words, the persistence of nitrates has been driven by chemical processes happening in the atmosphere rather than meteorological conditions or atmospheric dynamics. Changes in atmospheric acidity altered the proportion of nitrate that was gaseous or particulate. This affects the lifetime of nitrates in the atmosphere. Atmospheric acidity has increased the fraction of nitrates in particulate form, enabling this pollutant to persist longer and travel farther.

"Ours is the first study to present accurate information for records of particulate nitrates in ice cores, which has been a very challenging problem," says Iizuka. "As it is more difficult to reduce anthropogenic emissions of substances that lead to increased nitrates, accurate measurements of particulate nitrates in the ice cores provides data for increasing the accuracy of predicting the amplification of Arctic warming in the future."

"It was difficult to present accurate nitrate from ice cores, but our team was able to do so this time." says Iizuka. "In the future, nitrate will replace sulfate as the primary aerosol in the Arctic, suggesting this result leads to the higher accuracy of future predictions of Arctic warming amplification."
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New mRNA vaccine is more effective and less costly to develop | ScienceDaily
A new type of mRNA vaccine is more scalable and adaptable to continuously evolving viruses such as SARS-CoV-2 and H5N1, according to a study by researchers at University of Pittsburgh School of Public Health and the Pennsylvania State University. The study was published today in npj Vaccines.


						
Though highly effective at inducing an immune response, current mRNA vaccines, such as those used to prevent COVID-19, present two significant challenges: the high amount of mRNA needed to produce them and the constantly evolving nature of the pathogen.

"The virus changes, moving the goal post, and updating the vaccine takes some time," said senior author Suresh Kuchipudi, Ph.D., chair of Infectious Diseases and Microbiology at Pitt Public Health.

To address these challenges, the researchers created a proof-of-concept COVID-19 vaccine using what's known as a"trans-amplifying" mRNA platform. In this approach, the mRNA is separated into two fragments -- the antigen sequence and the replicase sequence -- the latter of which can be produced in advance, saving crucial time in the event a new vaccine must be developed urgently and produced at scale.

Additionally, the researchers analyzed the spike-protein sequences of all known variants of the SARS-CoV-2 for commonalities, rendering what's known as a "consensus spike protein" as the basis for the vaccine's antigen.

In mice, the vaccine induced a robust immune response against many strains of SARS-CoV-2.

"This has the potential for more lasting immunity that would not require updating, because the vaccine has the potential to provide broad protection," said Kuchipudi. "Additionally, this format requires an mRNA dose 40 times less than conventional vaccines, so this new approach significantly reduces the overall cost of the vaccine."

The lessons learned from this study could inform more efficient vaccine development for other constantly evolving RNA viruses with pandemic potential, Kuchipudi said. "We hope to apply the principles of this lower-cost, broad-protection antigen design to pressing challenges like bird flu."

Other authors on the study were Abhinay Gontu, Padmaja Jakka, Ph.D., Maurice Byukusenge, D.V.M., Ph.D., D.A.C.V.M., Meera Surendran Nair, Bhushan M. Jayarao, M.V.Sc., Ph.D., M.P.H., Marco Archetti, Ph.D., and Ruth H. Nissly, Ph.D., all of Pennsylvania State University; and Sougat Misra, Ph.D., Shubhada K. Chothe, Ph.D., M.V.Sc., B.V.Sc., Santhamani Ramasamy, Ph.D., D.A.C.V.M., and Lindsey C. LaBella, all of Pitt.

This research was supported by chair funds from the Huck Institutes of the Life Sciences and Interdisciplinary Innovation Fellowship at the One Health Microbiome Center at Pennsylvania State University.
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Black holes could act as natural supercolliders -- and help uncover dark matter | ScienceDaily
As federal funding cuts impact decades of research, scientists could turn to black holes for cheaper, natural alternatives to expensive facilities searching for dark matter and similarly elusive particles that hold clues to the universe's deepest secrets, a new Johns Hopkins study of supermassive black holes suggests.


						
The findings could help complement multi-billion-dollar expenses and decades of construction needed for research complexes like Europe's Large Hadron Collider, the largest and highest-energy particle accelerator in the world.

"One of the great hopes for particle colliders like the Large Hadron Collider is that it will generate dark matter particles, but we haven't seen any evidence yet," said study co-author Joseph Silk, an astrophysics professor at Johns Hopkins University and the University of Oxford, UK. "That's why there are discussions underway to build a much more powerful version, a next-generation supercollider. But as we invest $30 billion and wait 40 years to build this supercollider -- nature may provide a glimpse of the future in super massive black holes."

The research appears today in Physical Review Letters.

Particle colliders smash protons and other subatomic particles into each other at nearly the speed of light, exposing the most fundamental aspects of matter. Subtle energy flashes and debris from the clash could reveal previously undiscovered particles, including potential candidates for dark matter, a critical but ghostly component of the universe that scientists have yet to detect. Facilities such as the Large Hadron Collider, a 17-mile circular tunnel, have also helped transform the internet, cancer therapy, and high-performance computing.

A black hole can spin around its axis like a planet, but with much greater strength because of its intense gravitational field. Scientists are increasingly discovering that some rapidly spinning massive black holes at the centers of galaxies release enormous outbursts of plasma, likely because of jets powered by energy from their spin and surrounding accretion disks. It's these events that could potentially generate the same results as human-made supercolliders, the new study shows.

"If supermassive black holes can generate these particles by high-energy proton collisions, then we might get a signal on Earth, some really high-energy particle passing rapidly through our detectors," said Silk, who is also a researcher at the Institute of Astrophysics in Paris and at the University of Oxford. "That would be the evidence for a novel particle collider within the most mysterious objects in the universe, attaining energies that would be unattainable in any terrestrial accelerator. We'd see something with a strange signature that conceivably provides evidence for dark matter, which is a bit more of a leap but it's possible."

The new study shows that plunging "gas flows" near a black hole can draw energy from its spin, becoming much more violent than scientists thought possible. Near a rapidly spinning black hole, these particles can chaotically collide. Although not identical, the process is similar to the collisions scientists create using intense magnetic fields to accelerate particles in the circular tunnel of a high-energy particle collider.




"Some particles from these collisions go down the throat of the black hole and disappear forever. But because of their energy and momentum, some also come out, and it's those that come out which are accelerated to unprecedentedly high energies," Silk said. "We figured out how energetic these beams of particles could be: as powerful as you get from a supercollider, or more. It's very hard to say what the limit is, but they certainly are up to the energy of the newest supercollider that we plan to build, so they could definitely give us complementary results."

To detect such high-energy particles, scientists could use observatories already tracking supernovae, massive black hole eruptions, and other cosmic events, Silk said. These include detectors like the IceCube Neutrino Observatory in the South Pole or the Kilometer Cube Neutrino Telescope, which recently detected the most energetic neutrino ever recorded under the Mediterranean Sea.

"The difference between a supercollider and a black hole is that black holes are far away," Silk said. "But nevertheless, these particles will get to us."

Dr. Andrew Mummery, a theoretical physicist at University of Oxford, is also an author of the study.
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Particles energized by magnetic reconnection in the nascent solar wind | ScienceDaily
New research led by a Southwest Research Institute scientist identified a new source of energetic particles near the Sun. These definitive observations were made by instruments aboard NASA's Parker Solar Probe, which detected the powerful phenomena as the spacecraft dipped in and out of the solar corona.


						
These new results offer fresh perspectives on how magnetic reconnection could heat the solar atmosphere, which then transitions into the solar wind, and also how solar flares accelerate a small fraction of charged particles to near-relativistic speeds.

"Through the SwRI-led Magnetospheric Multiscale mission, scientists made the first direct detection of the source of magnetic reconnection near Earth, observing how this explosive physical process converts stored magnetic energy into kinetic energy and heat," said SwRI's Dr. Mihir Desai, lead author of a new paper about this research. "Now Parker has made direct observations of how magnetic reconnection at the heliospheric current sheet (HCS), where the interplanetary field reverses its polarity, energizes charged particles to extremely high energies."

As Parker crossed the HCS, scientists discovered a sunward-directed reconnection jet and sunward-propagating highly energetic protons, establishing their origin from HCS reconnection sites and not from unrelated processes at the Sun. Within the core of the reconnection exhaust, Parker detected trapped energetic protons a thousand times greater than the available magnetic energy per particle.

"These findings indicate that magnetic reconnection in the HCS is an important source of energetic particles in the near-Sun solar wind," Desai said. "Everywhere there are magnetic fields there will be magnetic reconnection. But the Sun's magnetic fields are much stronger near the star, so there's a lot more stored energy to be released."

Magnetic reconnection -- when magnetic field lines converge, break apart and reconnect in an explosive physical process -- energizes particles and generates high-speed flows. At the heart of space weather, reconnection is responsible for powerful solar events, such as solar flares and coronal mass ejections (CMEs), and drives disturbances in Earth's space environment. Such disturbances produce spectacular auroras but can also shut down electrical power grids and disrupt satellite-based communication and navigation systems.

"Reports from the American Meteorological Society indicated that the powerful solar events in May 2024 wreaked havoc with farmers when extreme geomagnetic storms disrupted the precise GPS-guided navigation systems used to plant, fertilize and harvest rows of seeds, causing an estimated loss of up to $500 million in earning potential," Desai said. "Parker's access to this new data is critical, particularly as we remain in the midst of a very active solar cycle."

Parker was able to make these measurements due to its record-breaking proximity to the Sun, flying through its corona up to three times a year. Of particular interest is understanding how the Sun's atmosphere heats up and accelerates the solar wind. Understanding these processes can also help scientists develop ways to predict and mitigate the effects of solar flares and CMEs, as well as provide new insights for laboratory fusion research.

The Parker Solar Probe was developed as part of NASA's Living With a Star program to explore aspects of the Sun-Earth system that directly affect life and society. The Living With a Star program is managed by the agency's Goddard Space Flight Center in Greenbelt, Maryland, for NASA's Science Mission Directorate in Washington. The Johns Hopkins University Applied Physics Laboratory designed, built and operates the spacecraft and manages the mission for NASA.
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Researchers develop recyclable, healable electronics | ScienceDaily
Between upgrades and breakdowns to cellphones, tablets, laptops, and appliances, so many electronics are getting tossed in the trash that they've taken on a name of their own: e-waste.


						
According to a 2024 report issued by the United Nations, the amount of e-waste worldwide has almost doubled in the past 12 years, from 34 billion to 62 billion kilograms -- the equivalent of 1.55 million shipping trucks -- and it's estimated to hit 82 billion kilograms by 2030. Just 13.8 billion kilograms -- about 20 percent of the total -- is expected to be recycled, a number projected to remain flat.

Put simply, we're throwing away more and more electronics, and recycling isn't keeping up. But a new study in Advanced Materials by two Virginia Tech research teams offers a potential solution to the e-waste problem: a recyclable material that could make electronics easier to break down and reuse.

Chemistry and engineering have an answer

Michael Bartlett, associate professor of mechanical engineering, and Josh Worch, assistant professor of chemistry, come from different fields, but together they created a new class of circuit materials. With significant work from their team of postdoctoral and graduate student researchers, including Dong Hae Ho, Meng Jiang, and Ravi Tutika, the new circuits are recyclable, electrically conductive, reconfigurable, and self-healing after damage. Yet they retain the strength and durability of traditional circuit board plastics -- features rarely found together in a single material.

The new material starts with a vitrimer, a dynamic polymer that can be reshaped and recycled. This versatile material is combined with droplets of liquid metal that do the work of carrying the electric current, the way rigid metals do in a traditional circuit.

This is a fundamentally different approach from other recyclable or flexible electronics. By combining the high-performance, adaptable polymers with electrically conductive liquid metals, the new circuit holds up under a host of challenges.




"Our material is unlike conventional electronic composites," said Bartlett. "The circuit boards are remarkably resilient and functional. Even under mechanical deformation or damage, they still work."

A second life

Recycling traditional circuit boards involves several energy-intensive deconstruction steps and still yields large amounts of waste. Billions of dollars of valuable metal components are lost in the process.

Recycling the team's circuit board is straightforward and can be accomplished in multiple ways.

"Traditional circuit boards are made from permanent thermosets that are incredibly difficult to recycle," said Worch. "Here, our dynamic composite material can be healed or reshaped if damaged by applying heat, and the electrical performance will not suffer. Modern circuit boards simply cannot do this."

The vitrimer circuit boards also can be deconstructed at their end of life using alkaline hydrolysis, enabling recovery of key components such as the liquid metal and LEDs. Fully reusing all components of the conductive composites in a closed-loop process remains a goal for future research.

While it may not be possible to curb the amount of electronics that are discarded by the world's consumers, this work represents a key step toward keeping more electronics out of landfills.

This research was supported by Virginia Tech through the Institute for Critical Technology and Applied Science and Bartlett's National Science Foundation Early Faculty Career Development (CAREER) award.
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Ultra-thin lenses that make infrared light visible | ScienceDaily
Lenses are the most widely used optical devices. Camera lens or objectives, for example, produce a sharp photo or video by directing light at a focal point. The speed of evolution made in the field of optics in recent decades is exemplified by the transformation of conventional bulky cameras into today's compact smartphone cameras.


						
Even high-performance smartphone cameras still require a stack of lenses that often account for the thickest part of the phone. This size constraint is an inherent feature of classic lens design -- a thick lens is crucial for bending light to capture a sharp image on the camera sensor.

Major strides in the field of optics over the past ten years have sought to overcome this limitation and have come up with a solution in the form of metalenses. They are flat, perform in the same way as normal lenses and are not only 40 times thinner than an average human hair but also lightweight as they do not need to be made of glass.

A special metasurface composed of structures a mere hundred nanometres in width and height (one nanometre is one billionth of a metre) modifies the direction of light. Using such nanostructures researchers can radically reduce the size of a lens and make it more compact.

When combined with special materials, these nanostructures can be used to explore other unusual properties of light. One example is nonlinear optics, where light is converted from one colour into another. A green laser pen works according to this principle: infrared light goes through a high-quality crystalline material and generates light of half the wavelength -- in this case green light. One well-known material that produces such effects is lithium niobate. This is used in the telecommunications industry to create components that interface electronics with optical fibres.

Rachel Grange, a professor at the Institute for Quantum Electronics at ETH Zurich, conducts research into the fabrication of nanostructures with such materials. She and her team have developed a new process that allows lithium niobate to be used to create metalenses. The study has recently been published in the journal Advanced Materials.

For her new method, the physicist combines chemical synthesis with precision nanoengineering. "The solution containing the precursors for lithium niobate crystals can be stamped while still in a liquid state. It works in a similar way to Gutenberg's printing press," co-first author Ulle-Linda Talts, a doctoral student working with Rachel Grange, explains. Once the material is heated to 600degC, it takes on crystalline properties that enable the conversion of light as in the case of the green laser pen.




The process has several advantages. Producing lithium niobate nanostructures is difficult using conventional methods as it is exceptionally stable and hard. According to the researchers, this technique is suitable for mass production as an inverse mould can be used multiple times, allowing the printing of as many metalenses as needed. It is also much more cost-effective and faster to fabricate than other lithium niobate miniaturised optical devices.

Ultra-thin lenses that generate new light

Using this technique, the ETH researchers in Grange's group succeeded in creating the first lithium niobate metalenses with precisely engineered nanostructures. While functioning as normal light focusing lenses, these devices can simultaneously change the wavelength of laser light. When infrared light with a wavelength of 800 nanometres is sent through the metalens, visible radiation with a wavelength of 400 nanometres emerges on the other side and is directed at a designated point.

This magic of light conversion, as Rachel Grange calls it, is only made possible by the special structure of the ultra-thin metalens and its composition of a material that allows the occurrence of what is known as the nonlinear optical effect. This effect is not limited to a defined laser wavelength, making the process highly versatile in a broad range of applications.

From counterfeit-proof banknotes to next-generation microscopy tools

Metalenses and similar hologram-generating nanostructures could be used as security features to render banknotes and securities counterfeit-proof and to guarantee the authenticity of artworks. Their exact structures are too small to be seen using visible light, while their nonlinear material properties allow highly reliable authentication.

Researchers can also use simple camera detectors to convert and steer the emission of laser light to make infrared light -- in sensors, for example -- visible. Or for reducing the equipment needed for deep-UV light patterning in state-of-the-art electronics fabrication.

The field of such ultra-thin optical elements -- known as metasurfaces -- is a relatively young branch of research at the interface between physics, materials science and chemistry. "We have only scratched the surface so far and are very excited to see how much of an impact this type of new cost-effective technology will have in the future," emphasises Grange.
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Webb reveals the origin of the ultra-hot exoplanet WASP-121b | ScienceDaily
Observations with the James Webb Space Telescope (JWST) have provided new clues about how the exoplanet WASP-121b has formed and where it might have originated in the disc of gas and dust around its star. These insights stem from the detection of multiple key molecules: water vapour, carbon monoxide, silicon monoxide, and methane. With these detections, a team led by astronomers Thomas Evans-Soma and Cyril Gapp was able to compile an inventory of the carbon, oxygen, and silicon in the atmosphere of WASP-121b. The detection of methane in particular also suggests strong vertical winds on the cooler nightside, a process often ignored in current models.


						
WASP-121b is an ultra-hot giant planet that orbits its host star at a distance only about twice the star's diameter, completing one orbit in approximately 30.5 hours. The planet exhibits two distinct hemispheres: one that always faces the host star, with temperatures locally exceeding 3000 degrees Celsius, and an eternal nightside where temperatures drop to 1500 degrees.

"Dayside temperatures are high enough for refractory materials -- typically solid compounds resistant to strong heat -- to exist as gaseous components of the planet's atmosphere," Thomas Evans-Soma explained. He is an astronomer affiliated with the Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany, and the University of Newcastle, Australia. He led the study published today in Nature Astronomy.

Unveiling the birthplace of WASP-121b

The team investigated the abundance of compounds that evaporate at very different temperatures, providing clues about the planet's formation and evolution. "Gaseous materials are easier to identify than liquids and solids," noted MPIA student Cyril Gapp, the lead author of a second study published today in The Astronomical Journal. "Since many chemical compounds are present in gaseous form, astronomers use WASP-121b as a natural laboratory to probe the properties of planetary atmospheres."

The team concluded that WASP-121b likely accumulated most of its gas in a region cold enough for water to remain frozen yet sufficiently warm for methane (CH4) to evaporate and exist in its gaseous form. Since planets form within a disc of gas and dust surrounding a young star, such conditions occur at distances where stellar radiation creates the appropriate temperatures.

In our own Solar System, this region lies somewhere between the orbits of Jupiter and Uranus. This is remarkable, given that WASP-121b now orbits perilously close to its host star's surface. It suggests that, after its formation, it undertook a long journey from the icy outer regions to the centre of the planetary system.




Reconstructing WASP-121b's eventful youth

Silicon was detected as silicon monoxide (SiO) gas, but originally entered the planet via rocky material such as quartz stored in planetesimals -- essentially asteroids -- after acquiring most of its gaseous envelope. The formation of planetesimals takes time, indicating that this process occurred during the later stages of planetary development.

"The relative abundances of carbon, oxygen, and silicon offer insights into how this planet formed and acquired its material." -- Thomas Evans-Soma

Planet formation begins with icy dust particles that stick together and gradually grow into centimetre- to metre-sized pebbles. They attract surrounding gas and small particles, accelerating their growth. These are the seeds of future planets like WASP-121b. Drag from the surrounding gas causes the moving pebbles to spiral inward towards the star. As they migrate, their embedded ices begin to evaporate in the disc's warmer inner regions.

While the infant planets orbit their host stars, they may grow large enough to open substantial gaps within the protoplanetary disc. This halts the inward drift of pebbles and the supply with embedded ices but leaves enough gas available to build an extended atmosphere.

In the case of WASP-121b, this appears to have occurred at a location where methane pebbles evaporated, enriching the gas that the planet supplied with carbon. In contrast, water pebbles remained frozen, locking away oxygen. This scenario best explains why Evans-Soma and Gapp observed a higher carbon-to-oxygen ratio in the planet's atmosphere than in its host star. WASP-121b continued attracting carbon-rich gas after the flow of oxygen-rich pebbles had stopped, setting the final composition of its atmospheric envelope.




The detection of methane requires strong vertical currents

As the temperature of an atmosphere changes, the quantities of different molecules, such as methane and carbon monoxide, are expected to vary. At the ultra-high temperatures of WASP-121b's dayside, methane is highly unstable and won't be present in detectable quantities. Astronomers have determined for planets like WASP-121b that gas from the dayside hemisphere should be mixed around to the relatively cool nightside hemisphere faster than the gas composition can adjust to the lower temperatures. Under this scenario, one would expect the abundance of methane to be negligible on the nightside, just as it is on the dayside. When instead the astronomers detected plentiful methane on the nightside of WASP-121b, it was a total surprise.

To explain this result, the team proposes that methane gas must be rapidly replenished on the nightside to maintain its high abundance. A plausible mechanism for doing this involves strong vertical currents lifting methane gas from lower atmospheric layers, which are rich in methane thanks to the relatively low nightside temperatures combined with the high carbon-to-oxygen ratio of the atmosphere. "This challenges exoplanet dynamical models, which will likely need to be adapted to reproduce the strong vertical mixing we've uncovered on the nightside of WASP-121b," said Evans-Soma.

JWST's role in the discovery

The team used JWST's Near-Infrared Spectrograph (NIRSpec) to observe WASP-121b throughout its complete orbit around its host star. As the planet rotates on its axis, the heat radiation received from its surface varies, exposing different portions of its irradiated atmosphere to the telescope. This allowed the team to characterize the conditions and chemical composition of the planet's dayside and nightside.

The astronomers also captured observations as the planet transited in front of its star. During this phase, some starlight filters through the planet's atmospheric limb, leaving spectral fingerprints that reveal its chemical makeup. This type of measurement is especially sensitive to the transition region where gases from the dayside and nightside mix. "The emerging transmission spectrum confirmed the detections of silicon monoxide, carbon monoxide, and water that were made with the emission data," Gapp noted. "However, we could not find methane in the transition zone between the day and night side."

Additional information

The MPIA scientists involved in this study included Thomas M. Evans-Soma (also at the University of Newcastle, Australia), Cyril Gapp (also at Heidelberg University), Eva-Maria Ahrer, Duncan A. Christie, Djemma Ruseva (also at the University of St Andrews, UK), and Laura Kreidberg.

Other researchers included David K. Sing (Johns Hopkins University, Baltimore, USA), Joanna K. Barstow (The Open University, Milton Keynes, UK), Anjali A. A. Piette (University of Birmingham, UK and Carnegie Institution for Science, Washington, USA), Jake Taylor (University of Oxford, UK), Joshua D. Lothringer (Space Telescope Science Institute, Baltimore, USA and Utah Valley University, Orem, USA), and Jayesh M. Goyal (National Institute of Science Education and Research (NISER), Odisha, India).

NIRSpec is part of the European Space Agency's (ESA) contribution to the Webb mission, built by a consortium of European companies led by Airbus Defence and Space (ADS). NASA's Goddard Space Flight Centre provided two sub-systems (detectors and micro-shutters). MPIA was responsible for procuring electrical components of the NIRSpec grating wheels.
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Attachment theory: A new lens for understanding human-AI relationships | ScienceDaily
Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.


						
Artificial intelligence (AI) is ubiquitous in this era. As a result, human-AI interactions are becoming more frequent and complex, and this trend is expected to accelerate soon. Therefore, scientists have made remarkable efforts to better understand human-AI relationships in terms of trust and companionship. However, these man-machine interactions can possibly also be understood in terms of attachment-related functions and experiences, which have traditionally been used to explain human interpersonal bonds.

In an innovative work, which incorporates two pilot studies and one formal study, a group of researchers from Waseda University, Japan, including Research Associate Fan Yang and Professor Atsushi Oshio from the Faculty of Letters, Arts and Sciences, has utilized attachment theory to examine human-AI relationships. Their findings were recently published online in the journal Current Psychology on May 9, 2025.

Mr. Yang explains the motivation behind their research. "As researchers in attachment and social psychology, we have long been interested in how people form emotional bonds. In recent years, generative AI such as ChatGPT has become increasingly stronger and wiser, offering not only informational support but also a sense of security. These characteristics resemble what attachment theory describes as the basis for forming secure relationships. As people begin to interact with AI not just for problem-solving or learning, but also for emotional support and companionship, their emotional connection or security experience with AI demands attention. This research is our attempt to explore that possibility."

Notably, the team developed a new self-report scale called the Experiences in Human-AI Relationships Scale, or EHARS, to measure attachment-related tendencies toward AI. They found that some individuals seek emotional support and guidance from AI, similar to how they interact with people. Nearly 75% of participants turned to AI for advice, while about 39% perceived AI as a constant, dependable presence.

This study differentiated two dimensions of human attachment to AI: anxiety and avoidance. An individual with high attachment anxiety toward AI needs emotional reassurance and harbors a fear of receiving inadequate responses from AI. In contrast, a high attachment avoidance toward AI is characterized by discomfort with closeness and a consequent preference for emotional distance from AI.

However, these findings do not mean that humans are currently forming genuine emotional attachments to AI. Rather, the study demonstrates that psychological frameworks used for human relationships may also apply to human-AI interactions. The present results can inform the ethical design of AI companions and mental health support tools. For instance, AI chatbots used in loneliness interventions or therapy apps could be tailored to different users' emotional needs, providing more empathetic responses for users with high attachment anxiety or maintaining respectful distance for users with avoidant tendencies. The results also suggest a need for transparency in AI systems that simulate emotional relationships, such as romantic AI apps or caregiver robots, to prevent emotional overdependence or manipulation.

Furthermore, the proposed EHARS could be used by developers or psychologists to assess how people relate to AI emotionally and adjust AI interaction strategies accordingly.

"As AI becomes increasingly integrated into everyday life, people may begin to seek not only information but also emotional support from AI systems. Our research highlights the psychological dynamics behind these interactions and offers tools to assess emotional tendencies toward AI. Lastly, it promotes a better understanding of how humans connect with technology on a societal level, helping to guide policy and design practices that prioritize psychological well-being," concludes Mr. Yang.
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Self-powered artificial synapse mimics human color vision | ScienceDaily
As artificial intelligence and smart devices continue to evolve, machine vision is taking an increasingly pivotal role as a key enabler of modern technologies. Unfortunately, despite much progress, machine vision systems still face a major problem: processing the enormous amounts of visual data generated every second requires substantial power, storage, and computational resources. This limitation makes it difficult to deploy visual recognition capabilities in edge devices -- such as smartphones, drones, or autonomous vehicles.


						
Interestingly, the human visual system offers a compelling alternative model. Unlike conventional machine vision systems that have to capture and process every detail, our eyes and brain selectively filter information, allowing for higher efficiency in visual processing while consuming minimal power. Neuromorphic computing, which mimics the structure and function of biological neural systems, has thus emerged as a promising approach to overcome existing hurdles in computer vision. However, two major challenges have persisted. The first is achieving color recognition comparable to human vision, whereas the second is eliminating the need for external power sources to minimize energy consumption.

Against this backdrop, a research team led by Associate Professor Takashi Ikuno from the School of Advanced Engineering, Department of Electronic Systems Engineering, Tokyo University of Science (TUS), Japan, has developed a groundbreaking solution. Their paper, published in Volume 15 of the journal Scientific Reports on May 12, 2025, introduces a self-powered artificial synapse capable of distinguishing colors with remarkable precision. The study was co-authored by Mr. Hiroaki Komatsu and Ms. Norika Hosoda, also from TUS.

The researchers created their device by integrating two different dye-sensitized solar cells, which respond differently to various wavelengths of light. Unlike conventional optoelectronic artificial synapses that require external power sources, the proposed synapse generates its electricity via solar energy conversion. This self-powering capability makes it particularly suitable for edge computing applications, where energy efficiency is crucial.

As evidenced through extensive experiments, the resulting system can distinguish between colors with a resolution of 10 nanometers across the visible spectrum -- a level of discrimination approaching that of the human eye. Moreover, the device also exhibited bipolar responses, producing positive voltage under blue light and negative voltage under red light. This makes it possible to perform complex logic operations that would typically require multiple conventional devices. "The results show great potential for the application of this next-generation optoelectronic device, which enables high-resolution color discrimination and logical operations simultaneously, to low-power artificial intelligence (AI) systems with visual recognition," notes Dr. Ikuno.

To demonstrate a real-world application, the team used their device in a physical reservoir computing framework to recognize different human movements recorded in red, green, and blue. The system achieved an impressive 82% accuracy when classifying 18 different combinations of colors and movements using just a single device, rather than the multiple photodiodes needed in conventional systems.

The implications of this research extend across multiple industries. In autonomous vehicles, these devices could enable more efficient recognition of traffic lights, road signs, and obstacles. In healthcare, they could power wearable devices that monitor vital signs like blood oxygen levels with minimal battery drain. For consumer electronics, this technology could lead to smartphones and augmented/virtual reality headsets with dramatically improved battery life while maintaining sophisticated visual recognition capabilities. "We believe this technology will contribute to the realization of low-power machine vision systems with color discrimination capabilities close to those of the human eye, with applications in optical sensors for self-driving cars, low-power biometric sensors for medical use, and portable recognition devices," remarks Dr. Ikuno.

Overall, this work represents a significant step toward bringing the wonders of computer vision to edge devices, enabling our everyday devices to see the world more like we do.
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Synthetic compound shows promise against multidrug resistance | ScienceDaily
Antimicrobial resistance directly causes more than 1 million deaths every year and contributes to more than 35 million more, according to the World Health Organization. Staphylococcus aureus and Enterococcus sp., 2 gram-positive pathogens highly likely to develop resistance to known treatments, can cause dangerous hospital-acquired and community-acquired infections.


						
This week in Microbiology Spectrum, researchers describe a newly synthesized compound called infuzide that shows activity against antimicrobial resistant strains of S. aureus and Enterococcus in laboratory and mouse tests. In addition, the findings suggest that infuzide kills bacteria in ways that differ from other antimicrobials, which may help keep resistance at bay.

Infuzide emerged from more than a decade of work by interdisciplinary researchers looking for ways to create compounds that could act against pathogens in ways similar to known pharmaceutical compounds. Those include hydrazones, inorganic synthesized compounds that previous studies have shown to demonstrate antibacterial activity, including against resistant strains. The researchers synthesized 17 new compounds that contained hydrazones, and among those infuzide showed activity against gram-positive S. aureus and Enterococcus.

"We started the project as a collaboration, looking for ways to synthesize compounds and connecting them with compounds that might have biological activities," said medicinal chemist Michel Baltas, Ph.D., from the Laboratoire de Chimie de Coordination at the University of Toulouse in France. Baltas co-led the new work, along with Sidharth Chopra, Ph.D., from the CSIR-Central Drug Research Institute in Lucknow, India.

The researchers found that infuzide specifically attacks bacterial cells. In lab tests, they compared the antimicrobial effects of infuzide against vancomycin, a powerful antibiotic representing the standard of care in treating resistant infections. They found that infuzide more quickly and effectively reduced the size of bacterial colonies than the standard drug. In tests of resistant S. aureus infections on the skin of mice, the compound effectively reduced the bacterial population. The reduction was even higher, the researchers reported, when infuzide was combined with linezolid, a synthetic antibiotic.

Infuzide did not show significant activity against gram-negative pathogens, though Baltas said the group is looking for small changes to infuzide that might expand its antimicrobial activity.

The researchers synthesized the compounds without the need of solvents, which can be expensive and environmentally hazardous. The simplicity of the chemical reactions, Baltas said, would make it easy to make large quantities to be used in new treatments. "I am sure the same reactions can scale up."

In addition, the group has been investigating the effects of synthesized compounds on other infectious diseases, including tuberculosis. "We have many other candidates to make antimicrobial compounds," Baltas said.
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Researchers recreate ancient Egyptian blues | ScienceDaily
A team of Washington State University-led researchers has recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.


						
Reporting in the journal, NPJ Heritage Science, the researchers used a variety of raw materials and heating times to develop 12 recipes for the pigments, providing useful information for archaeologists and conservation scientists who study the ancient Egyptian materials. The work was done in collaboration with Carnegie Museum of Natural History and the Smithsonian's Museum Conservation Institute.

"We hope this will be a good case study in what science can bring to the study of our human past," said John McCloy, first author on the paper and director of WSU's School of Mechanical and Materials Engineering. "The work is meant to highlight how modern science reveals hidden stories in ancient Egyptian objects."

While Egyptian blue pigment was valued in ancient times, there is limited archaeological evidence of how it was made. It was used as a substitute for expensive minerals like turquoise or lapis lazuli and was used in painting wood, stone, and a papier-mache-type material called cartonnage. Depending on its ingredients and processing time, its color ranges from deep blue to dull gray or green. After the Egyptians, the pigment was used by Romans, but by the Renaissance period, the knowledge of how it was made was largely forgotten.

In recent years, there has been a resurgence of interest in the pigment because it has interesting optical, magnetic, and biological properties with potential new technological applications, said McCloy. The pigment emits light in the near-infrared part of the electro-magnetic spectrum that people can't see, which means it could be used for things like fingerprinting and counterfeit-proof inks. It also has a similar chemistry to high-temperature superconductors.

"It started out just as something that was fun to do because they asked us to produce some materials to put on display at the museum, but there's a lot of interest in the material," said McCloy, who, in addition to being a professor in materials science and engineering, has a master's degree in anthropology.

To understand its makeup, the researchers, including a mineralogist and an Egyptologist, created 12 different recipes of the pigment from mixtures of silicon dioxide, copper, calcium, and sodium carbonate. They heated the material at about 1000 degrees Celsius for between one and 11 hours to replicate temperatures that would have been available for ancient artists. After cooling the samples at various rates, they studied the pigments using modern microscopy and analysis techniques that had never been used for this type of research, comparing them to two ancient Egyptian artifacts.




Egyptian blue included a variety of blue colors, depending on where they were made and their quality. The researchers found that the pigment is highly heterogeneous.

"You had some people who were making the pigment and then transporting it, and then the final use was somewhere else," said McCloy. "One of the things that we saw was that with just small differences in the process, you got very different results."

The researchers found that, in fact, to get the bluest color requires only about 50% of the blue-colored components.

"It doesn't matter what the rest of it is, which was really quite surprising to us," said McCloy. "You can see that every single pigment particle has a bunch of stuff in it -- it's not uniform by any means."

The samples created are currently on display at Carnegie Museum of Natural History in Pittsburgh, Pennsylvania and will become part of the museum's new long-term gallery focused on ancient Egypt.
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Discovery could boost solid-state battery performance | ScienceDaily
An emerging technology to make lithium-ion batteries safer and more powerful involves using solid rather than liquid electrolytes, the materials that make it possible for ions to move through the device to generate power.


						
A team of University of Texas at Dallas researchers and their colleagues have discovered that the mixing of small particles between two solid electrolytes can generate an effect called a "space charge layer," an accumulation of electric charge at the interface between the two materials.

The finding could aid the development of batteries with solid electrolytes, called solid-state batteries, for applications including mobile devices and electric vehicles. The researchers published their study in ACS Energy Letters, where it is featured on the cover of the March issue.

Researchers discovered that the mixing of small particles between two solid electrolytes can generate an effect called a "space charge layer," an accumulation of electric charge at the interface between two solid electrolytes depicted in this illustration.

When the separate solid electrolyte materials make physical contact, a layer forms at their boundary where charged particles, or ions, accumulate due to differences in each material's chemical potential, said Dr. Laisuo Su, assistant professor of materials science and engineering in the Erik Jonsson School of Engineering and Computer Science and a co-corresponding author of the study. He said the layer helps create pathways that make it easier for ions to move across the interface.

"Imagine mixing two ingredients in a recipe and unexpectedly getting a result that is better than either ingredient alone," Su said. "This effect boosted the movement of ions beyond what either material could achieve by itself.

"This discovery suggests a new way to design better solid electrolytes by carefully choosing materials that interact in a way that enhances ionic movement, potentially leading to better-performing solid-state batteries."

The research is a project of UTD's Batteries and Energy to Advance Commercialization and National Security (BEACONS) initiative, which launched in 2023 with $30 million from the Department of Defense to develop and commercialize new battery technology and manufacturing processes, enhance the domestic availability of critical raw materials, and train high-quality workers for industry.




"Solid-state battery technology is part of our next-gen battery chemistries research at the BEACONS center, and it is expected to enable advanced battery systems to improve the performance of drones for defense applications," said Dr. Kyeongjae Cho, professor of materials science and engineering, director of BEACONS and a co-corresponding author of the study.

Most lithium-ion batteries currently used in consumer products contain liquid electrolytes, which are flammable and can present safety issues. Although conventional lithium-ion batteries are reaching the theoretical limit of how much energy they can store, Su said solid-state batteries show promise for generating and storing more than twice as much power as batteries with liquid electrolytes, and they are safer because they are not flammable.

The development of solid-state batteries faces challenges, however, because it is more difficult to move ions through solid materials. The researchers studied the performance of the solid-state electrolyte compounds lithium zirconium chloride and lithium yttrium chloride and proposed a theory to explain why mixing the materials increased ionic activity.

"The interface formed unique channels for ion transport," Su said.

Su and fellow researchers plan to continue to study how the composition and structure of the interface leads to greater ionic conductivity.

Other UT Dallas researchers who contributed to the work include Dr. Boyu Wang, first author of the study and a postdoctoral researcher with BEACONS; and Dr. Yue Zhou, associate professor of mechanical engineering.

The UTD team collaborated with two researchers from Texas Tech University: Dr. Zeeshan Ahmad, assistant professor of mechanical engineering and a co-corresponding author; and Md Salman Rabbi Limon, a doctoral candidate in mechanical engineering.
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New laser smaller than a penny can measure objects at ultrafast rates | ScienceDaily
Researchers from the University of Rochester and University of California, Santa Barbara, engineered a laser device smaller than a penny that they say could power everything from the LiDAR systems used in self-driving vehicles to gravitational wave detection, one of the most delicate experiments in existence to observe and understand our universe.


						
Laser-based measurement techniques, known as optical metrology, can be used to study the physical properties of objects and materials. But current optical metrology requires bulky and expensive equipment to achieve delicate laser-wave control, creating a bottleneck for deploying streamlined, cost-effective systems.

The new chip-scale laser, described in a paper published in Light: Science & Applications, can conduct extremely fast and accurate measurements by very precisely changing its color across a broad spectrum of light at very fast rates -- about 10 quintillion times per second. Unlike traditional silicon photonics, the laser is made with a synthetic material called lithium niobate and leverages a physical phenomenon known as the Pockels effect, which changes the refractive index of a material when an electric field is present.

"There are several applications we are aiming for that can already benefit from our designs," says Shixin Xue, a PhD student advised by Qiang Lin, the Dean's Professor of electrical and computer engineering and optics, both of whom are among the paper's authors. "The first is LiDAR, which is already used in autonomous vehicles, but a more advanced form known as frequency-modulated continuous-wave LiDAR requires a large tuning range and fast tuning of the laser's frequency, and that's what our laser can do."

The researchers demonstrated how their laser could be used to drive a LiDAR system on a spinning disc and identify the letters U and R made out of toy building blocks. They say that the miniature demonstration could be scaled up to detect vehicles and obstacles at highway speeds and distances.

The researchers also demonstrated how the chip-scale laser could be used for Pound-Drever-Hall (PDH) laser frequency locking, a common technique used to narrow down, stabilize, and reduce a laser's noise.

"It's a very important process that can be used for optical clocks that can measure time with extreme precision, but you need a lot of equipment to do that," says Xue, noting that a typical setup might require instruments the size of a desktop computer such as an intrinsic laser, an isolator, an acoustic optic modulator, and a phase modulator. "Our laser can integrate all of these things into a very small chip that can be tuned electrically."

The research was supported in part by the Defense Advanced Research Projects Agency (DARPA) Lasers for Universal Microscale Optical Systems (LUMOS) and the National Science Foundation.
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Insect protein blocks bacterial infection | ScienceDaily
A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.


						
The collaborative study led by researchers at RMIT University in Australia is the first reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface.

Study lead author Professor Namita Roy Choudhury said the finding is a critical step towards their goal of creating smart surfaces that stop dangerous bacteria, especially antibiotic-resistant ones like MRSA, from growing on medical implants.

"This work shows how these coatings can be adjusted to effectively fight bacteria -- not just in the short term, but possibly over a long period," she said.

Bacteria are often found on implants following surgery, despite sterilisation and infection controls. These can lead to infections requiring antibiotics, but with antibiotic resistance becoming more common, new preventative measures are needed.

"Antibiotic resistance has prompted greater interest in the area of self-sterilising materials and easy preparation of antibacterial surfaces," Choudhury said.

"Therefore, we designed this surface to completely prevent the initial attachment of the bacteria and biofilm formation to decrease the infection rates."

Choudhury said potential applications could include spray coatings for surgical tools, medical implants, catheters and wound dressings.




Resilin to the rescue

Resilin, a protein found in insects, is known for its remarkable elasticity -- it enables fleas to jump more than a hundred times their own height in microseconds -- but it's also extremely resilient and biocompatible.

"These exceptional properties and non-toxic nature make resilin and resilin-mimetic proteins ideal for many applications requiring flexible, durable materials and coatings," Choudhury said.

"These applications range from tissue engineering and drug delivery to flexible electronics and sports equipment, but this is the first work published on its performance as an antibacterial coating."

The team created several forms of coating from altered forms of resilin, then tested their interactions with E.coli bacteria and human skin cells in lab conditions.

The study showed how the altered proteins in nano droplet form known as coacervates were 100% effective at repelling the bacteria, while still integrating well with healthy human cells, a critical part of medical implant success.




Study lead author from RMIT Dr Nisal Wanasingha said the nano droplets' high surface area made them especially good at interacting with and repelling bacteria.

"Once they come in contact, the coating interacts with the negatively charged bacterial cell membranes through electrostatic forces, disrupting their integrity, leading to leakage of cellular contents and eventual cell death," he said.

Wanasingha said the resilin-based coatings not only showed 100% effectiveness in stopping bacteria from attaching to the surface but also offered several advantages compared to traditional approaches.

"Unlike antibiotics, which can lead to resistance, the mechanical disruption caused by the resilin coatings may prevent bacteria from establishing resistance mechanisms," he said.

"Meanwhile, resilin's natural origin and biocompatibility reduce the risk of adverse reactions in human tissues and, being protein-based, are more environmentally friendly than alternatives based on silver nanoparticles."

Next steps

Study co-author Professor Naba Dutta said resilin-mimetic protein is highly responsive to stimuli and changes in its environment, making it potentially tuneable for many functions.

"These early results are very promising as a new way to help improve infection control in hospitals and other medical settings, but now more testing is needed to see how these coatings work against a wider range of harmful bacteria," Dutta said.

"Future work includes attaching antimicrobial peptide segments during recombinant synthesis of resilin-mimics and incorporating additional antimicrobial agents to broaden the spectrum of activity."

Transitioning from lab research to clinical use will require ensuring the formula's stability and scalability, conducting extensive safety and efficacy trials, while developing affordable production methods for widespread distribution, he added.

The study was in collaboration with the ARC Centre of Excellence for Nanoscale BioPhotonics and the Australian Nuclear Science and Technology Organisation (ANSTO).

The team used ANSTO's Australian Centre for Neutron Scattering facilities, and RMIT University's Micro Nano Research Facility and Microscopy and Microanalysis Facility.

The work was funded by the Australia India Strategic Research Fund, Australian Institute of Nuclear Science and Engineering top-up Postgraduate Research Award (PGRA) and supported by the Australian Research Council.
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Research shows how solar arrays can aid grasslands during drought | ScienceDaily
New research from Colorado State University and Cornell University shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.


						
The findings were published in Environmental Research Letters this week. The paper outlines the potential benefits and challenges when photovoltaic (PV) arrays are located in grassland ecosystems. The findings are particularly relevant when considering drought in the arid west and the potential for future climate change.

While solar power systems are a key source of renewable energy, they reduce the amount of sunlight available for plant growth, which could impact these complex ecosystems in ways that reduce the wildlife they support, the carbon they store and the amount of forage they produce for livestock grazing. The work, based on four years of data from an agrivoltaics solar facility in Longmont, Colorado, represents the first effort to field test how co-locating solar and grasslands changes those dynamics.

Colorado's semi-arid grasslands often need more water than is available through precipitation in each season.

The team found that plants beneath and around the solar systems in that environment benefited from partial shading and additional water that collects on panels -- aiding in their fight to survive during the harsh summer months. They found that during a dry year, grass growth on the east side of panels was up to 90% more productive in some cases than the neighboring open site. During wet and normal years, this positive grass production response was reduced, but the east side of the panels still saw more grass production than the control site.

Cornell Postdoctoral Research Associate Matthew Sturchio is an author on the paper along with CSU University Distinguished Professor Alan Knapp. Sturchio was previously part of Knapp's team in the Department of Biology, and he is still an affiliated researcher at CSU.

Sturchio said the results demonstrate the potential of solar land use synergies in grasslands that support both needed renewable power generation and ecosystem stability.




"There have been several studies reporting improved plant and water relations from solar arrays," he said. "However, this is the first analysis that shows how that pattern becomes more pronounced with increasing aridity or dryness like we see in Colorado.

"The most important takeaway here is that even though this solar array was designed to maximize energy generation -- not to promote beneficial environmental conditions for the grasses grown beneath -- it still provided a more favorable environment during a dry year."

Sturchio said those gains could increase if panels were instead designed to maximize their benefits depending on conditions. That may include changing their position to provide shade when air temperatures rise or configuring them to let more light in during key parts of the growing season.

"With small changes in array design, configuration and management, we may even realize untapped benefits, particularly those related to water use," he said.

The paper is part of ongoing research by the pair into agrivoltaics: a dual use approach where solar power infrastructure is designed and placed to also support livestock grazing or pollinator habitats in parallel. Those agricultural options don't require irrigation or machinery. However, because of their heavy reliance on rain to support plant growth, research like this is needed to understand how the addition of panels changes the environment overall.

Knapp and his lab have been studying grasslands at CSU for decades, focusing primarily on how they cope with chronic water stress and drought. He said research in the paper focuses on perennial C3, "cool season" grasses that prefer wetter conditions. The next step will be to study the more common C4 grasses found in the plains of Colorado. Those plants flourish in warmer conditions with lots of sunlight.

"Those grasslands are even more water-limited than the ones we used in this study. Thus, we expect the capability of solar arrays to mitigate water stress may be even greater," Knapp said.

Sturchio added that solar panels may even provide an opportunity to restore grassland ecosystems by promoting diverse plant communities. He said building solar facilities in ecosystems that could benefit from their strategic placement is an obvious win-win.

"We hypothesize that grassland restoration in arid and semi-arid regions could benefit not only from the favorable conditions in solar arrays, but also from the environmental heterogeneity created by panels," he said. "We are excited to test the functional underpinnings of that idea at the newly constructed Shortgrass Ecovoltaic Research Facility in Nunn, Colorado, very soon."
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Engineers develop self-healing muscle for robots | ScienceDaily
A University of Nebraska-Lincoln engineering team is another step closer to developing soft robotics and wearable systems that mimic the ability of human and plant skin to detect and self-heal injuries.


						
Engineer Eric Markvicka, along with graduate students Ethan Krings and Patrick McManigal, recently presented a paper at the IEEE International Conference on Robotics and Automation in Atlanta, Georgia, that sets forth a systems-level approach for a soft robotics technology that can identify damage from a puncture or extreme pressure, pinpoint its location and autonomously initiate self-repair.

The paper was among the 39 of 1,606 submissions selected as an ICRA 2025 Best Paper Award finalist. It was also a finalist for the Best Student Paper Award and in the mechanism and design category.

The team's strategy may help overcome a longstanding problem in developing soft robotics systems that import nature-inspired design principles.

"In our community, there is a huge push toward replicating traditional rigid systems using soft materials, and a huge movement toward biomimicry," said Markvicka, Robert F. and Myrna L. Krohn Assistant Professor of Biomedical Engineering. "While we've been able to create stretchable electronics and actuators that are soft and conformal, they often don't mimic biology in their ability to respond to damage and then initiate self-repair."

To fill that gap, his team developed an intelligent, self-healing artificial muscle featuring a multi-layer architecture that enables the system to identify and locate damage, then initiate a self-repair mechanism -- all without external intervention.

"The human body and animals are amazing. We can get cut and bruised and get some pretty serious injuries. And in most cases, with very limited external applications of bandages and medications, we're able to self-heal a lot of things," Markvicka said. "If we could replicate that within synthetic systems, that would really transform the field and how we think about electronics and machines."

The team's "muscle" -- or actuator, the part of a robot that converts energy into physical movement -- has three layers. The bottom one -- the damage detection layer -- is a soft electronic skin composed of liquid metal microdroplets embedded in a silicone elastomer. That skin is adhered to the middle layer, the self-healing component, which is a stiff thermoplastic elastomer. On top is the actuation layer, which kick-starts the muscle's motion when pressurized with water.




To begin the process, the team induces five monitoring currents across the bottom "skin" of the muscle, which is connected to a microcontroller and sensing circuit. Puncture or pressure damage to that layer triggers formation of an electrical network between the traces. The system recognizes this electrical footprint as evidence of damage and subsequently increases the current running through the newly formed electrical network.

This enables that network to function as a local Joule heater, converting the energy of the electric current into heat around the areas of damage. After a few minutes, this heat melts and reprocesses the middle thermoplastic layer, which seals the damage -- effectively self-healing the wound.

The last step is resetting the system back to its original state by erasing the bottom layer's electrical footprint of damage. To do this, Markvicka's team is exploiting the effects of electromigration, a process in which an electrical current causes metal atoms to migrate. The phenomenon is traditionally viewed as a hindrance in metallic circuits because moving atoms deform and cause gaps in a circuit's materials, leading to device failure and breakage.

In a major innovation, the researchers are using electromigration to solve a problem that has long plagued their efforts to create an autonomous, self-healing system: the seeming permanency of the damage-induced electrical networks in the bottom layer. Without the ability to reset the baseline monitoring traces, the system cannot complete more than one cycle of damage and repair.

It struck the researchers that electromigration -- with its ability to physically separate metal ions and trigger open-circuit failure -- might be the key to erasing the newly formed traces. The strategy worked: By further ramping up the current, the team can induce electromigration and thermal failure mechanisms that reset the damage detection network.

"Electromigration is generally seen as a huge negative," Markvicka said. "It's one of the bottlenecks that has prevented the miniaturization of electronics. We use it in a unique and really positive way here. Instead of trying to prevent it from happening, we are, for the first time, harnessing it to erase traces that we used to think were permanent."

Autonomously self-healing technology has potential to revolutionize many industries. In agricultural states like Nebraska, it could be a boon for robotics systems that frequently encounter sharp objects like twigs, thorns, plastic and glass. It could also revolutionize wearable health monitoring devices that must withstand daily wear and tear.




The technology would also benefit society more broadly. Most consumer-based electronics have lifespans of only one or two years, contributing to billions of pounds of electronic waste each year. This waste contains toxins like lead and mercury, which threaten human and environmental health. Self-healing technology could help stem the tide.

"If we can begin to create materials that are able to passably and autonomously detect when damage has happened, and then initiate these self-repair mechanisms, it would really be transformative," Markvicka said.
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Single-atom catalysts change spin state when boosted by a magnetic field | ScienceDaily
The job of a catalyst is to ultimately speed up reactions, which could reduce an hour-long process into several minutes. It has recently been shown that using external magnetic fields to modulate spin states of single-atom catalysts (SACs) is highly effective -- enhancing oxygen evolution reaction magnetocurrent by a staggering 2,880%.


						
With this in mind, researchers at Tohoku University proposed a completely novel strategy to apply an external magnetic field to modulate spin states, and thereby improve electrocatalytic performance. This study provides valuable insights regarding the development of efficient and sustainable electrochemical technologies for ammonia production and wastewater treatment.

In the field of electrocatalysis, traditional methods mainly focus on adjusting the chemical composition and structure of catalysts. The introduction of magnetic-induced spin state modulation provides a new dimension for catalyst design and performance improvement. It involves the regulation of the electronic spin state of the catalyst through an external magnetic field, which can precisely control the adsorption and desorption processes of reaction intermediates, thus effectively reducing the activation energy of the reaction and allowing it to proceed more quickly.

"More efficient production processes can reduce costs, which may translate into lower prices for products such as fertilizers and treated water at the consumer level," explains Hao Li of Tohoku University's Advanced Institute for Materials Research (WPI-AIMR).

The study used advanced characterization techniques to prove that the magnetic field causes the transition to a high spin state, which improves nitrate adsorption. The theoretical analysis also shows the specific mechanics of why the spin state transition improves the electrocatalytic ability. When exposed to an external magnetic field, the Ru-N-C electrocatalyst demonstrated a high NH3 yield rate (~38 mg L-1 h-1) and a Faradaic efficiency of ~95% for over 200 hours. This represents a significant improvement compared to the exact same catalyst, but without a boost from an external magnetic field.

Ultimately, this work enriches our theoretical understanding of electrocatalysis by exploring the relationship between magnetic fields, spin states, and catalytic performance. At the same time, the experimental results offer a reference for future research and the development of new catalysts, laying a solid foundation for the practical application of electrochemical technologies.

The findings were published in Nano Letters on May 13, 2025.

The APC fees were supported by the Tohoku University Support Program. The key findings from this study are available on the Digital Catalysis Platform (DigCat), the largest experimental and computational catalysis database to date developed by the Hao Li Lab.
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Scientists discover new evidence of intermediate-mass black holes | ScienceDaily
In the world of black holes, there are generally three size categories: stellar-mass black holes (about five to 50 times the mass of the sun), supermassive black holes (millions to billions of times the mass of the sun), and intermediate-mass black holes with masses somewhere in between.


						
While we know that intermediate-mass black holes should exist, little is known about their origins or characteristics -- they are considered the rare "missing links" in black hole evolution.

However, four new studies have shed new light on the mystery. The research was led by a team in the lab of Assistant Professor of Physics and Astronomy Karan Jani, who also serves as the founding director of the Vanderbilt Lunar Labs Initiative. The work was funded by the National Science Foundation and the Vanderbilt Office of the Vice Provost for Research and Innovation.

The primary paper, "Properties of 'Lite' Intermediate-Mass Black Hole Candidates in LIGO-Virgo's Third Observing Run," was published in Astrophysical Journal Letters and led by Lunar Labs postdoctoral fellow Anjali Yelikar and astrophysics Ph.D. candidate Krystal Ruiz-Rocha. The team reanalyzed data from the Nobel-Prize winning Laser Interferometer Gravitational-Wave Observatory (LIGO) detectors in the U.S. and the Virgo detector in Italy.

The researchers found that these waves corresponded to mergers of black holes greater than 100 to 300 times the mass of the sun, making them the heaviest gravitational-wave events recorded in astronomy.

"Black holes are the ultimate cosmic fossils," Jani said. "The masses of black holes reported in this new analysis have remained highly speculative in astronomy. This new population of black holes opens an unprecedented window into the very first stars that lit up our universe."

Earth-based detectors like LIGO capture only a split second of the final collision of these "lightweight" intermediate-mass black holes, making it challenging to determine how the universe creates them. To tackle this, Jani's lab turned to the upcoming European Space Agency and NASA's Laser Interferometer Space Antenna (LISA) mission, launching in the late 2030s.




In two additional studies published in Astrophysical Journal, "A Sea of Black Holes: Characterizing the LISA Signature for Stellar-origin Black Hole Binaries," led by Ruiz-Rocha, and "A Tale of Two Black Holes: Multiband Gravitational-wave Measurement of Recoil Kicks," led by former summer research intern Shobhit Ranjan, the team showed LISA can track these black holes years before they merge, shedding light on their origin, evolution, and fate.

Detecting gravitational waves from black hole collisions requires extreme precision -- like trying to hear a pin drop during a hurricane. In a fourth study also published in Astrophysical Journal, "No Glitch in the Matrix: Robust Reconstruction of Gravitational Wave Signals under Noise Artifacts," the team showcased how artificial intelligence models guarantee that signals from these black holes remain uncorrupted from environmental and detector noise in the data. The paper was led by postdoctoral fellow Chayan Chatterjee and expands upon Jani's AI for New Messengers Program, a collaboration with the Data Science Institute.

"We hope this research strengthens the case for intermediate-mass black holes as the most exciting source across the network of gravitational-wave detectors from Earth to space," Ruiz-Rocha said. "Each new detection brings us closer to understanding the origin of these black holes and why they fall into this mysterious mass range."

Moving forward, Yelikar said the team will explore how intermediate-mass black holes could be observed using detectors on the moon.

"Access to lower gravitational-wave frequencies from the lunar surface could allow us to identify the environments these black holes live in -- something Earth-based detectors simply can't resolve," she said.

In addition to continuing this research, Jani will also be working with the National Academies of Sciences, Engineering, and Medicine on a NASA-sponsored study to identify high-value lunar destinations for human exploration to address decadal-level science objectives.

As part of his participation in this study, Jani will be contributing to the Panel on Heliophysics, Physics, and Physical Science, to identify and articulate the science objectives related to solar physics, space weather, astronomy, and fundamental physics that would be most enabled by human explorers on the moon.

"This is an exciting moment in history -- not just to study black holes, but to bring scientific frontiers together with the new era of space and lunar exploration," Jani said. "We have a rare opportunity to train the next generation of students whose discoveries will be shaped by, and made from, the moon."
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Predicting underwater landslides before they strike | ScienceDaily
Below ocean wind farms, oil rigs and other offshore installations are mammoth networks of underwater structures, including pipelines, anchors, risers and cables, that are essential to harness the energy source. But much like terrestrial structures, these subsea constructions are also vulnerable to natural events, like submarine landslides, that can hamper the productivity of installations below the sea.


						
Researchers at Texas A&M may now be able to accurately predict the occurrence of marine landslides using underwater site characterization data.

"One of the main events threatening onshore and offshore facilities is landslides: They can completely wipe out all these installations," said Zenon Medina-Cetina, associate professor in the Department of Civil & Environmental Engineering. "We show in our paper that information from multiple disciplines in the correct sequence is needed to better understand the probability of landslide development at any place and time."

Before any offshore project begins, such as oil and gas operations or wind farms, a team gathers information about the seabed, sub-seabed and environmental conditions. This site characterization helps to mitigate potential geohazards and informs the design, construction and installation of offshore structures. This process involves the collaborative efforts of a number of personnel, including geophysicists, geomatic technologists, geotechnical engineers and geologists. Medina-Cetina's model calibration methodology uses site characterization information to predict the occurrence of underwater landslides.

My job is to make sure that under any geo-hazardous conditions, these offshore structures are going to be safe and are going to remain where they were designed to be.

Although data from personnel with different expertise are needed to tell the story of the land below the sea, the order in which they perform their tasks toward site characterization is very important. This sequence, if violated due to budgetary or time constraints, could lead to uncertainty in the prediction of landslides.

"It is very important to start with the geophysicist and then bring in the geologist and then have the geomatics group working with the geotechnical engineers," said Medina-Cetina. "As an analogy, imagine that I need to train a baby to walk while teaching it how to run. This is going to be much harder, right? A systematic sequence on the use of evidence ensures that the landslide models are better calibrated by learning from the data as they are being produced."

The researchers noted that companies funding offshore projects typically lose money when they are not confident that the designs of the subsea civil infrastructures can withstand geohazards. Thus, Medina-Cetina and his team's model calibration methodology uses a probabilistic approach called Bayesian statistics to maximize the information produced in site investigation data. This methodology, they demonstrated, increases the accuracy and confidence of the landslide model when it makes predictions.




"My job is to make sure that under any geo-hazardous conditions, these offshore structures are going to be safe and are going to remain where they were designed to be," said Medina-Cetina. "What we're trying to say is it matters how you do the sequence of these site investigations, and how you integrate those data to train the landslide models, so that you can be more confident on the occurrence of potential submarine landslides."

Other contributors to this research are Patricia Varela from Geosyntec Consultants, Inc and Billy Hernawan, a student from the civil and environmental engineering department at Texas A&M.

This research is funded by the Research Partnership to Secure Energy for America and PLENUM Soft.
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Listening to electrons talk | ScienceDaily
Researchers from the MPIK present new experimental and theoretical results for the bound electron g-factor in lithium-like tin which has a much higher nuclear charge than any previous measurement. The experimental accuracy reached a level of 0.5 parts per billion. Using an enhanced interelectronic QED method, the theoretical prediction for the g-factor reached a precision of 6 parts per billion.


						
Quantum electrodynamics - competition for precision

Quantum electrodynamics (QED) is the fundamental theory describing all electromagnetic phenomena including light (photons). At the same time, it is the most precisely tested theory in physics at all. It has been stringently tested in various ways up to 0.1 parts per billion. But it is just the very strength of this theory that drives physicists to test it even more rigorously and to explore its possible limits. Any significant deviation would be a hint for new physics.

QED understands the electromagnetic interaction among charged particles as the exchange of "virtual" photons - the way electrons in an atom "talk" to each other and to the nucleus - and with themselves via emission and reabsorption of a photon, a QED effect called "self energy." Furthermore, it turned out that the physical vacuum is not empty but filled with virtual particles such as electron-positron pairs which appear all the time "out of nothing" but have to disappear within the limits set by the uncertainty principle of quantum physics. Though this might sound spooky, it is just the way to explain the underlying physics of experiments performed in atomic physics already in the 1940s.

A state-of-the-art access to QED phenomena is the so-called g-factor of the electron which describes the relation of its mechanic (intrinsic angular momentum: spin) and magnetic properties. According to Dirac's theory (relativistic quantum mechanics), the g-factor of the free electron should be exactly 2. However, various QED interactions change the g-factor and lead to a small but precisely measurable deviation from the value 2. QED effects depend in a strong nonlinear way on external fields. Electrons experience the extremely high electric field due to the high nuclear charge in heavy elements. The simplest systems are hydrogen-like highly charged ions which have been investigated both theoretically and experimentally with great success [1].

In a joint collaborative experimental-theoretical work, researchers at the Max Planck Institute for Nuclear Physics in Heidelberg have now investigated the g-factor of the outermost bound electron in lithium-like tin. This system is similar to hydrogen but adds the interaction with the two tightly-bound electrons of the inner atomic shell.

Theory: ab initio QED calculations

An ab initio calculation takes into account all electromagnetic interactions among the constituents - here of a Lithium-like ion - on a fundamental level including QED effects up to a certain degree. Electron structure effects where the electrons exchange photons are incorporated into the calculations, as well as QED screening effects, where the electron interacts both with the other electrons and with itself or with the vacuum. The ab initio prediction has been further improved by using the two-loop QED contribution extracted from the recent measurement in hydrogen-like tin [33] scaled to the lithium-like electron case. This yields an "experimentally enhanced" theoretical prediction of




gth = 1.980 354 797(12)

with the uncertainty given in parentheses. Compared to the hydrogen-like case, this is overall a 25-fold improvement.

Experiment: counting spin flips

The measurement of the g factor of the bound electron was performed using the cryogenic Penning trap ALPHATRAP at MPIK. The strong magnetic field inside the trap leads to a characteristic motion of the ion confined by the field as well as to a precession of the spin of the outer electron like a tiny magnetic spinning top. The g factor can be extracted from the ratio of the ion's motional frequency and the precession frequency while the magnetic field is eliminated from this calculation. The ion motion can be detected directly from small induced electric signals in the trap electrodes of the "precision trap." To determine the precession frequency, microwave radiation is sent into the trap which can induce a spin flip, a change of the orientation of the spin (due to quantisation there are only two measurable spin states "up" and "down"). The rate of spin flips reaches a maximum when the microwave matches resonantly the precession frequency.

Results and outlook

The experimental value for the g factor of the lithium-like tin ion is

gexp = 1.980 354 799 750(84)stat(54)sys(944)ext

with the statistical, systematic and external uncertainties given in parentheses. The external uncertainties are dominated by the ion mass uncertainty, currently limiting the experimental accuracy. The overall accuracy is 0.5 parts per billion. The experimental result agrees well with the theoretical prediction given above within the uncertainty of the calculation. On the experimental side it is feasible to improve the precision of the mass value by more than an order of magnitude and consequently enhance the precision of the g factor if motivated by advancements in theory. In the future, measurements of heavier lithium-like systems such as 208Pb79+ and the expected progress in two-loop QED calculations will provide even better tests in the strong electric field regime using highly charged ions. The advanced theoretical methods developed here for interelectronic QED effects can be applied to g-factor calculations of more complex ions (boron- or carbon-like), parity non-conserving transitions in neutral atoms and other effects.
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Does outdoor air pollution affect indoor air quality? It could depend on buildings' HVAC | ScienceDaily
We typically spend 80% of our time indoors, where the quality of the air we breathe depends on the age and type of building we occupy, as well as indoor pollution and outdoor pollution sources. But also playing an important role is the kind of HVAC system used to heat, ventilate and cool the building, according to new research from the University of Utah.


						
Using the Salt Lake City campus as a living laboratory, the College of Engineering teamed up with Facilities Management and occupational and environmental health researchers to explore whether and how outdoor air pollution affects indoor air quality. They found that indoor air quality on campus was generally good. However, depending on a building's HVAC system, fine particulate pollution, or PM2.5, from wildfire smoke can infiltrate buildings, while pollution associated with dust events and winter inversions is kept out.

The study found the issue lies with commercial HVAC systems that use air-side economizers. Using special duct and damper arrangements, this technology reduces energy use by drawing air from outdoors when temperature and humidity levels are optimal, such as cool summer and fall mornings. This helps with energy efficiency, but if the air is smoky that day, the system could pull in particulate pollution and some particles make it past the filters, according to chemical engineering professor Kerry Kelly, who is overseeing the research.

Campus as laboratory

"Our buildings are big and they're complicated, and oftentimes they've been added onto and integrated with different kinds of systems," Kelly said. "So I think the management is challenging, but the good thing is it is a very solvable problem. Even simple solutions like portable air filters do a great job."

The ongoing project deployed low-cost wirelessly connected sensors in 17 indoor and two outdoor locations in an effort to characterize what happens with indoor air quality when particulate pollution is elevated during dust storms, winter inversions and wildfire season -- which present different kinds of PM2.5 and occur at different times of the year.

"We look at the ratio of the indoor particulate matter measurements to that of the outdoor particulate matter measurements. The closer that value gets to one, which means more of the particulate matter is going to be sourced from outdoors versus indoor sources," said study leader Tristalee Mangin, a graduate student in chemical engineering. "We looked at those ratios and then did analyses based on the different groupings of HVAC types."

How smoke differs from dust and inversions




Wildfire smoke had four to five times more PM2.5 infiltration into buildings than pollution from inversions and wind-driven dust events. However, exceedances of international health guidelines only occurred in buildings ventilated with air-side economizers and were still very rare.

The team used small devices designed by Pierre-Emmanuel Gaillardon, professor of electrical and computer engineering, and commercialized through a U startup called TELLUS. The cost per device was just $450, far less than what compliance-grade equipment would cost. They were installed on walls at breathing height in a variety of buildings spread mostly around the main campus.

According to their findings, outdoor pollution arising from wind-blown dust and inversions did not have much effect on indoor air quality, regardless of the HVAC system. This is likely the result of the nature of the PM2.5 associated with those pollution events.

Dust particles are typically larger and heavier than smoke particles, so they tend to fall out of the air and get caught in filters. Inversion particles are a more complicated story.

"It has to do with the thermodynamics of the particles that are in the inversion. Utah's particulate matter is primarily ammonium nitrate, like 60% of our particles," Kelly said. "At indoor temperatures and relative humidities, those particles turn into a gas phase. During an inversion, most of the stuff that's a particle outside is not a particle when it gets inside. It kind of disappears."

Research continues to find solutions

This paper is based on an 18-month study window that ended in April 2024, but the research is ongoing and the monitors remain active and visible. A statement about the research and how it's funded by a Seed2Soil and SCIF grants is posted next to the devices.




Besides shedding light on HVAC systems' strengths and weaknesses for keeping out pollution, the findings are expected to help campus building managers craft operational adjustments to maintain good indoor air quality, particularly during wildfire season. However, the campus's approximately 18 million square feet of building space exhibits great variety that defies a uniform approach, according to co-author Sean Nielson, an engineer with Facilities Management's Sustainability and Energy group.

"Every building and system has unique features," Nielson said. "Looking at buildings and systems individually is something we're going to consider in the future and see what we can do to modify that system."

It will not be a simple matter of just closing dampers on smoky days, but rather adjusting them based on the specific needs of particular buildings.

"You still have code minimum requirements for a certain amount of outside air that must be provided," Nielson said. "A primary reason for outside air is to dilute and flush out indoor contaminants. Finding the ideal balance between outside air and recirculated inside air is difficult due to the high number of variables. Applying higher-rated MERV air filtration is one tool that often works to improve air quality for many applications, but there are limitations as to what contaminants can effectively be filtered and how they can practically be applied to existing equipment.
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New quantum visualization technique to identify materials for next generation quantum computing | ScienceDaily
Scientists at University College Cork (UCC) in Ireland have developed a powerful new tool for finding the next generation of materials needed for large-scale, fault-tolerant quantum computing.


						
The significant breakthrough means that, for the first time, researchers have found a way to determine once and for all whether a material can effectively be used in certain quantum computing microchips.

The major findings have been published today in the academic journal Science and are the result of a large international collaboration which includes leading theoretical work from Prof. Dung-Hai Lee in University of California, Berkeley, and material synthesis from professors Sheng Ran and Johnpierre Paglione in Washington University in St. Louis and the University of Maryland respectively.

Using equipment found in only three labs around the world, researchers at the Davis Group based in UCC were able to definitively determine whether Uranium ditelluride (UTe 2), which is a known superconductor, had the characteristics required to be an intrinsic topological superconductor.

A topological superconductor is a unique material that, at its surface, hosts new quantum particles named Majorana fermions. In theory they can be used to stably store quantum information without being disturbed by the noise and disorder which plague present quantum computers. Physicists have been on the hunt for an intrinsic topological superconductor for decades, but no material ever discovered has ticked all the boxes.

UTe 2 had been considered a strong candidate material for intrinsic topological superconductivity since its discovery in 2019 however no research had definitively evaluated its suitability -- until now.

Using a scanning tunneling microscope (STM) operating in a new mode invented by Seamus Davis, Professor of Quantum Physics at UCC, a team led by Joe Carroll, a PhD researcher at the Davis Group and Kuanysh Zhussupbekov, a Marie Curie postdoctoral fellow, were able to conclude once and for all whether UTe 2 is the right sort of topological superconductor.




The experiments carried out using the "Andreev" STM -- found only in Prof. Davis' labs in Cork, Oxford University in the UK, and Cornell University in New York -- discovered that UTe 2 is indeed an intrinsic topological superconductor, but not exactly the kind for which physicists have been searching.

However, the first-of-its-kind experiment is a breakthrough in itself.

When asked about the experiment Mr. Carroll described it as follows "Traditionally researchers have searched for topological superconductors by taking measurements using metallic probes. They do this because metals are simple materials, so they play essentially no role in the experiment. What's new about our technique is that we use another superconductor to probe the surface of UTe2. By doing so we exclude the normal surface electrons from our measurement leaving behind only the Majorana fermions."

Carroll further highlighted that this technique would allow scientists to determine directly whether other materials are suitable for topological quantum computing.

Quantum computers have the capacity to answer in seconds the kind of complex mathematical problems that would take current generation computers years to solve. Right now, governments and companies around the world are racing to develop quantum processors with more and more quantum bits but the fickle nature of these quantum calculations is holding back significant progress.

Earlier this year Microsoft announced the Majorana 1, which the company has said is "the world's first Quantum Processing Unit (QPU) powered by a Topological Core ."

Microsoft explained that to achieve this advance, synthetic topological superconductors based on elaborately engineered stacks of conventional materials were required.

However the Davis Group's new work means that scientists can now find single materials to replace these complicated circuits, potentially leading to greater efficiencies in quantum processors and allowing many more qubits on a single chip thus moving us closer to the next generation of quantum computing.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Telehealth can improve care for cats with chronic health issues
        Researchers found telehealth visits can improve care for cats with feline arthritis.

      

      
        Collaboration can unlock Australia's energy transition without sacrificing natural capital
        New research demonstrates that with collaboration between stakeholders, Australia can fully decarbonize its domestic and energy export economies by 2060 -- a feat requiring $6.2 trillion USD and around 110,000 square kilomters of land -- while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

      

      
        Eating an array of smaller fish could be nutrient-dense solution to overfishing
        To satisfy the seafood needs of billions of people, offering them access to a more biodiverse array of fish creates opportunities to mix-and-match species to obtain better nutrition from smaller portions of fish.

      

      
        Molecular link between air pollution and pregnancy risks
        A new study found exposure to specific tiny particles in air pollution during pregnancy are associated with increased risk of various negative birth outcomes.

      

      
        Tea, berries, dark chocolate and apples could lead to a longer life span, study shows
        New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.

      

      
        Atmospheric chemistry keeps pollutants in the air
        A new study details processes that keep pollutants aloft despite a drop in emissions.

      

      
        Being in nature can help people with chronic back pain manage their condition
        Researchers asked patients, some of whom had experienced lower back pain for up to 40 years, if being in nature helped them coped better with their lower back pain. They found that people able to spend time in their own gardens saw some health and wellbeing benefits. However, those able to immerse themselves in larger green spaces such as forests felt even more positive, as they were able to lose themselves in the environment and focus more on that than their pain levels. The researchers have rec...

      

      
        Scientists say next few years vital to securing the future of the West Antarctic Ice Sheet
        Collapse of the West Antarctic Ice Sheet could be triggered with very little ocean warming above present-day, leading to a devastating four meters of global sea level rise to play out over hundreds of years according to a new study. However, the authors emphasize that immediate actions to reduce emissions could still avoid a catastrophic outcome.

      

      
        First direct observation of the trapped waves that shook the world in 2023
        A new study has finally confirmed the theory that the cause of extraordinary global tremors in September -- October 2023 was indeed two mega tsunamis in Greenland that became trapped standing waves. Using a brand-new type of satellite altimetry, the researchers provide the first observations to confirm the existence of these waves whose behavior is entirely unprecedented.

      

      
        DNA floating in the air tracks wildlife, viruses -- even drugs
        Environmental DNA from the air, captured with simple air filters, can track everything from illegal drugs to the wildlife it was originally designed to study.

      

      
        Two plant species invent the same chemically complex and medically interesting substance
        The biosynthesis of the great variety of natural plant products has not yet been elucidated for many medically interesting substances. In a new study, an international team of researchers was able to show how ipecacuanha alkaloids, substances used in traditional medicine, are synthesized. They compared two distantly related plant species and were able to show that although both plant species use a comparable chemical approach, the enzymes they need for synthesis differ and a different starting ma...

      

      
        Clinical research on psychedelics gets a boost from new study
        As psychedelics gain traction as potential treatments for mental health disorders, an international study stands to improve the rigor and reliability of clinical research.

      

      
        Baboons walk in line for friendship, not survival, new study finds
        Researchers have discovered that baboons walk in lines, not for safety or strategy, but simply to stay close to their friends.

      

      
        Large-scale immunity profiling grants insights into flu virus evolution
        A new study shows how person-to-person variation in antibody immunity plays a key role in shaping which influenza (flu) strains dominate in a population.

      

      
        Record high: Study finds growing cannabis use among older adults
        Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to a recent analysis.

      

      
        Researchers develop recyclable, healable electronics
        Electronics often get thrown away after use because recycling them requires extensive work for little payoff. Researchers have now found a way to change the game.

      

      
        Geological time capsule highlights Great Barrier Reef's resilience
        New research adds to our understanding of how rapidly rising sea levels due to climate change foreshadow the end of the Great Barrier Reef as we know it. The findings suggest the reef can withstand rising sea levels in isolation but is vulnerable to associated environmental stressors arising from global climate change.

      

      
        The sweet spot: sugar-based sensors to revolutionize snake venom detection
        Researchers have published the first example of a synthetic sugar detection test for snake venom, offering a new route to rapid diagnosis and better antivenoms.

      

      
        Still on the right track? Researchers enable reliable monitoring of the Paris climate goals
        Global warming is continuously advancing. How quickly this will happen can now be predicted more accurately than ever before, thanks to a method developed by climate researchers. Anthropogenic global warming is set to exceed 1.5 degrees Celsius by 2028 and hence improved quantification of the Paris goals is proposed.

      

      
        Coastal flooding more frequent than previously thought
        Flooding in coastal communities is happening far more often than previously thought, according to a new study. The study also found major flaws with the widely used approach of using marine water level data to capture instances of flooding.

      

      
        Nitrogen loss on sandy shores: The big impact of tiny anoxic pockets
        Some microbes living on sand grains use up all the oxygen around them. Their neighbors, left without oxygen, make the best of it: They use nitrate in the surrounding water for denitrification -- a process hardly possible when oxygen is present. This denitrification in sandy sediments in well-oxygenated waters can substantially contribute to nitrogen loss in the oceans.

      

      
        Student discovers long-awaited mystery fungus sought by LSD's inventor
        Making a discovery with the potential for innovative applications in pharmaceutical development, a microbiology student has found a long sought-after fungus that produces effects similar to the semisynthetic drug LSD, which is used to treat conditions like depression, post-traumatic stress disorder and addiction.

      

      
        Synthetic compound shows promise against multidrug resistance
        Researchers have synthesized a new compound called infuzide that shows activity against resistant strains of pathogens.

      

      
        Researchers recreate ancient Egyptian blues
        Researchers have recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.

      

      
        Researchers use deep learning to predict flooding this hurricane season
        Researchers have developed a deep learning model called LSTM-SAM that predicts extreme water levels from tropical cyclones more efficiently and accurately, especially in data-scarce coastal regions, to offer a faster, low-cost tool for flood forecasting.

      

      
        Insect protein blocks bacterial infection
        Scientists have reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface. A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.

      

      
        Human-caused dust events are linked to fallow farmland
        California Central Valley, which is known for the agriculture that produces much of the nation's fruits, vegetables and nuts, is a major contributor to a growing dust problem that has profound implications for people's health, safety and well-being.

      

      
        Research shows how solar arrays can aid grasslands during drought
        New research shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.

      

      
        Air-quality monitoring underestimates toxic emissions to Salton Sea communities, study finds
        Researchers showed that hydrogen sulfide, which is associated with numerous health conditions, is emitted from California's largest lake at levels far higher and more frequently than previously reported.

      

      
        New plant leaf aging factor found
        Researchers have discovered a protein that is involved in plant leaf aging.

      

      
        Mediterranean diet provides symptom relief for patients with IBS in pilot study
        In a comparative pilot study, the Mediterranean diet and the low FODMAP diet both provided relief for patients with IBS.

      

      
        Small currents, big impact: Satellite breakthrough reveals hidden ocean forces
        While scientists have long studied currents of large eddies, the smaller ones -- called submesoscale eddies -- are notoriously difficult to detect. These currents, which range from several kilometers to 100 kilometers wide, have been the 'missing pieces' of the ocean's puzzle -- until now. Using data from the new Surface Water and Ocean Topography (SWOT) satellite, scientists finally got a clear view of these hard-to-see currents, and they are a lot stronger than anyone thought.

      

      
        Scientists find a new way to help plants fight diseases
        Laboratory could improve crop resilience In a discovery three decades in the making, scientists have acquired detailed knowledge about the internal structures and mode of regulation for a specialized protein and are proceeding to develop tools that can capitalize on its ability to help plants combat a wide range of diseases. The work, which exploits a natural process where plant cells die on purpose to help the host plant stay healthy, is expected to have wide applications in the agricultural sec...

      

      
        Single-atom catalysts change spin state when boosted by a magnetic field
        Researchers proposed a novel strategy for using a magnetic field to boost the efficiency of single-atom catalysts -- thus speeding up helpful reactions used for ammonia production and wastewater treatment.

      

      
        Rising soil nitrous acid emissions, driven by climate change and fertilization, accelerate global ozone pollution
        Ozone pollution is a global environmental concern that not only threatens human health and crop production, but also worsens global warming. While the formation of ozone is often attributed to anthropogenic pollutants, soil emissions are revealed to be another important source.

      

      
        The EU should allow gene editing to make organic farming more sustainable, researchers say
        To achieve the European Green Deal's goal of 25% organic agriculture by 2030, researchers argue that new genomic techniques (NGTs) should be allowed without pre-market authorization in organic as well as conventional food production. NGTs -- also known as gene editing --- are classified under the umbrella of GMOs, but they involve more subtle genetic tweaks.

      

      
        Predicting underwater landslides before they strike
        A new method for predicting underwater landslides may improve the resilience of offshore facilities.

      

      
        Long shot science leads to revised age for land-animal ancestor
        The fossils of ancient salamander-like creatures in Scotland are among the most well-preserved examples of early stem tetrapods -- some of the first animals to make the transition from water to land. Thanks to new research, scientists believe that these creatures are 14 million years older than previously thought. The new age -- dating back to 346 million years ago -- adds to the significance of the find because it places the specimens in a mysterious hole in the fossil record called Romer's Gap.

      

      
        Save twice the ice by limiting global warming
        A new study finds that if global warming exceeds the Paris Climate Agreement targets, the non-polar glacier mass will diminish significantly. However, if warming is limited to 1.5 degrees Celsius, at least 54 per cent could be preserved -- more than twice as much ice as in a 2.7 C scenario.

      

      
        Birds nested in Arctic alongside dinosaurs
        Spring in the Arctic brings forth a plethora of peeps and downy hatchlings as millions of birds gather to raise their young. The same was true 73 million years ago, according to a new article. The paper documents the earliest-known example of birds nesting in the polar regions.

      

      
        Leprosy existed in America long before arrival of Europeans
        Long considered a disease brought to the Americas by European colonizers, leprosy may actually have a much older history on the American continent. Scientists reveal that a recently identified second species of bacteria responsible for leprosy, Mycobacterium lepromatosis, has been infecting humans in the Americas for at least 1,000 years, several centuries before the Europeans arrived.

      

      
        Anthropologists spotlight human toll of glacier loss
        Anthropologists have examined the societal consequences of global glacier loss. This article appears alongside new research that estimates that more than three-quarters of the world's glacier mass could disappear by the end of the century under current climate policies.

      

      
        2021's Hurricane Ida could have been even worse for NYC
        Hurricane Ida wreaked an estimated $75 billion in total damages and was responsible for 112 fatalities -- including 32 in New Jersey and 16 in New York state. Yet the hurricane could have been even worse in the Big Apple, find scientists.

      

      
        Does outdoor air pollution affect indoor air quality? It could depend on buildings' HVAC
        Researchers determined how much outdoor particulate pollution affects indoor air quality. Their study concluded pollution from inversion and dust events is kept out of buildings, but wildfire smoke can sneak inside if efficient 'air-side economizers' are in use.

      

      
        Agriculture in forests can provide climate and economic dividends
        Forest-based agroforestry can restore forests, promote livelihoods, and combat climate change, but emerging agroforestry initiatives focusing only on tree planting is leading to missed opportunities to support beneficial outcomes of forest management, scientists found.

      

      
        Evolution of a single gene allowed the plague to adapt, survive and kill much of humanity over many centuries
        Scientists have documented the way a single gene in the bacterium that causes bubonic plague, Yersinia pestis, allowed it to survive hundreds of years by adjusting its virulence and the length of time it took to kill its victims, but these forms of plague ultimately died out.

      

      
        Cellular scaffolding secrets unlocked: Scientists discover key to microtubule growth
        Scientists found out how naturally unstable filaments decide whether to grow or to shorten.

      

      
        Rock record illuminates oxygen history
        A new study reveals that the aerobic nitrogen cycle in the ocean may have occurred about 100 million years before oxygen began to significantly accumulate in the atmosphere, based on nitrogen isotope analysis from ancient South African rock cores. These findings not only refine the timeline of Earth's oxygenation but also highlight a critical evolutionary shift, where life began adapting to oxygen-rich conditions -- paving the way for the emergence of complex, multicellular organisms like humans.
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Telehealth can improve care for cats with chronic health issues | ScienceDaily
Caring for a cat with chronic health conditions can be challenging for all involved, from the process of getting to a veterinary clinic to the stress of being in a strange environment with new smells and animals.


						
Researchers at the University of California, Davis, worked with pet owners across the United States and Canada to determine whether video telehealth visits could help improve care and the home environment for cats with feline degenerative joint disease, commonly referred to as feline arthritis.

The findings, published in the journal Frontiers in Veterinary Science, show that video calls where pet owners can ask questions and get non-medical advice can be beneficial. More than 95% of those who took part in the research said they would pay for telehealth visits, though most were willing to pay a little less than for in-clinic appointments.

"Teleadvice is meant to provide advice and support for caregivers caring for their cats," said lead author Grace Boone, an assistant specialist in the UC Davis Animal Welfare Epidemiology Lab. "We found that overall everybody was quite interested in video telehealth for home management of their cats and their mobility issues."

A common ailment

Routine veterinary care is important to prevent, mitigate and treat health and behavioral problems. And feline arthritis is quite common, present in roughly 6% to 30% of cats under age 10 and from 64% to 92% of those older than 10, Boone said.

"Cats are great at hiding signs of pain," said Carly Moody, senior author on the paper and an assistant animal science professor. "These conditions are prevalent and pain is a serious health and welfare issue that needs to be addressed. Telehealth is beneficial because it allows you to take out that clinic stressor for some aspects of care."

The researchers recruited 106 pet owners whose cats had mobility issues. Each one filled out a questionnaire about their cat's mobility, barriers to getting in-person care and how they felt about telehealth.




Pet owners in the test group took the survey and participated in six video visits -- one every three weeks over four months -- and then retook the survey. The control group only received the questionnaire at the beginning of the research and four months later. A presentation on caring for cats with mobility issues also was offered to all participants at the end.

In the home video session, Boone asked general questions about the cat's wellbeing and mobility, and suggested modifications if owners asked for advice. Suggestions included elevated food and water dishes to ease neck strain, larger litter boxes with shorter walls, and additional steps to access favorite places. Pet owners reported that the visits helped them understand their cats' needs, making them more confident in how they cared for their cats.

"There's a lot of in-home modifications that can be implemented to increase cat comfort in the home," Moody said. "Telehealth allows veterinary professionals to see and understand the cat's home environment and make recommendations which can be helpful for the cat."

Advice not medicine

Telehealth visits don't require a veterinarian. A registered veterinary technician or other knowledgeable staff member can conduct the calls, answer questions and give advice. They are not meant to replace in-person veterinary care but rather supplement it, Moody said.

"There's ways you can incorporate telehealth to make it easier for the owner and the cat and increase the number of visits and support an owner is receiving, particularly when they're caring for a cat that requires chronic high levels of care at home," Moody said.




The visits have the potential to foster better veterinarian-client-patient relationships. "Rather than being something that detracts from in-person care, I think you can improve it and help supplement it," Boone said.

Evaluating changes in the home

Next up is to determine whether recommended changes based on expert advice can improve a cat's wellbeing in the home.

"I think it would be really interesting to look at these interventions and specifically say, 'Are they helpful?' If somebody's not willing to change a lot of things in their home, you could prioritize the ones that make the most difference for the cat's welfare," Moody said.

Moody's lab may also examine whether telehealth could be beneficial for other health issues like obesity and disease prevention.

Hao-Yu Shih from the Mayo Clinic and Daniel Pang, who is affiliated with the University of Calgary and University of Montreal in Canada, contributed to the research. It was supported by the American Society for the Prevention of Cruelty to Animals and the family foundation Maddie's Fund.
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Collaboration can unlock Australia's energy transition without sacrificing natural capital | ScienceDaily
Decarbonizing Australia's economy and protecting the country's most critical natural resources are both possible but will require significant collaboration between energy developers, state and local governments, landowners, and interest groups, according to new research led by Princeton and The University of Queensland.


						
The research, published May 29 in Nature Sustainability, demonstrates that Australia can fully decarbonize its domestic and energy export economies by 2060 while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

"The amount of land required for the energy transition is massive, and the speed at which we need to be deploying renewable infrastructure is unprecedented," said first author Andrew Pascale, research scholar in the Andlinger Center for Energy and the Environment. "At the same time, we've shown here that not only can it be done, but that it can and should be done while incorporating the perspectives of many different stakeholders."

If stakeholders work collaboratively to identify the most suitable areas for development, the researchers found it would be possible to site the over 110,000 square kilometers -- around 1.7 times the size of Tasmania -- of renewable energy infrastructure needed by 2060 to reach net-zero in Australia while preserving lands for biodiversity and agriculture.

If stakeholders refuse to compromise on their interests, however, it would lead not only to higher energy prices but also a clean energy shortfall of almost 500 gigawatts. Such a shortfall would undermine the modeled decarbonization pathway, potentially requiring an unwanted and likely costly pivot to an alternative.

"There are legitimate tensions surrounding renewable energy development," said co-author Chris Greig, theTheodora D. '78 & William H. Walton III '74 Senior Research Scientist in the Andlinger Center for Energy and the Environment. "There are values -- protecting biodiversity, respecting Indigenous estate, supporting farmers -- that must be respected and incorporated into planning processes alongside concerns about the climate."

The researchers drew from their prior work on the Net Zero Australia study, a multi-year, multi-institutional collaboration that charted unique pathways for Australia to fully decarbonize and maintain its domestic and export economy -- a nearly $6.2 trillion task (in 2020 U.S. dollars). During Net Zero Australia, the team consulted with stakeholder groups including the National Farmers Federation, National Native Title Council, and the Australian Conservation Foundation. In the present study, the team drew from those conversations to incorporate stakeholder values about land use into their technoeconomic model, identifying the most suitable lands for renewable energy development and those that should be excluded from consideration.




"In thinking about renewable energy planning, we're taking into account different biodiversity goals and protections for natural capital, which is critical for when you're trying to implement projects," said co-author James Watson, a professor of environmental management at The University of Queensland. "This is among the first works to put biodiversity and natural capital into the same picture as energy planning in Australia, which is a much-needed step in the right direction."

The researchers combined the modeling results and stakeholder input to propose a 'traffic-light' approach for siting renewable infrastructure. They identified where energy projects could be easiest to site (green), where they could be potentially sited pending further stakeholder engagement (orange), and where development would be off-limits (red).

The researchers contrasted their proposed system with the renewable energy zones that the Australian Energy Regulator uses for energy planning, noting that at least two existing renewable energy zones have over 90% overlap with biodiversity exclusion areas.

"There is a difference between modeling a net-zero pathway and planning one," Pascale said. "What looks good from the standpoint of resource quality and proximity to existing infrastructure might not hold when you simultaneously consider biodiversity and other national commitments. If 90% of the land in a proposed renewable energy zone will trigger a response from conservation groups, then it may be time to rethink."

Greig added that at a broader level, the research highlights the importance of flexible, robust net-zero pathways that account for land-use uncertainties. Such a methodology would require moving away from conventional, top-down modeling approaches to flexible pathways that are conscious of different and sometimes competing priorities for natural capital.

"We've identified a need for a government planning and approval process that integrates the diverse interests of energy development, Indigenous land rights, environmental values like biodiversity, and natural resources more broadly," said Greig. "Those perspectives are typically siloed, which is a recipe for decisions that make unacceptable tradeoffs and compromise biodiversity alongside Indigenous and farmers' rights."

The researchers suggested that an immediate planning goal would be to prioritize turning possible development sites (orange) into ones acceptable to diverse stakeholders (green) as quickly as possible.




They also underscored several uncertainties, such as missing critical habitat data for many Australian species and how all species might respond to climate change, which would require greater flexibility within individual transition pathways accompanied by regular model updates. If any unexpected and extreme changes in land availability exceed the flexibility designed in the pathway, the researchers acknowledged that the model's outcomes could change.

However, Watson said that such uncertainties should not prevent planners from using the best available data to take action on renewable energy development.

"We have to deal with the problem we are facing today, thinking about where endangered species are right now and focusing on keeping those habitats intact," said Watson. "We can take action while acknowledging we need better data, which is far preferable to simply forgetting or ignoring biodiversity."

"I see this paper as a wake-up call," he added. "The take-home message is that we need a clean energy future, and that we need to plan for that future -- and the large spatial footprint it will require -- without defeating our other societal goals."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250603172908.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Eating an array of smaller fish could be nutrient-dense solution to overfishing | ScienceDaily
To satisfy the seafood needs of billions of people, offering them access to a more biodiverse array of fish creates opportunities to mix-and-match species to obtain better nutrition from smaller portions of fish.


						
The right combination of certain species can provide up to 60% more nutrients than if someone ate the same quantity of even a highly nutritious species, according to an analysis by Cornell University researchers.

"This research hopefully highlights the importance of biodiversity, not just because of a moral quandary that we're causing a mass extinction on Earth, but also because biodiversity can lead to better outcomes for fishery sustainability," said first author Sebastian Heilpern, a postdoctoral fellow who has done previous research related to this in the Amazon River.

In the study, Heilpern and colleagues began by identifying a list of fish species that people are known to consume. Heilpern cross-checked it with existing nutrient content data for each species. From there, researchers determined the fish species that are found in every country or territory on Earth. The biogeographic and nutrient data was then fed into a computer model.

"We can then ask, out of all these combinations of potential options of species, which ones could we select and how much of each, in a way that would provide us with sufficient nutrition to meet a person's diet [needs] with the lowest amount of fish biomass," Heilpern said.

The model revealed that when fisheries are more biodiverse, an optimal diet that uses the lowest quantity of fish skews towards species with traits that can give them greater resilience to anthropogenic pressures like overexploitation and climate change. Such species tend to be smaller, lower on the food chain, and can be substituted with a wider range of other small species that contain similar levels of nutrients, thereby providing people with many potential alternatives.

Smaller species, like sardines, tend to be more ecologically resilient because they grow at faster rates than larger species. Additionally, optimal species are able to tolerate wider temperature ranges, making them more resilient to climate shocks.

The investigation showed that tropical coastal countries tend to have the most biodiverse fisheries, including countries in the Coral Triangle in the Pacific Ocean, Australia, India and the Amazon. The U.S. has good biodiversity, though Americans tend to consume a select few species; only 10 species account for up to 90% of fish that Americans eat.

The study was funded by the Schmidt Sciences programs, Cornell University, the National Science Foundation, the National Institute of Food and Agriculture, the Air Force Office of Scientific Research, and the David and Lucile Packard Foundation.
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Molecular link between air pollution and pregnancy risks | ScienceDaily

The study, which analyzed blood samples provided by 330 pregnant women from the Atlanta metropolitan area, is believed to be the first to investigate how exposure to ambient fine particulate matter (PM2.5) commonly found in air pollution affects the metabolism of pregnant women and contributes to increased risks of preterm and early term births.

"The link between air pollution and premature birth has been well established, but for the first time we were able to look at the detailed pathway and specific fine particles to identify how they are reflected in the increased risk of adverse birth outcomes," says Donghai Liang, PhD, study lead author and associate professor of environmental health at the Rollins School of Public Health. "This is important because if we can figure out the 'why' and 'how' then we can know better how to address it."

Why This Matters

Previous research has shown pregnant women and fetuses are more vulnerable than other populations to exposure to PM2.5 -- which is emitted from combustion sources such as vehicle exhaust, industrial processes, and wildfires -- including increased likelihood of preterm births (less than 37 weeks of gestation), which is the leading cause of death globally among children under the age of five. Preterm birth is also linked to complications such as cerebral palsy, respiratory distress syndrome, and long-term noncommunicable disease risks, while early term births (37-39 weeks of gestation) are also associated with increased neonatal morbidity and developmental challenges. Approximately 10% of the preterm births in the world are attributable to PM2.5 exposure.

Key Findings
    	This was the first study to uncover the specific pathways and molecules involved in energy and amino acid metabolism that may explain how exposure to PM2.5 contributes to preterm and early term births.
    	The researchers identified two substances -- cortexolone and lysoPE(20:3) -- as factors in the relationship between short-term air pollution exposure and elevated risk of early births, offering a potential mechanism through which air pollution triggers premature labor.
    	The study highlighted disruptions in protein digestion and absorption -- which are vital to fetal development and immune function -- as potential links between air pollution and early births, also offering new potential targets for prevention efforts.
    	Of the 330 women who participated in the Emory study, 66 (20%) delivered preterm babies and 54 (16.4%) delivered early term babies, both of which are significantly higher than the prevalence in the general U.S. population.

What The Experts Say

"As an air pollution scientist, I do not think air pollution is going away anytime soon. Even at lower levels, we continue to see harmful health effects, but we can't just ask people to simply move away from highly polluted areas," Liang says. "So, from a clinical intervention standpoint, that's why it's critical to gain a better understanding on these pathways and molecules affected by pollution. In the future, we may be able to target some of these molecules to develop effective strategies or clinical interventions that could help reduce these adverse health effects."
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Tea, berries, dark chocolate and apples could lead to a longer life span, study shows | ScienceDaily
New research has found that those who consume a diverse range of foods rich in flavonoids, such as tea, berries, dark chocolate, and apples, could lower their risk of developing serious health conditions and have the potential to live longer.


						
The study was led by a team of researchers from Queen's University Belfast, Edith Cowan University Perth (ECU), and the Medical University of Vienna and Universitat Wien.

The findings reveal that increasing the diversity of flavonoids within your diet could help prevent the development of health conditions such as type 2 diabetes, cardiovascular disease (CVD), cancer and neurological disease.

Flavonoids are found in plant foods like tea, blueberries, strawberries, oranges, apples, grapes, and even red wine and dark chocolate.

Published in Nature Food, the study tracked over 120,000 participants aging from 40 to 70 years old for over a decade. It is the first study of its kind to suggest that there is a benefit to consuming a wide range of flavonoids beyond that of simply consuming a high quantity.

ECU Research Fellow, first author and co-lead of the study Dr Benjamin Parmenter, made the initial discovery that a flavonoid-diverse diet is good for health.

"Flavonoid intakes of around 500 mg a day was associated with a 16% lower risk of all-cause mortality, as well as a ~10% lower risk of CVD, type 2 diabetes, and respiratory disease. That's roughly the amount of flavonoids that you would consume in two cups of tea."

Dr Parmenter added, however, that those who consumed the widest diversity of flavonoids, had an even lower risk of these diseases, even when consuming the same total amount. For example, instead of just drinking tea, it's better to eat a range of flavonoid-rich foods to make up your intake, because different flavonoids come from different foods.




"We have known for some time that higher intakes of dietary flavonoids, powerful bioactives naturally present in many foods and drinks, can reduce the risk of developing heart disease, type 2 diabetes, and neurological conditions like Parkinson's," study co-lead Professor Aedin Cassidy from the Co-Centre for Sustainable Food Systems and Institute for Global Food Security at Queen's said.

"We also know from lab data and clinical studies that different flavonoids work in different ways, some improve blood pressure, others help with cholesterol levels and decrease inflammation. This study is significant as the results indicate that consuming a higher quantity and wider diversity has the potential to lead to a greater reduction in ill health than just a single source."

Professor Tilman Kuhn from the Medical University of Vienna, Universitat Wien and Queen's University Belfast was also a co-lead author, noted that the importance of diversity of flavonoid intake has never been investigated until now, making this study very significant as the findings align with popular claims that eating colourful foods are invaluable to maintain good health.

"Eating fruits and vegetables in a variety of colours, including those rich in flavonoids, means you're more likely to get the vitamins and nutrients you need to sustain a healthier lifestyle," he said.

The first-ever dietary guidelines for flavonoids were released recently recommending increasing the consumption of flavonoids to maintain health.

"Our study provides inaugural evidence that we may also need to advise increasing diversity of intake of these compounds for optimal benefits," Dr Parmenter said.

"The results provide a clear public health message, suggesting that simple and achievable dietary swaps, such as drinking more tea and eating more berries and apples for example, can help increase the variety and intake of flavonoid-rich foods, and potentially improve health in the long-term," Professor Cassidy added.
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Atmospheric chemistry keeps pollutants in the air | ScienceDaily
Nitrates in the atmosphere reduce air quality and play an important role in climate change. An international team led by Hokkaido University researchers has revealed how chemical processes in the atmosphere have led to persistently high nitrate levels despite a reduction in emissions over the past few decades. These findings, published in Nature Communications, will help improve climate modelling by refining our ability to assess and predict atmospheric nitrate levels.


						
Atmospheric nitrate levels peaked between 1970 and 2000. The levels decreased somewhat with the decrease in the emission of nitrate precursors since the 1990s, but the drop in nitrate levels is smaller than the drop in the emission of precursors -- something is keeping nitrates in the atmosphere.

Nitrates can exist in either a gaseous or particulate form in the atmosphere. Gaseous nitrate is more easily deposited out of the atmosphere, while the particulate form -- particularly finer particles -- can be transported over long distances. Understanding the balance between gaseous and particulate nitrates is therefore important in getting a picture of the atmospheric dynamics and persistence of nitrates.

The persistence of atmospheric nitrates in source regions is explained by a buffering effect, where gaseous nitrates are converted to particulate nitrates, contributing to their persistence. The impact of this buffering over long timescales and at long ranges is unclear, but nitrates deposited in Arctic ice cores show the same patterns as atmospheric nitrates. These sites are far from the sources, so the continuing high deposition rates don't reflect local processes near the source but must be due to atmospheric transport and other processes in the atmosphere.

To understand these dynamics, a research team led by Professor Yoshinori Iizuka at the Institute of Low Temperature Science, Hokkaido University, examined the nitrate deposition history from 1800 to 2020 in an ice core taken from southeastern Greenland. As expected, nitrate levels within the core increased from the 1850s, peaking between the 1970s and 2000s before declining somewhat but remaining high. Overall, the increase in nitrates up to the 1970s happened more gradually than the increase in precursors, and the decrease after the 1990s was also slower and smaller than the decrease in precursor emission.

The delayed effect and persistence of nitrates indicates factors other than the emission of precursors are affecting nitrate levels. The researchers investigated these factors with a global chemical transport model and found that the difference between nitrate and precursor levels correlated with atmospheric acidity and not with other meteorological factors, such as air temperature.

In other words, the persistence of nitrates has been driven by chemical processes happening in the atmosphere rather than meteorological conditions or atmospheric dynamics. Changes in atmospheric acidity altered the proportion of nitrate that was gaseous or particulate. This affects the lifetime of nitrates in the atmosphere. Atmospheric acidity has increased the fraction of nitrates in particulate form, enabling this pollutant to persist longer and travel farther.

"Ours is the first study to present accurate information for records of particulate nitrates in ice cores, which has been a very challenging problem," says Iizuka. "As it is more difficult to reduce anthropogenic emissions of substances that lead to increased nitrates, accurate measurements of particulate nitrates in the ice cores provides data for increasing the accuracy of predicting the amplification of Arctic warming in the future."

"It was difficult to present accurate nitrate from ice cores, but our team was able to do so this time." says Iizuka. "In the future, nitrate will replace sulfate as the primary aerosol in the Arctic, suggesting this result leads to the higher accuracy of future predictions of Arctic warming amplification."
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Being in nature can help people with chronic back pain manage their condition | ScienceDaily
ing time in or around nature can provide people suffering from chronic lower back pain with a degree of escapism that helps them better manage their physical discomfort, a new study has shown.


						
The research, published in The Journal of Pain, is the first of its kind to ask people experiencing chronic lower back pain - in some cases for almost 40 years - about the role nature plays in any coping strategies they employ to help manage their condition.

The researchers found that people able to get out in nature said it enabled them to connect with others on a social level whereas they might otherwise spend the majority of their time indoors and isolated.

It provided them with a degree of distraction from their pain and a sense of escapism from their daily lives, and they enjoyed the opportunity to exercise in pleasant surroundings, preferring it to gyms or similar settings.

In addition, natural features such as fresh air and the sound and visual presence of water, the interviewees said, helped give them a feeling of tranquillity that relieved the stresses and anxieties created by their pain levels.

However, they did have concerns about the accessibility of some spaces, with factors such as unsteady or uneven terrain and a lack of seating having the potential to reduce their enjoyment of - and making them less inclined to visit - certain places.

Based on their findings, the researchers have recommended that people with chronic lower back pain - and the clinicians treating them - give greater consideration to the role nature can play in their health and wellbeing, and suggested natural spaces could be adapted to incorporate more accessible design features.




They are also working with people with varying forms of chronic pain to develop and test virtual reality innovations that may enable them to experience the benefits of being in nature on occasions where they can't physically access them.

The study was conducted by experts in pain management and environmental psychology at the University of Plymouth and University of Exeter, and is based on interviews with 10 people who had experienced chronic lower back pain for between five and 38 years.

Alexander Smith, a PhD researcher in the University of Plymouth's School of Psychology and the study's lead author, said: "Lower back pain, like many other forms of physical discomfort, can be debilitating, isolating and exhausting. But amid a push for novel and more holistic therapies to treat chronic pain, nature has been suggested as a potential option. Our research showed that those able to get out into nature saw the benefits of doing so, both from a physical and a mental perspective. Simple changes, such as better paths and seating, and technological innovations including virtual reality may help make those benefits accessible to everyone. But we hope our findings open the door to greater exploration of how that might be achieved."

Dr Sam Hughes, Senior Lecturer in Pain Neuroscience at the University of Exeter and the study's senior author, added: "This study addresses important questions about health equity and the significant physical barriers faced by people living with chronic pain in accessing natural spaces. Many individuals encounter substantial obstacles, including uneven terrain, limited seating, or difficulties leaving their homes, making it challenging for them to benefit from the restorative properties of nature. We think that future research could use immersive technologies, such as virtual reality, to help overcome these barriers which would enable individuals to experience the benefits of nature without needing to physically navigate inaccessible environments. This could significantly enhance inclusivity and accessibility in chronic pain management strategies in the future."
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Scientists say next few years vital to securing the future of the West Antarctic Ice Sheet | ScienceDaily
Collapse of the West Antarctic Ice Sheet could be triggered with very little ocean warming above present-day, leading to a devastating four metres of global sea level rise to play out over hundreds of years according to a study now published in Communications Earth & Environment, co-authored by the Potsdam Institute for Climate Impact Research (PIK). However, the authors emphasise that immediate actions to reduce emissions could still avoid a catastrophic outcome.


						
Scientists at PIK, the Norwegian research centre NORCE and Northumbria University in the United Kingdom conducted model simulations going back 800,000 years to give an extended view of how the vast Antarctic Ice Sheet has responded in the past to the Earth's climate as it moved between cold "glacial" and warmer "interglacial" periods.

"In the past 800,000 years, the Antarctic Ice Sheet has had two stable states that it has repeatedly tipped between. One, with the West Antarctic Ice Sheet in place, is the state we are currently in. The other state is where the West Antarctic Ice Sheet has collapsed," lead author David Chandler from NORCE commented.

The major driver of change between the two states is rising ocean temperatures around Antarctica, because the heat melting the ice in Antarctica is supplied mostly by the ocean, rather than the atmosphere. Once the ice sheet has tipped to the collapsed state, reversal back to the stable present-day state would need several thousands of years of temperatures at or below pre-industrial conditions.

"Once tipping has been triggered it is self-sustaining and seems very unlikely to be stopped before contributing to about four meters of sea-level rise. And this would be practically irreversible," Chandler said.

"It takes tens of thousands of years for an ice sheet to grow, but just decades to destabilise it by burning fossil fuels. Now we only have narrow window to act," said co-author Julius Garbe from PIK.
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First direct observation of the trapped waves that shook the world in 2023 | ScienceDaily
In September 2023, a bizarre global seismic signal was observed which appeared every 90 seconds over nine days -- and was then repeated a month later. Almost a year later, two scientific studies proposed that the cause of these seismic anomalies were two mega tsunamis which were triggered in a remote East Greenland fjord by two major landslides which occurred due to warming of an unnamed glacier. The waves were thought to have become trapped in the fjord system, forming standing waves (or seiches) that undulated back and forth, causing the mystery signals.


						
However, up to now no observations of these seiches existed to confirm this theory. Even a Danish military vessel which visited the fjord three days into the first seismic event did not observe the wave which was shaking the Earth.

In the new study, the Oxford researchers used novel analysis techniques to interpret satellite altimetry data. This measures the height of the Earth's surface (including the ocean) by recording how long it takes for a radar pulse to travel from a satellite to the surface and back again. Up to now, conventional satellite altimeters were not able to capture evidence of the wave due to long gaps between observations, and the fact that they sample data directly beneath the spacecraft, producing 1D profiles along the sea-surface. This makes them incapable of depicting the differences in water height needed to spot the waves.

This study used data captured by the new Surface Water Ocean Topography (SWOT) satellite, launched in December 2022 to map the height of water across 90% of Earth's surface. At the heart of SWOT is the cutting-edge Ka-band Radar Interferometer (KaRIn) instrument, which uses two antennas mounted on a 10-meter boom on either side of the satellite. These two antennas work together to triangulate the return signals that bounce back from the radar pulse -- enabling them to measure ocean and surface water levels with unprecedented accuracy (up to 2.5 meters resolution) along a swath 30 miles (50 kilometers) wide.

Using KaRIn data, the researchers made elevation maps of the Greenland Fjord at various time points following the two tsunamis. These showed clear, cross-channel slopes with height differences of up to two metres. Crucially, the slopes in these maps occurred in opposite directions, showing that water moved backwards and forwards across the channel.

To prove their theory, the researchers linked these observations to small movements of the Earth's crust measured thousands of kilometres away. This connection enabled them to reconstruct the characteristics of the wave, even for periods which the satellite did not observe. The researchers also reconstructed weather and tidal conditions to confirm that the observations could not have been caused by winds or tides.

Lead author Thomas Monahan (DPhil student, Department of Engineering Science, University of Oxford) said: "Climate change is giving rise to new, unseen extremes. These extremes are changing the fastest in remote areas, such as the Arctic, where our ability to measure them using physical sensors is limited. This study shows how we can leverage the next generation of satellite earth observation technologies to study these processes."

"SWOT is a game changer for studying oceanic processes in regions such as fjords which previous satellites struggled to see into."

Co-author Professor Thomas Adcock (Department of Engineering Science, University of Oxford) said: "This study is an example of how the next generation of satellite data can resolve phenomena that has remained a mystery in the past. We will be able to get new insights into ocean extremes such as tsunamis, storm surges, and freak waves. However, to get the most out of these data we will need to innovate and use both machine learning and our knowledge of ocean physics to interpret our new results."
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DNA floating in the air tracks wildlife, viruses -- even drugs | ScienceDaily
Dublin is known as a city where you can enjoy a few pints of Guiness, get a warm welcome from the locals and hear lively traditional music drifting out of pubs and into the city air.


						
But it's not just music floating on the breeze. The air of Dublin also contains cannabis, poppy, even magic mushrooms -- at least their DNA.

That's according to a new study that reveals the power of DNA, vacuumed up from the air, which can track everything from elusive bobcats to illicit drugs.

"The level of information that's available in environmental DNA is such that we're only starting to consider what the potential applications can be, from humans, to wildlife to other species that have implications for human health," said David Duffy, Ph.D., a professor of wildlife disease genomics at the University of Florida and lead author of a new study showing the widespread utility of DNA vacuumed from the air.

Housed at UF's Whitney Laboratory for Marine Bioscience, Duffy's lab developed new methods for deciphering environmental DNA, also known as eDNA, to study sea turtle genetics. They've expanded the tools to study every species -- including humans -- from DNA captured in environmental samples like water, soil and sand.

But these errant strands of DNA do not just settle into muddy soil or flow along rivers. The air itself is infused with genetic material. A simple air filter running for hours, days or weeks can pick up signs of nearly every species that grows or wanders nearby.

"When we started, it seemed like it would be hard to get intact large fragments of DNA from the air. But that's not the case. We're actually finding a lot of informative DNA," Duffy said. "That means you can study species without directly having to disturb them, without ever having to see them. It opens up huge possibilities to study all the species in an area simultaneously, from microbes and viruses all the way up to vertebrates like bobcats and humans, and everything in between."

As a proof of concept, the researchers showed that they could pick up signs of hundreds of different human pathogens from the Dublin air, including viruses and bacteria. Such surveillance could help scientists track emerging diseases. The same method can track common allergens, like peanut or pollen, more precisely than is currently possible, the scientists discovered.




In another test of the power of eDNA, Duffy's lab was also able to identify the origin of bobcats and spiders whose DNA was hoovered up from air in a Florida forest. With little more than an air filter, scientists could track endangered species and identify where they came from, all without having to lay eyes on skittish animals or root around forest floors for scat samples. When trying to save and conserve wildlife, knowing where an animal originates from can be as important as knowing where it currently is.

This powerful analysis was paired with impressive speed and efficiency. The team demonstrated that a single researcher could process DNA for every species in as little as a day using compact, affordable equipment, and software hosted in the cloud. That quick turnaround is orders of magnitude faster than would have been possible just a few years ago and opens up advanced environmental studies to more scientists around the world. The same tools can potentially identify sensitive human genetic data, which is why Duffy and his collaborators have called for ethical guardrails for the rapidly developing field of eDNA.

"It seems like science fiction, but it's becoming science fact," Duffy said. "The technology is finally matching the scale of environmental problems."
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Two plant species invent the same chemically complex and medically interesting substance | ScienceDaily
The elucidation of the biosynthetic pathway of ipecacuanha alkaloids shows how two distantly related plant species could develop the same substance independently.


						
Plants produce an enormous abundance of natural products. Many plant natural products are ancestry-specific and occur only in certain plant families, sometimes only in a single species. Interestingly, however, the same substances can sometimes be found in distantly related species. In most cases, however, only the end product is known and it is largely unclear how these substances are produced in plants. Ipecacuanha alkaloids occur in two distantly related plant species known as medicinal plants: in ipecac Carapichea ipecacuanha, which belongs to the gentian family, and in the sage-leaved alangium (Alangium salviifolium), which belongs to the dogwood family and is known from Ayurvedic medicine.

Earlier studies had already shown that both species produce ipecacuanha alkaloids. In particular, the extract of ipecac ("Ipecac syrup") was a widely used pharmacy-only medication until the 1980s (especially in North America), used to induce vomiting in cases of poisoning. The active emetic substances are cephaelin and emetine, both of which are derived from the precursor protoemetine, but it was largely unknown how they produce these. In only two small studies had some enzymes been identified in ipecac, but most of the enzymes were unknown and no enzymes were known at all in Alangium.

For Maite Colinas, first author of the study and project group leader in the Department of Natural Product Biosynthesis at the Max Planck Institute for Chemical Ecology, Jena, the key questions were: "The last common ancestor of these species lived more than 100 million years ago, so we hypothesized that the two species had independently developed ways to produce ipecac alkaloids. A key question was whether they had found the same or different pathways to produce these compounds, both chemically and enzymatically."

Initially, the team found that ipecac alkaloids are present to some extent in all plant tissues of both species, but much higher amounts occur in young leaf tissues and in underground plant organs. By comparing tissues with high and low levels of ipecac alkaloids, genes that could be involved in the biosynthesis were identified. Further tests and genetic transformation of a model plant allowed the stepwise reconstruction of the biosynthetic pathway in both species. The pathway held a few surprises in store; contrary to expectations, the first step in the biosynthesis does not appear to be controlled by an enzyme, but instead occurs spontaneously. Another surprise was the involvement of an unusual enzyme. Its three-dimensional structure was completely different from all other enzymes that catalyze the same reaction, namely the cleavage of a sugar molecule. "This class of enzymes is usually not involved in the production of natural products. This is probably also the reason why it was the last enzyme we identified in this study," reports Maite Colinas.

Interestingly, the sugar-cleaving enzyme was detected in the cell nucleus, while the substrate is thought to be located in the vacuole. After the sugar has been cleaved, the substances are highly reactive and thus likely to be toxic. By spatially separating the substrate and enzyme, the plant avoids the presumed toxic accumulation of these toxic compounds. However, if a herbivore, such as a caterpillar, eats from the plant, the cells are destroyed, enzyme and substrate come together and the toxic substances are only formed as defensive substances when they are needed. Similar defense systems with spatial separation of enzyme and substrate have already been described for other natural products, for example for glucosinolates, saponins or monoterpenoid indole alkaloids. Plants repeatedly use the same defense mechanisms and use chemically completely different compounds.

A comparison of the enzymes involved in the biosynthesis of the two plant species suggests that they have evolved the production of the same group of alkaloids independently of each other in the course of evolution. "Since the biosynthesis of ipecac alkaloids appears to have evolved independently, this pathway may serve as a model for research into the evolution of natural product pathways. Downstream metabolites, particularly in Alangium (e.g. tubulosin), also have interesting pharmacological effects, but their specific effects have not been well studied due to their low abundance. Therefore, our research could help to produces these substances in larger quantities in the future, so that their pharmacological activities can be investigated in more detail," explains Sarah O'Connor, head of the Department of Natural Product Biosynthesis at the MPI for Chemical Ecology, the significance of the study.

In further work, the final steps of the biosynthesis are to be elucidated, because so far, the entire metabolic pathway has only been demonstrated up to the central intermediate protoemetin, but the steps to the end products are still missing.
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Clinical research on psychedelics gets a boost from new study | ScienceDaily
As psychedelics gain traction as potential treatments for mental health disorders, an international study led by researchers at McGill University, Imperial College London, and the University of Exeter stands to improve the rigour and reliability of clinical research.


						
Up to now, psychedelic clinical trials have had what has been widely acknowledged as a critical flaw: the failure to properly account for how a person's mindset and surroundings influence the effects of psychedelics such as MDMA and psilocybin. This gap has led to inconsistent study results, making regulatory approval more difficult.

To address this, the researchers conducted a Delphi consensus study, bringing together 89 experts from 17 countries for a multi-round debate. The result is the Reporting of Setting in Psychedelic Clinical Trials (ReSPCT) guidelines, published in Nature Medicine, a 30-item checklist, representing the first global agreement on which psychosocial factors have the greatest impact on a psychedelic experience.

"For decades, we've known that psychedelics don't work in isolation. The person's mindset, the therapy room, even the music playing all influence outcomes," said co-lead author Chloe Pronovost-Morgan, a researcher at McGill University and Imperial College London. "Two trials using the same psychedelic drug, at the same dose, can produce completely different results depending on the environment."

This approach challenges the way psychoactive drugs are typically studied, where scientists try to control or eliminate outside variables to isolate a drug's effects. These guidelines recognize that context is crucial and should be studied directly.

Why guidelines matter

By offering a standard framework for evaluating and reporting these variables, the guidelines aim to make trial outcomes more consistent and comparable across studies.




Leor Roseman from the University of Exeter is co-senior author and said: "Having clear guidelines for contextual considerations is essential to understand the effects of psychedelics and how they work differently from other psychiatric medications. Our guidelines will also help in replicating results and understanding the true therapeutic potential of psychedelics."

The lack of standards has had consequences beyond the research lab, Pronovost-Morgan explained. The U.S. Food and Drug Administration recently rejected MDMA-assisted therapy for post-traumatic stress disorder, citing inconsistent reporting across trials as a key reason for the decision.

"There is immense public interest in psychedelic therapies, particularly for individuals suffering from debilitating mental health conditions like PTSD, depression and anxiety, which have not responded to existing treatments," said co-senior author Kyle Greenway, Assistant Professor in McGill's Division of Social and Transcultural Psychiatry and a researcher at the Lady Davis Institute for Medical Research.

"Our guidelines offer a new gold standard for psychedelic research, helping bring these treatments to those who need them most."

The research team is organizing a three-day workshop in October, funded by McGill's Healthy Brains, Healthy Lives initiative, where leading experts in psychedelics and neuroscience will discuss how the guidelines can be integrated into research and clinical practice.
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Baboons walk in line for friendship, not survival, new study finds | ScienceDaily
Researchers at Swansea University have discovered that baboons walk in lines, not for safety or strategy, but simply to stay close to their friends.


						
Baboons often travel in structured line formations known as 'progressions' as they move through their home range. Previous studies offered conflicting explanations for this behavior. Some proposed that the order was random, while others argued that baboons strategically positioned themselves, with vulnerable individuals walking in the center to reduce their risk of attack.

Now, using high-resolution GPS tracking, researchers from Swansea University have re-examined this behavior in a group of wild chacma baboons (Papio ursinus) on South Africa's Cape Peninsula. Their findings, published in the journal Behavioral Ecology, reveal that baboon movement patterns are driven by social bonds rather than survival strategies.

The team analysed 78 travel progressions over 36 days and showed that the order in which the individual baboons travelled were not random.

The researchers tested four potential explanations for the baboon progression order:
    	Protecting the vulnerable (risk hypothesis)
    	Competing for resources (competition hypothesis)
    	Following leaders (group decision-making hypothesis)
    	Patterns emerging from social relationships (social spandrel hypothesis)

After analysing the data, the researchers found that the baboons' movement patterns were driven solely by their social relationships.

Dr Andrew King, Associate Professor at Swansea University said: "Surprisingly, the consistent order we see for the baboons we studied isn't about avoiding danger like we see in prey animals when they position themselves in the middle of their social group, or for better access to food or water like we see in like we see in the movements of plains zebra. Instead, it's driven by who they're socially bonded with. They simply move with their friends, and this produces a consistent order.

"In the baboon group we studied, the more socially connected, higher-ranking individuals usually walk in the middle of the group, while lower-ranking baboons are often out in front or at the rear. During these group movements -- like heading to a familiar sleeping spot -- it's likely that the group already knows where they're going. So, the baboons at the front aren't really leading; they're just out ahead."

This finding introduces the concept of a 'social spandrel'. In buildings, spandrels are the triangular spaces that emerge as by-products when arches are placed side by side. In biology, a spandrel refers to a trait that arises not because it was directly selected for, but as a side effect of something else. In this case, the consistent travel patterns among baboons emerge naturally from their social affiliations with each other, and not as an evolved strategy for safety or success.

Marco Fele, the study's lead author and PhD student at Swansea University, said: "We know that strong social bonds are important for baboons -- they're linked to longer lives and greater reproductive success. But in this context, those bonds aren't serving a specific purpose. The travel order we see is simply a by-product of those relationships, not a strategy with immediate benefits. Our study highlights the potential for these kinds of spandrels in collective animal behaviour."
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Large-scale immunity profiling grants insights into flu virus evolution | ScienceDaily
A new study has shown that person-to-person variation in antibody immunity plays a key role in shaping which influenza (flu) strains dominate in a population.


						
The work, published today as a Reviewed Preprint in eLife, uses a high-throughput sequencing-based assay to quantify antibody immunity against circulating H3N2 flu strains in both children and adults. The editors describe this as an important study that advances our understanding of population-level immunity, and say that the strength of evidence is compelling. The work will be of interest to immunologists, virologists, vaccine developers and researchers working on mathematical modelling of infectious diseases.

Flu viruses accumulate mutations that help them evade antibodies generated by the immune system after prior infections or vaccinations. This process means that people can be reinfected with the flu multiple times in their lives, and vaccines must be regularly updated to remain effective. The human immune response to flu is shaped by a variety of factors, including the strains an individual has previously encountered.

"Differences in infection and vaccination histories within a group of people mean that population immunity to a specific variant of the flu is highly varied," says co-lead author Caroline Kikawa, an MD/PhD student in the Department of Genome Sciences, University of Washington, Seattle, USA, and the Division of Basic Sciences and Computational Biology Program, Fred Hutch Cancer Center, Seattle, USA. "Understanding how this variety in antibodies across a population affects the evolutionary success of new flu strains has remained challenging, in part because conventional methods to quantify antibody levels are too slow and can only assess a handful of samples at a time." Kikawa served as lead author of the study alongside Andrea Loes, Staff Scientist and Lab Manager at senior author Jesse Bloom's lab, Division of Basic Sciences and Computational Biology Program, Fred Hutch Cancer Center.

To address this challenge, Kikawa, Loes and colleagues developed a high-throughput neutralisation assay to measure how well individual serum samples - the component of blood that contains antibodies - can block infection by a panel of different flu viruses. High-throughput refers to the assay's ability to process large amounts of data simultaneously.

The team produced viruses expressing 78 distinct hemagglutinin (HA) proteins from 2023-circulating flu viruses and recent vaccine strains, and tagged each one with a unique genetic 'barcode'. HA proteins are a part of the virus recognised by antibodies, and can rapidly change to evade the immune response. The team mixed these viruses with sera and used a technique called Illumina sequencing to quantify how well each virus was neutralised.

Using this approach, the researchers measured neutralisation titers - a measurement of how much serum is needed to neutralise the virus - against the 78 flu variants using 150 serum samples, from children and adults, collected in 2023 in the US. In total, they generated over 11,000 individual titer measurements, creating a detailed snapshot of population immunity at the start of the 2023-2024 flu season.




The results showed wide variation in neutralisation responses between individuals. For example, some of the sera collected from children strongly neutralised nearly all tested strains, while others had a much weaker response. Adults generally showed more consistent immunity, but still displayed considerable variation individually. Overall, the highest rates of neutralisation responses were found in a subset of children, consistent with the idea that neutralising antibody responses are highest to strains encountered during the first decades of life. It could also be that children are more prone to flu and could therefore be more likely to have recent immunological boosting. These findings highlight that immunity to the flu is highly personalised.

To evaluate how this variation affects virus evolution, the researchers compared neutralisation titers with the growth rates of each viral strain during the 2023 flu season. They used a statistical model called multinomial logistic regression to analyse how the frequency of each strain changed over time in the human population, and compared this to the fraction of serum samples that had low neutralisation titers against each strain.

They found that the strains that spread most successfully were those that escaped neutralisation in a larger fraction of the sera. Specifically, strains were more likely to grow in frequency when a high percentage of individuals had titers below a threshold, indicating weaker immunity against that strain. This suggests that large-scale sequencing-based neutralisation assays can help inform our understanding of flu virus evolution.

This relationship held when neutralisation was measured using individual sera, but not when the sera were pooled together. In some virus surveillance systems, pooled serum samples are used to estimate population immunity. However, this finding suggests that pooled measurements may fail to capture the full range of responses seen in individuals.

"Our findings show that individual-level immune variation, not just average immunity across the population, is a key factor in determining which flu strains are most successful," says Loes.

While the study involved a large number of titer measurements, the authors note that the samples were collected from a limited set of locations and age groups. Most child samples came from a hospital in Seattle, while adult samples were drawn from vaccinated cohorts in Philadelphia and Australia. As a result, the dataset may not fully reflect global patterns of immunity.

"This is nevertheless one of the largest datasets linking human antibody immunity to the success of flu virus strains in a population," says senior author and HHMI Investigator Jesse Bloom, Professor in the Basic Sciences Division and Herbold Computational Biology Program at Fred Hutch Cancer Center, and Affiliate Professor of Genome Sciences at the University of Washington. "It provides a framework for understanding how diverse immune histories can affect viral evolution. These methods could complement existing surveillance systems and support vaccine composition decisions by providing more detailed insights into population immunity."
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Record high: Study finds growing cannabis use among older adults | ScienceDaily
Marijuana use among older adults in the US has reached a new high, with 7 percent of adults aged 65 and over who report using it in the past month, according to an analysis led by researchers with the Center for Drug Use and HIV/HCV Research (CDUHR) at the NYU School of Global Public Health.


						
Their findings, published in JAMA Internal Medicine, also show that the profile of those who use cannabis has changed in recent years, with pronounced increases in use by older adults who are college-educated, married, female, and have higher incomes.

"Our study shows that cannabis use among older adults continues to increase, although there have been major shifts in use according to demographic and socioeconomic factors," said Joseph Palamar, PhD, MPH, an associate professor of population health at NYU Grossman School of Medicine, an affiliated researcher with CDUHR, and the study's senior author.

Most Americans live in a state where marijuana has been legalized for medical use, recreational use, or both. To better understand the prevalence of marijuana use among older adults in the US, researchers examined data from the National Survey on Drug Use and Health from 2021 through 2023. The respondents, who were 65 and older, were asked about past-month cannabis use, which was defined as "current" use.

"This is the first time we were able to examine 'current' use of cannabis in this age group. Before, we were only able to look at past-year use because the numbers for current use were too small," said Benjamin Han, MD, MPH, associate professor and associate chief of research in the Division of Geriatrics, Gerontology, and Palliative Care at the University of California San Diego and the study's first author.

The researchers found that current cannabis use among older adults grew to 7 percent in 2023, up from 4.8 percent in 2021 and 5.2 percent in 2022 -- a nearly 46 percent increase in only two years.

"If we look even further back to 2006 and 2007, less than 1 percent of older adults used cannabis in the past year. Now, we're seeing that 7 percent have used it in the past month alone," said Han, an affiliated researcher with CDUHR.




Certain groups of older adults experienced sharper increases in use over this period than others, including those who are married, white, have a college degree, and have an income of at least $75,000. Older women also saw a steep increase in cannabis use, although older men are still more likely than women to use the drug.

In addition, cannabis use grew more among those living in states where medical marijuana is legal versus states where it is not.

"It shouldn't be surprising that use is becoming increasingly more common among people who live in states that allow medical cannabis, which could be due to increased availability or social acceptability," said Palamar. "Interestingly, with respect to income, those with the highest incomes had the lowest prevalence of cannabis use in 2021, but by 2023 this group had the highest prevalence, which may indicate who has access to medical cannabis given its costs."

The researchers also found significant increases in cannabis use by older adults with chronic diseases -- and notably, those with multiple chronic conditions -- including heart issues, diabetes, hypertension, cancer, and chronic pulmonary obstructive disease.

The authors caution that the overall increases may be driven, in part, by those who use cannabis aging into the 65+ age bracket for the period studied. Regardless, they recommend that clinicians screen and educate their older patients about cannabis use, including how physiological changes that accompany aging can make people more sensitive to psychoactive substances.

"As a geriatrician, I see more and more people interested in using cannabis for treating chronic health symptoms. But cannabis can complicate the management of chronic diseases and be potentially harmful if patients are not educated on its use and potential risks," said Han.

Kevin H. Yang of UC San Diego and Charles Cleland of NYU Grossman School of Medicine were also co-authors on the study. The research was supported by the National Institute on Drug Abuse (K23DA043651, R21DA058404, R21DA060362, R01DA057289, R01DA060207, and P30DA01104) and the UC San Diego Sam and Rose Stein Institute for Research on Aging.
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Researchers develop recyclable, healable electronics | ScienceDaily
Between upgrades and breakdowns to cellphones, tablets, laptops, and appliances, so many electronics are getting tossed in the trash that they've taken on a name of their own: e-waste.


						
According to a 2024 report issued by the United Nations, the amount of e-waste worldwide has almost doubled in the past 12 years, from 34 billion to 62 billion kilograms -- the equivalent of 1.55 million shipping trucks -- and it's estimated to hit 82 billion kilograms by 2030. Just 13.8 billion kilograms -- about 20 percent of the total -- is expected to be recycled, a number projected to remain flat.

Put simply, we're throwing away more and more electronics, and recycling isn't keeping up. But a new study in Advanced Materials by two Virginia Tech research teams offers a potential solution to the e-waste problem: a recyclable material that could make electronics easier to break down and reuse.

Chemistry and engineering have an answer

Michael Bartlett, associate professor of mechanical engineering, and Josh Worch, assistant professor of chemistry, come from different fields, but together they created a new class of circuit materials. With significant work from their team of postdoctoral and graduate student researchers, including Dong Hae Ho, Meng Jiang, and Ravi Tutika, the new circuits are recyclable, electrically conductive, reconfigurable, and self-healing after damage. Yet they retain the strength and durability of traditional circuit board plastics -- features rarely found together in a single material.

The new material starts with a vitrimer, a dynamic polymer that can be reshaped and recycled. This versatile material is combined with droplets of liquid metal that do the work of carrying the electric current, the way rigid metals do in a traditional circuit.

This is a fundamentally different approach from other recyclable or flexible electronics. By combining the high-performance, adaptable polymers with electrically conductive liquid metals, the new circuit holds up under a host of challenges.




"Our material is unlike conventional electronic composites," said Bartlett. "The circuit boards are remarkably resilient and functional. Even under mechanical deformation or damage, they still work."

A second life

Recycling traditional circuit boards involves several energy-intensive deconstruction steps and still yields large amounts of waste. Billions of dollars of valuable metal components are lost in the process.

Recycling the team's circuit board is straightforward and can be accomplished in multiple ways.

"Traditional circuit boards are made from permanent thermosets that are incredibly difficult to recycle," said Worch. "Here, our dynamic composite material can be healed or reshaped if damaged by applying heat, and the electrical performance will not suffer. Modern circuit boards simply cannot do this."

The vitrimer circuit boards also can be deconstructed at their end of life using alkaline hydrolysis, enabling recovery of key components such as the liquid metal and LEDs. Fully reusing all components of the conductive composites in a closed-loop process remains a goal for future research.

While it may not be possible to curb the amount of electronics that are discarded by the world's consumers, this work represents a key step toward keeping more electronics out of landfills.

This research was supported by Virginia Tech through the Institute for Critical Technology and Applied Science and Bartlett's National Science Foundation Early Faculty Career Development (CAREER) award.
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Geological time capsule highlights Great Barrier Reef's resilience | ScienceDaily
New research led by the University of Sydney adds to our understanding of how rapidly rising sea levels due to climate change foreshadow the end of the Great Barrier Reef as we know it.


						
The findings suggest the reef can withstand rising sea levels in isolation but is vulnerable to associated environmental stressors arising from global climate change.

Led by Professor Jody Webster from the School of Geosciences, the research was published today in Nature Communications. It draws from a geological time capsule of fossil reef cores, extracted from the seabed under the Great Barrier Reef.

The findings suggest rapid sea level rise in isolation did not spell the end of the reef's predecessor, Reef 4. Rather, associated environmental stressors like poor water quality and warming climates led, in combination, to its demise about 10,000 years ago (towards the end of the last ice age).

The ensuing one to two thousand years saw Reef 4 transition. Its shallow reef ecosystem moved landward to reestablish itself as the Great Barrier Reef we know today.

"This research shows us a healthy, active barrier reef can grow well in response to quite fast sea level rises," said Professor Webster. "It's the combination of additional environmental stressors, on top of rapid sea level rise, that lead to its demise.

The findings lend weight to already grave concerns about the Great Barrier Reef.




"The modern reef faces rising sea levels, more heat waves and extensive bleaching, along with increasing sediment and nutrient input. This combination, on top of rising sea levels, is of deep concern. If the current trajectory continues, we should be concerned about whether the Great Barrier Reef will survive the next 50 to 100 years in its current state.

"It won't die but its characteristics may change. We will see a different collection of coral species, perhaps simpler and not as structurally complex."

Learning from the 'proto-Great Barrier Reef'

The 15 to 20-metre cores underpinning this research comprise a mix of fossil coral, algae and sediments. They reveal how the reef's previous incarnations responded to rapid sea level rise. The cores analysed for this research focus on how the reef ecosystem evolved between 13,000 to 10,000 years ago.

Of particular interest to Professor Webster's team was the period known as Meltwater pulse 1B, between 11,450 and 11,100 years ago, when sea levels rose very rapidly.

"This 350-year period is crucial; it covers a time when global sea levels rose very rapidly," Professor Webster said. "It's a period when polar ice sheets are thought to have experienced accelerated melting due to warming temperatures. Based on records from Barbados, we previously thought sea levels were rising by about 40 millimetres a year at this time.




"Our research shows the rise wasn't so large and fast. It was more likely to have been in the order of three to five millimetres a year, comparable to what we're experiencing today."

Extracted by a drilling ship from beneath the Great Barrier Reef's shelf edge at a depth of 40 to 50 metres, the cores offered new insight into how Reef 4, also known as the proto-Great Barrier Reef, was impacted by rising sea levels.

"Reef 4 is very exciting," Professor Webster said. "It had a similar morphology and mix of coral reef communities to the modern Great Barrier Reef. The types of algae and corals, and their growth rates, are comparable.

"Understanding the environmental changes that influenced it, and led to its ultimate demise, therefore offers clues on what might happen to the modern reef."

Professor Webster and colleagues used radiometric dating and reef habitat information to accurately pinpoint core samples pertaining to Meltwater pulse 1B.

The cores underpinning this research were obtained under the International Ocean Discovery Program International Ocean Drilling Program (IODP), an international marine research collaboration involving 21 nations.

Professor Webster said his latest research highlights the importance of IODP and shows the value of these records, obtained by drilling deep beneath the seabed. They provide paleoclimate and paleoenvironmental data, going far further back in time than instrumental records which go back only 50 to 100 years.

"These data allow us to more precisely understand how reef and coastal ecosystems have responded to rapid environmental changes, like the rises in sea level and temperature we face today."

Professor Webster completed this research in collaboration with colleagues from the University of Tokyo, Australian National University, Nagoya University, the University of Granada and Aix-Marseille University.
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The sweet spot: sugar-based sensors to revolutionize snake venom detection | ScienceDaily
Every five minutes, 50 people are bitten by a snake worldwide; four will be permanently disabled and one will die. In the time-critical situation following a bite, identifying the snake venom making its way through your system is vital to saving lives and providing the best treatment.


						
Most approaches to diagnose and treat snake venom, a WHO neglected tropical disease, rely on antibodies. Antibody assays have several challenges associated with them, including high costs, lengthy procedures, and inconsistencies, and yet there are not robust, low-cost, and widely available alternatives to antibody-based approaches.

In this new research paper, published in ACS Biomacromolecules, Warwick researchers have shown the first proof of concept for a cheap and rapid alternative -- a glycopolymer-based ultraviolet-visible (UV-vis) test to detect snake venom. They showcase a version of this diagnostic assay in the paper that specifically detects Western Diamondback Rattlesnake (Crotalus atrox) venom.

Dr. Alex Baker, Assistant Professor at Warwick, lead researcher of the Baker Humanitarian Chemistry Group and senior author of the paper said: "Snake venoms are complex and detecting the toxins at work is challenging but essential to save lives. We've produced an assay using synthetic sugars that mimic the sugars in our bodies that the toxins naturally bind to and an amplification system that makes this rapid test visible. This method lays the foundations for the rapid and cheap detection of snakebite beyond antibody-based techniques, potentially improving improve patient outcomes."

Western Diamondback Rattlesnake venom has evolved to bind to specific sugar molecules on the surface of cells in the body, such as red blood cells and platelets. Specifically, the toxin binds to galactose-terminal glycans (sugar chains ending in galactose). Binding to these glycans allows the venom to disrupt blood clotting or interfere with the immune responses leading to disability and death.

To create the venom assay for Crotalus atrox venom, the team engineered synthetic chains of sugar-like units (glycopolymers), to mimic the natural sugar receptors targeted by venom proteins. The synthetic sugars were attached to gold nanoparticles to amplify the response and make the reaction visible, creating a test that changes colour when venom toxins bind to the synthetic sugars.

Mahdi Hezwani, first author and alumni of Dr Baker's research group said: "This assay could be a real game-changer for snake envenomation. Venoms from other snake species do not interact with glycans in the body. For example, when we tested venom from the Indian Cobra (Naja naja) we did not see binding to the synthetic glycans that bind to C.atrox venom. Hence this assay shows promise to be able to distinguish between different snake venoms based on their sugar-binding properties."

This is the first example of a diagnosis test using sugars for detecting snake venom in a rapid detection system, and builds on the work of this Warwick research group using a glyconanoparticle platform in COVID-19 detection.

This new assay is faster, cheaper, easier to store, is modifiable since the sugars can be custom-made to recognise a specific toxin and is an example of the bold, innovative solutions that will continue to be made possible through The University of Warwick's new STEM Connect programme.
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Still on the right track? Researchers enable reliable monitoring of the Paris climate goals | ScienceDaily
Global warming is continuously advancing. How quickly this will happen can now be predicted more accurately than ever before, thanks to a method developed by climate researcher Gottfried Kirchengast and his team at the University of Graz. For the first time, this method enables reliable monitoring of the Paris climate goals and shows that temperatures are rising faster than expected in the latest IPCC report. The new findings have just been published in the scientific journal Communications Earth & Environment.


						
In the Paris Agreement of 2015, the international community of countries agreed to limit global warming to well below 2 degC, and preferably to 1.5 degC, compared to pre-industrial levels. This refers to the increase in global surface air temperature, inspected at any time of interest as an average over 20 years. The latest IPCC report expected the 1.5 degC threshold to be reached between 2030 and 2035. Climate researcher Gottfried Kirchengast from the Wegener Center and Institute of Physics at the University of Graz now has to revise this estimate: "Our new results show that we will exceed this limit as early as 2028 -- with a standard deviation range of plus/minus two years. The benchmark record we have developed shows the global temperature rise with unprecedented reliability and therefore allows us for the first time to also propose an assessment scale to verify whether the Paris climate goals are being met or missed," the scientist points out.

Reference standard for global warming

Over the oceans, conventional monitoring of global warming does not use the air temperature above the water surface, but rather the temperature of the top few meters of seawater, such as recorded directly by drifting buoys. This results in an uncertainty that could not be properly corrected so far. The researchers at the University of Graz have now succeeded in doing so. Based on the best available data sources from international climate centers, they computed a new benchmark record for the period from 1850 to 2024, complemented by predictions up to 2034 and scenarios to 2050. "Our data show a six percent higher increase in global surface air temperature than the conventional monitoring," says Kirchengast. "And we can distinguish the human-induced temperature increase from specific climate phenomena like El Nino and other natural fluctuations, and predict the annual mean temperature of any current year, such as now for 2025, as early as from August," adds the co-author of the publication, Moritz Pichler from the Wegener Center.

Compliance assessment for the Paris Agreement

Building on the reliable monitoring of global warming, the researchers propose a four-classes assessment scale to quantitatively gauge to what degree the Paris climate goals are being met or missed. "This creates a completely new compliance assessment basis for the political and legal implementation of the agreement," explains Kirchengast. He suggests further standardization in the context of the World Meteorological Organization and the IPCC, to provide it as an official assessment method for the Paris Agreement member countries. "It is important to provide clarity for the Paris climate goals so that policymakers and all of us know where we actually stand and what it needs to meet them," emphasizes the researcher, proposing as a complement to the 1.5deg C goal that the imprecise wording 'well below 2 degC' be firmly defined as 'below 1.7 degC'. "It is high time to make these internationally binding targets for limiting global warming truly measurable and verifiable in order to underpin the urgently needed climate action by a generally valid climate-physics foundation," concludes Kirchengast.
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Coastal flooding more frequent than previously thought | ScienceDaily
Flooding in coastal communities is happening far more often than previously thought, according to a new study from North Carolina State University and the University of North Carolina at Chapel Hill. The study also found major flaws with the widely used approach of using marine water level data to capture instances of flooding.


						
"Government agencies and researchers use data from tide gauges to measure water levels in coastal areas, then use that data to estimate flood frequency in the region," says Miyuki Hino, corresponding author of a paper on the study and assistant professor of city and regional planning at UNC. "Those estimates are used both to assess how often flooding has taken place and to predict how often flooding may take place in the future. However, our study shows that this approach does not accurately capture how often flooding takes place or how long those floods last."

"Due to sea-level rise, we're now seeing flooding in coastal areas outside of extreme storms like hurricanes," says Katherine Anarde, co-author of the paper and an assistant professor of coastal engineering at NC State. "There can be flooding during everyday rain showers or at high tide on sunny days. It's important that the methodology we use to monitor and predict flooding reflects this reality, since sea-level rise means these flooding events are going to become even more common.

"Our research shows you need land-based measures of flooding to capture the burden on coastal residents, which can inform policy and planning decisions moving forward," Anarde says.

Anarde and Hino are part of the Sunny Day Flooding Project, a research initiative focused on improving flood monitoring, broadening our understanding of coastal flooding, and identifying the most effective flood mitigation strategies.

At present, there are two widely accepted "thresholds" used to infer flooding on land based on tide gauge data: the National Oceanic and Atmospheric Administration (NOAA) High Tide Flooding threshold (HTF) and the National Weather Service's minor flood threshold (NWS).

For this study, the researchers made use of data from a network of land-based sensors that their team designed to identify flooded roadways and deployed across eastern North Carolina. The researchers focused on a year of data from sensors in three communities: Beaufort, Carolina Beach and Sea Level.




During the study period, the sensors detected flooding on 26 days in Beaufort, 65 days in Carolina Beach and 128 days in Sea Level.

"These numbers were very different from what the HTF and NWS thresholds tell us based on water levels at tide gauges," Anarde says. "In general, the thresholds drastically underestimated the number of floods. For example, when you subtract floods associated with extreme storms, we recorded flooding on 122 days in Sea Level. But if you looked at the data from the closest tidal gauge, the NWS threshold inferred that there were 31 days of flooding. And the HTF threshold inferred only nine days of flooding.

"However, the NWS threshold sometimes overestimates the number of flood days," Anarde says. "For example, Carolina Beach had 65 days of flooding, but if you applied the NWS threshold using data from the closest tidal gauge, it inferred that there were 120 days of flooding."

"In addition to being inaccurate in terms of how often it is flooding, our findings also show that the actual duration of the floods is longer than is captured by the HTF and NWF thresholds," Hino says. "Essentially, the thresholds don't adequately account for how long it takes water to drain off of land."

"More accurate information on coastal flooding can inform where and how we invest resources in building more resilient communities," says Anarde. "It's hard to design an efficient solution when you don't know the scope of the problem."

Anarde and Hino are now working with partner communities to identify and evaluate response strategies that can mitigate the impacts of chronic flooding.

"Every community is unique, so there's no one-size-fits-all solution," says Hino. "But with more accurate data, we can help communities assess what response strategy is best for them, now and in the future."

The paper, "Land-based Sensors Reveal High Frequency of Coastal Flooding," will be published June 2 in the open-access journal Nature Communications Earth & Environment. The paper was co-authored by Ryan McCune and Thomas Thelen, Ph.D. students at NC State; Elizabeth Farquhar, a research associate at NC State; Perri Woodard, an undergraduate student at NC State; Tessa Fridell, a former undergraduate student at UNC; and Anthony Whipple, a research technician at UNC.

This work was done with support from the U.S. Department of Homeland Security under grant number 2015-ST-061-ND0001-01. The views and conclusions contained herein are those of the researchers and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the U.S Department of Homeland Security. The work was also done with support from North Carolina Sea Grant under institution grant NA22OAR4170109; the National Science Foundation's Human-Environment and Geographical Systems Program under grant BCS-2215195; NOAA's Climate Adaptation Partnerships program and the Bipartisan Infrastructure Law, under grant NA23OAR4310474; NASA, under grant 80NSSC24K0504; the North Carolina Department of Transportation, under grant RP2024-56; the Gulf Research Program Early-Career Research Fellowship, under award 2000013691-2022; and the Eunice Kennedy Shriver National Institute of Child Health and Human Development, under award 5-K01-HD112604-02. The researchers also thank their community partners in the Town of Beaufort, the Town of Carolina Beach, and the Core Sound Waterfowl Museum and Heritage Center for their support.
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Nitrogen loss on sandy shores: The big impact of tiny anoxic pockets | ScienceDaily
Denitrification in tiny anoxic pockets on sand grains could account for up to one-third of total nitrogen loss in silicate shelf sands.


						
Some microbes living on sand grains use up all the oxygen around them. Their neighbors, left without oxygen, make the best of it: They use nitrate in the surrounding water for denitrification -- a process hardly possible when oxygen is present. This denitrification in sandy sediments in well-oxygenated waters can substantially contribute to nitrogen loss in the oceans.

TO THE POINT:
    	Tiny environments: Microorganisms on sand grains create anoxic microenvironments.
    	Big impact: This allows their neighbours to carry out anaerobic denitrification in well-oxygenated sands.
    	Globally relevant: Overall, this reduces nitrogen in oceans, within well-oxygenated sands, worldwide for up to one third.

Human activities, such as agriculture, have dramatically increased nitrogen inputs into coastal seas. Microorganisms remove much of this human-derived nitrogen in coastal sands through a process called denitrification. Denitrification generally only occurs in the absence of oxygen. However, observations indicate that it also happens in oxygenated sands, via a thus far unknown mechanism. Scientists from the Max Planck Institute for Marine Microbiology in Bremen, Germany, now reveal how this happens: Bunches of microbes, unevenly distributed on the surface of sand grains, use up all the oxygen around them, thus creating anoxic microenvironments in which other microbes can carry out denitrification. The results are now published in the journal Scientific Reports.

Big effects of tiny structures

The scientists used a method called microfluidic imaging, which allowed them to visualize the diverse and uneven distribution of microbes and the oxygen dynamics on extremely small scales. "Tens of thousands of microorganisms live on a single grain of sand. We were able to distinguish oxygen-consuming and oxygen-producing microbial colonies located within micrometers of each other," explains Farooq Moin Jalaluddin from the Max Planck Institute for Marine Microbiology. The scientists could show that some microbes consume more oxygen than is resupplied by the surrounding pore water. Thus, anoxic pockets develop on the surface of the sand grains. These have so far been invisible to conventional techniques. However, their effects are dramatic: "Our estimates based on model simulations show that anaerobic denitrification in these anoxic pockets can account for up to one third of the total denitrification in oxygenated sands," says Jalaluddin.

Global important as a sink of anthropogenic nitrogen

Permeable sands roughly cover half of the continental shelves on our planet, making them a very important habitat in many respects. The Max-Planck-scientists thus also calculated how relevant this newly researched form of nitrogen removal in the tiny anoxic pockets on single sand grains is on a global scale. "We found that these anoxic microenvironments could account for up to one third of total nitrogen loss in silicate shelf sands," says co-author Soeren Ahmerkamp, who is now working at the Leibniz Institute for Baltic Sea Research Warnemunde. "Consequently, this denitrification is a substantial sink for anthropogenic nitrogen entering the oceans."
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Student discovers long-awaited mystery fungus sought by LSD's inventor | ScienceDaily
Making a discovery with the potential for innovative applications in pharmaceutical development, a West Virginia University microbiology student has found a long sought-after fungus that produces effects similar to the semisynthetic drug LSD, which is used to treat conditions like depression, post-traumatic stress disorder and addiction.


						
Corinne Hazel, of Delaware, Ohio, an environmental microbiology major and Goldwater Scholar, discovered the new species of fungus growing in morning glory plants and named it Periglandula clandestina.

Hazel made the discovery while working in the lab with Daniel Panaccione, Davis-Michael Professor of Plant and Soil Sciences at the WVU Davis College of Agriculture and Natural Resources. She was studying how morning glories disperse protective chemicals called "ergot alkaloids" through their roots when she saw evidence of a fungus.

"We had a ton of plants lying around and they had these tiny little seed coats," she said. "We noticed a little bit of fuzz in the seed coat. That was our fungus."

The researchers prepared a DNA sample and sent it away for genome sequencing, funded by a WVU Davis College Student Enhancement Grant obtained by Hazel. The sequencing confirmed the discovery of a new species and the sequence is now deposited in a gene bank with her name on it.

"Sequencing a genome is a significant thing," Panaccione said. "It's amazing for a student."

Morning glory plants live in symbiosis with fungi that produce the same ergot alkaloids the Swiss chemist Albert Hofmann modified when he invented LSD in the late 1930s.




Hofmann hypothesized that a fungus in morning glories produced alkaloids similar to those in LSD, but the species remained a mystery until Hazel and Panaccione's discovery. They published their findings in Mycologia.

"Morning glories contain high concentrations of similar lysergic acid derivatives that give them their psychedelic activities," Panaccione said. "This inspired Hofmann and others to investigate morning glories for the presence of a hidden fungus related to the ergot fungus that might be the source of these chemicals. They found very similar chemicals, but they could never find the fungus itself."

Ergot alkaloids are made exclusively by fungi. In addition to morning glories, they're often found growing on grains like rye. They can be poisonous to humans and livestock and, when used therapeutically, can have unwanted side effects. Still, some clinicians use them to treat conditions like migraines, dementia, uterine hemorrhaging and Parkinson's disease.

Periglandula clandestina is highly efficient at making ergot alkaloids in large quantities, a characteristic that may play a role in future pharmaceuticals. The discovery of the fungus opens a host of potential research avenues, Panaccione said.

"Many things are toxic. But if you administer them in the right dosage or modify them, they can be useful pharmaceuticals. By studying them, we may be able to figure out ways to bypass the side effects. These are big issues for medicine and agriculture."

The researchers dubbed the fungus "Periglandula clandestina" for its ability to have eluded investigators for decades.

"I think that's the perfect name," Panaccione said. "And I love that we did this project together. Corinne has a ton of talent. It's about students recognizing the opportunities, seizing them and having the skill and the brain power to bring this work to fruition."

Hazel is now studying the most effective ways to culture the slow-growing fungus and is interested in whether other morning glory species may also contain ergot alkaloids from a fungal symbiote that has yet to be described.

"I'm lucky to have stumbled into this opportunity," she said. "People have been looking for this fungus for years, and one day, I look in the right place, and there it is. I'm very proud of the work that I've done at WVU."
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Synthetic compound shows promise against multidrug resistance | ScienceDaily
Antimicrobial resistance directly causes more than 1 million deaths every year and contributes to more than 35 million more, according to the World Health Organization. Staphylococcus aureus and Enterococcus sp., 2 gram-positive pathogens highly likely to develop resistance to known treatments, can cause dangerous hospital-acquired and community-acquired infections.


						
This week in Microbiology Spectrum, researchers describe a newly synthesized compound called infuzide that shows activity against antimicrobial resistant strains of S. aureus and Enterococcus in laboratory and mouse tests. In addition, the findings suggest that infuzide kills bacteria in ways that differ from other antimicrobials, which may help keep resistance at bay.

Infuzide emerged from more than a decade of work by interdisciplinary researchers looking for ways to create compounds that could act against pathogens in ways similar to known pharmaceutical compounds. Those include hydrazones, inorganic synthesized compounds that previous studies have shown to demonstrate antibacterial activity, including against resistant strains. The researchers synthesized 17 new compounds that contained hydrazones, and among those infuzide showed activity against gram-positive S. aureus and Enterococcus.

"We started the project as a collaboration, looking for ways to synthesize compounds and connecting them with compounds that might have biological activities," said medicinal chemist Michel Baltas, Ph.D., from the Laboratoire de Chimie de Coordination at the University of Toulouse in France. Baltas co-led the new work, along with Sidharth Chopra, Ph.D., from the CSIR-Central Drug Research Institute in Lucknow, India.

The researchers found that infuzide specifically attacks bacterial cells. In lab tests, they compared the antimicrobial effects of infuzide against vancomycin, a powerful antibiotic representing the standard of care in treating resistant infections. They found that infuzide more quickly and effectively reduced the size of bacterial colonies than the standard drug. In tests of resistant S. aureus infections on the skin of mice, the compound effectively reduced the bacterial population. The reduction was even higher, the researchers reported, when infuzide was combined with linezolid, a synthetic antibiotic.

Infuzide did not show significant activity against gram-negative pathogens, though Baltas said the group is looking for small changes to infuzide that might expand its antimicrobial activity.

The researchers synthesized the compounds without the need of solvents, which can be expensive and environmentally hazardous. The simplicity of the chemical reactions, Baltas said, would make it easy to make large quantities to be used in new treatments. "I am sure the same reactions can scale up."

In addition, the group has been investigating the effects of synthesized compounds on other infectious diseases, including tuberculosis. "We have many other candidates to make antimicrobial compounds," Baltas said.
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Researchers recreate ancient Egyptian blues | ScienceDaily
A team of Washington State University-led researchers has recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.


						
Reporting in the journal, NPJ Heritage Science, the researchers used a variety of raw materials and heating times to develop 12 recipes for the pigments, providing useful information for archaeologists and conservation scientists who study the ancient Egyptian materials. The work was done in collaboration with Carnegie Museum of Natural History and the Smithsonian's Museum Conservation Institute.

"We hope this will be a good case study in what science can bring to the study of our human past," said John McCloy, first author on the paper and director of WSU's School of Mechanical and Materials Engineering. "The work is meant to highlight how modern science reveals hidden stories in ancient Egyptian objects."

While Egyptian blue pigment was valued in ancient times, there is limited archaeological evidence of how it was made. It was used as a substitute for expensive minerals like turquoise or lapis lazuli and was used in painting wood, stone, and a papier-mache-type material called cartonnage. Depending on its ingredients and processing time, its color ranges from deep blue to dull gray or green. After the Egyptians, the pigment was used by Romans, but by the Renaissance period, the knowledge of how it was made was largely forgotten.

In recent years, there has been a resurgence of interest in the pigment because it has interesting optical, magnetic, and biological properties with potential new technological applications, said McCloy. The pigment emits light in the near-infrared part of the electro-magnetic spectrum that people can't see, which means it could be used for things like fingerprinting and counterfeit-proof inks. It also has a similar chemistry to high-temperature superconductors.

"It started out just as something that was fun to do because they asked us to produce some materials to put on display at the museum, but there's a lot of interest in the material," said McCloy, who, in addition to being a professor in materials science and engineering, has a master's degree in anthropology.

To understand its makeup, the researchers, including a mineralogist and an Egyptologist, created 12 different recipes of the pigment from mixtures of silicon dioxide, copper, calcium, and sodium carbonate. They heated the material at about 1000 degrees Celsius for between one and 11 hours to replicate temperatures that would have been available for ancient artists. After cooling the samples at various rates, they studied the pigments using modern microscopy and analysis techniques that had never been used for this type of research, comparing them to two ancient Egyptian artifacts.




Egyptian blue included a variety of blue colors, depending on where they were made and their quality. The researchers found that the pigment is highly heterogeneous.

"You had some people who were making the pigment and then transporting it, and then the final use was somewhere else," said McCloy. "One of the things that we saw was that with just small differences in the process, you got very different results."

The researchers found that, in fact, to get the bluest color requires only about 50% of the blue-colored components.

"It doesn't matter what the rest of it is, which was really quite surprising to us," said McCloy. "You can see that every single pigment particle has a bunch of stuff in it -- it's not uniform by any means."

The samples created are currently on display at Carnegie Museum of Natural History in Pittsburgh, Pennsylvania and will become part of the museum's new long-term gallery focused on ancient Egypt.
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Researchers use deep learning to predict flooding this hurricane season | ScienceDaily
The 2025 hurricane season officially begins on June 1, and it's forecast to be more active than ever, with potentially devastating storms whose heavy rainfall and powerful storm surges cause dangerous coastal flooding.


						
Extreme water levels -- like the 15 feet of flooding Floridians saw during Hurricane Helene in 2024 -- threaten lives, wash away homes, and damage ecosystems. But they can be difficult to predict without complex, data-intensive computer models that areas with limited resources can't support.

A recent study published in Water Resources Research by civil and environmental engineering graduate student Samuel Daramola, along with faculty advisor David F. Munoz and collaborators Siddharth Saksena, Jennifer Irish, and Paul Munoz from Vrije Universiteit Brussel in Belgium, introduces a new deep learning framework to predict the rise and fall of water levels during storms -- even in places where tide gauges fail or data is scarce -- through a technique known as "transfer learning."

The framework, called Long Short-Term Memory Station Approximated Models (LSTM-SAM), offers faster and more affordable predictions that enable smarter decisions about when to evacuate, where to place emergency resources, and how to protect infrastructure when hurricanes approach. For emergency planners, local governments, and disaster response teams, it could be a game-changer -- and could save lives.

Addressing the challenge of predicting floods with transfer learning

Predicting when and where extreme water levels will strike -- especially during compound floods, when multiple flooding sources, like rain and storm surge, combine to intensify flooding -- is crucial for protecting vulnerable communities.

However, conventional physical-based models rely on detailed information about weather patterns, ocean conditions, and local geography. Gathering and processing this data is time consuming and expensive, limiting the models' use to areas with long-term data records and high-powered computers.




To overcome these limitations, the research team developed LSTM-SAM, a deep-learning framework that analyzes patterns from past storms to predict water level rise during future storms. What makes this model especially useful is its ability to extrapolate from one geographic area's data to make predictions for another locale that doesn't have a lot of its own data. By borrowing knowledge and applying it locally, it makes accurate flood prediction more widely available.

"Our goal was to create an efficient transfer learning method that leverages pre-trained deep learning models," said Daramola. "This is key to quickly assessing many flood-prone areas after a hurricane."

Testing with coastal flood predictions

The researchers tested LSTM-SAM at tide gauge stations along the Atlantic coast of the United States, a region frequently impacted by hurricanes and other major storms. They found that the model was able to accurately predict the onset, peak, and decline of storm-driven water levels. The model was even able to reconstruct water levels for tide-gauge stations damaged by hurricanes, such as the station in Sandy Hook, New Jersey, which failed during Hurricane Sandy in 2012.

Researchers plan on using the LSTM-SAM framework during the upcoming hurricane season, where they can test it as storms roll in nearly in real time. They've also made the code available in the GitHub repository of the CoRAL Lab, where scientists, emergency planners, and government leaders can download it for free. The program runs on a laptop in a matter of minutes and could be especially helpful for smaller towns or regions in developing countries where access to high-end computing tools or detailed environmental data is limited.

"Other studies have relied on repetitive patterns in the training data," Daramola said. "Our approach is different. We highlight extreme changes in water levels during training, which helps the model better recognize important patterns and perform more reliably in those areas."

As the frequency of hurricane events and their socioeconomic impact is likely to increase in the future, the need for reliable flood prediction frameworks is of paramount importance. Advanced deep learning tools like LSTM-SAM could become essential in helping coastal communities prepare for the new normal, opening the door to smarter, faster, and more accessible flood predictions associated with tropical cyclones.

Original study: DOI 10.1029/2024WR039054

This research was made possible by support from the National Science Foundation, CAS-Climate Program, and the Virginia Sea Grant Fellowship. 
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Insect protein blocks bacterial infection | ScienceDaily
A protein that gives fleas their bounce has been used to boot out bacteria cells, with lab results demonstrating the material's potential for preventing medical implant infection.


						
The collaborative study led by researchers at RMIT University in Australia is the first reported use of antibacterial coatings made from resilin-mimetic proteins to fully block bacteria from attaching to a surface.

Study lead author Professor Namita Roy Choudhury said the finding is a critical step towards their goal of creating smart surfaces that stop dangerous bacteria, especially antibiotic-resistant ones like MRSA, from growing on medical implants.

"This work shows how these coatings can be adjusted to effectively fight bacteria -- not just in the short term, but possibly over a long period," she said.

Bacteria are often found on implants following surgery, despite sterilisation and infection controls. These can lead to infections requiring antibiotics, but with antibiotic resistance becoming more common, new preventative measures are needed.

"Antibiotic resistance has prompted greater interest in the area of self-sterilising materials and easy preparation of antibacterial surfaces," Choudhury said.

"Therefore, we designed this surface to completely prevent the initial attachment of the bacteria and biofilm formation to decrease the infection rates."

Choudhury said potential applications could include spray coatings for surgical tools, medical implants, catheters and wound dressings.




Resilin to the rescue

Resilin, a protein found in insects, is known for its remarkable elasticity -- it enables fleas to jump more than a hundred times their own height in microseconds -- but it's also extremely resilient and biocompatible.

"These exceptional properties and non-toxic nature make resilin and resilin-mimetic proteins ideal for many applications requiring flexible, durable materials and coatings," Choudhury said.

"These applications range from tissue engineering and drug delivery to flexible electronics and sports equipment, but this is the first work published on its performance as an antibacterial coating."

The team created several forms of coating from altered forms of resilin, then tested their interactions with E.coli bacteria and human skin cells in lab conditions.

The study showed how the altered proteins in nano droplet form known as coacervates were 100% effective at repelling the bacteria, while still integrating well with healthy human cells, a critical part of medical implant success.




Study lead author from RMIT Dr Nisal Wanasingha said the nano droplets' high surface area made them especially good at interacting with and repelling bacteria.

"Once they come in contact, the coating interacts with the negatively charged bacterial cell membranes through electrostatic forces, disrupting their integrity, leading to leakage of cellular contents and eventual cell death," he said.

Wanasingha said the resilin-based coatings not only showed 100% effectiveness in stopping bacteria from attaching to the surface but also offered several advantages compared to traditional approaches.

"Unlike antibiotics, which can lead to resistance, the mechanical disruption caused by the resilin coatings may prevent bacteria from establishing resistance mechanisms," he said.

"Meanwhile, resilin's natural origin and biocompatibility reduce the risk of adverse reactions in human tissues and, being protein-based, are more environmentally friendly than alternatives based on silver nanoparticles."

Next steps

Study co-author Professor Naba Dutta said resilin-mimetic protein is highly responsive to stimuli and changes in its environment, making it potentially tuneable for many functions.

"These early results are very promising as a new way to help improve infection control in hospitals and other medical settings, but now more testing is needed to see how these coatings work against a wider range of harmful bacteria," Dutta said.

"Future work includes attaching antimicrobial peptide segments during recombinant synthesis of resilin-mimics and incorporating additional antimicrobial agents to broaden the spectrum of activity."

Transitioning from lab research to clinical use will require ensuring the formula's stability and scalability, conducting extensive safety and efficacy trials, while developing affordable production methods for widespread distribution, he added.

The study was in collaboration with the ARC Centre of Excellence for Nanoscale BioPhotonics and the Australian Nuclear Science and Technology Organisation (ANSTO).

The team used ANSTO's Australian Centre for Neutron Scattering facilities, and RMIT University's Micro Nano Research Facility and Microscopy and Microanalysis Facility.

The work was funded by the Australia India Strategic Research Fund, Australian Institute of Nuclear Science and Engineering top-up Postgraduate Research Award (PGRA) and supported by the Australian Research Council.
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Human-caused dust events are linked to fallow farmland | ScienceDaily
An average of more than 1 million acres of idled farmland a year is a significant contributor to a growing dust problem in California that has implications for millions of residents' health and the state's climate.


						
A new study published in Communications Earth and Environment by UC Merced professors Adeyemi Adebiyi and John Abatzoglou finds that the Central Valley accounts for about 77% of fallowed land in California and is associated with about 88% of major anthropogenic, or human-caused, dust events.

"Idled farmland and dust are particularly concentrated in Kern, Fresno and Kings counties, where annual crops such as wheat, corn, and cotton are fallowed as part of agricultural practices or a combination of water and economic decisions," said Abatzoglou, a climatologist in the Department of Management of Complex Systems in the School of Engineering. "When fields are unplanted, wind erosion can create dust."

Dust can be laced with chemicals and pathogens that cause severe respiratory illnesses or death. For example, Valley fever, caused by a fungus, relies on dust to spread. Particulate matter has also been linked to various forms of dementia, cardiovascular problems, COPD, asthma, and perhaps surprisingly, longer and more painful menstrual cycles. Vulnerable groups disproportionately bear these health impacts.

In addition to health problems, a significant reduction in visibility during dust storms has resulted in fatal traffic accidents. Dust storms can also reduce agricultural productivity due to the loss of fertile topsoil and abrasion of crops by airborne particles, which is particularly critical given the state's role as the leading agricultural producer in the United States.

"California, particularly the Central Valley, has not been considered an important dust source," said Adebiyi, who studies dust and its impacts as a member of the Department of Life and Environmental Sciences in the School of Natural Sciences and as an affiliate of the Health Sciences Research Institute. "However, we're beginning to see, with recent events, that the Central Valley is a major contributor, and much of its dust comes from agricultural sources."

Although researchers don't fully understand dust's effects on climate, they do know that when dust settles on the Sierra Nevada snowpack, it darkens the snow and encourages melting earlier in the year than usual. That impacts critical water resources for people around the state.




Fallowed acreage varies year to year, but the researchers found that the geographic coverage of these unfarmed lands expanded between 2008 and 2022, and that growth could be linked to an increase in dust activities.

Although it is common to rotate crops and idle lands regularly, the expansion of unplanted lands is partly due to the Sustainable Groundwater Management Act, which requires farmers to limit the water they use yearly.

"The goal of the Sustainable Groundwater Management Act is clearly to balance groundwater, which is important for California's future," Adebiyi said. "However, there are unintended consequences to nearby communities, such as potential dust that comes from farmland fallowed due to SGMA, and what is crucial are those mitigation efforts that can reduce wind erosion."

The researchers suggested farmers consider cover crops or ground cover that increases soil health and reduces dust.

Widespread dust events are generally driven by weather, such as strong winds or storms, but dust becomes more likely when soil is dry and disturbed, the latter being human-caused, Abatzoglou said. Human activity, including construction and farming, heavily drives localized dust.

Continued research, such as this study and another recent one that resulted in a report from a coalition called UC Dust, will help researchers better understand dust's impacts on a wide range of concerns and challenges.

"A better understanding of what likely dominates anthropogenic dust from agricultural sources may help us better represent the overall impacts of dust in other parts of the country and the world," Adebiyi said.

One of the biggest unknowns in simulating climate and health impacts of dust in the future is how anthropogenic dust may change.

"Because our study points to fallowed or idled farmlands as a dominant contributor, that may change how we estimate overall dust impact," he said.
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Research shows how solar arrays can aid grasslands during drought | ScienceDaily
New research from Colorado State University and Cornell University shows that the presence of solar panels in Colorado's grasslands may reduce water stress, improve soil moisture levels and -- particularly during dry years -- increase plant growth by about 20% or more compared to open fields.


						
The findings were published in Environmental Research Letters this week. The paper outlines the potential benefits and challenges when photovoltaic (PV) arrays are located in grassland ecosystems. The findings are particularly relevant when considering drought in the arid west and the potential for future climate change.

While solar power systems are a key source of renewable energy, they reduce the amount of sunlight available for plant growth, which could impact these complex ecosystems in ways that reduce the wildlife they support, the carbon they store and the amount of forage they produce for livestock grazing. The work, based on four years of data from an agrivoltaics solar facility in Longmont, Colorado, represents the first effort to field test how co-locating solar and grasslands changes those dynamics.

Colorado's semi-arid grasslands often need more water than is available through precipitation in each season.

The team found that plants beneath and around the solar systems in that environment benefited from partial shading and additional water that collects on panels -- aiding in their fight to survive during the harsh summer months. They found that during a dry year, grass growth on the east side of panels was up to 90% more productive in some cases than the neighboring open site. During wet and normal years, this positive grass production response was reduced, but the east side of the panels still saw more grass production than the control site.

Cornell Postdoctoral Research Associate Matthew Sturchio is an author on the paper along with CSU University Distinguished Professor Alan Knapp. Sturchio was previously part of Knapp's team in the Department of Biology, and he is still an affiliated researcher at CSU.

Sturchio said the results demonstrate the potential of solar land use synergies in grasslands that support both needed renewable power generation and ecosystem stability.




"There have been several studies reporting improved plant and water relations from solar arrays," he said. "However, this is the first analysis that shows how that pattern becomes more pronounced with increasing aridity or dryness like we see in Colorado.

"The most important takeaway here is that even though this solar array was designed to maximize energy generation -- not to promote beneficial environmental conditions for the grasses grown beneath -- it still provided a more favorable environment during a dry year."

Sturchio said those gains could increase if panels were instead designed to maximize their benefits depending on conditions. That may include changing their position to provide shade when air temperatures rise or configuring them to let more light in during key parts of the growing season.

"With small changes in array design, configuration and management, we may even realize untapped benefits, particularly those related to water use," he said.

The paper is part of ongoing research by the pair into agrivoltaics: a dual use approach where solar power infrastructure is designed and placed to also support livestock grazing or pollinator habitats in parallel. Those agricultural options don't require irrigation or machinery. However, because of their heavy reliance on rain to support plant growth, research like this is needed to understand how the addition of panels changes the environment overall.

Knapp and his lab have been studying grasslands at CSU for decades, focusing primarily on how they cope with chronic water stress and drought. He said research in the paper focuses on perennial C3, "cool season" grasses that prefer wetter conditions. The next step will be to study the more common C4 grasses found in the plains of Colorado. Those plants flourish in warmer conditions with lots of sunlight.

"Those grasslands are even more water-limited than the ones we used in this study. Thus, we expect the capability of solar arrays to mitigate water stress may be even greater," Knapp said.

Sturchio added that solar panels may even provide an opportunity to restore grassland ecosystems by promoting diverse plant communities. He said building solar facilities in ecosystems that could benefit from their strategic placement is an obvious win-win.

"We hypothesize that grassland restoration in arid and semi-arid regions could benefit not only from the favorable conditions in solar arrays, but also from the environmental heterogeneity created by panels," he said. "We are excited to test the functional underpinnings of that idea at the newly constructed Shortgrass Ecovoltaic Research Facility in Nunn, Colorado, very soon."
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Air-quality monitoring underestimates toxic emissions to Salton Sea communities, study finds | ScienceDaily
A newly published study finds that California's Salton Sea emits hydrogen sulfide, a toxic and foul-smelling gas, at rates that regularly exceed the state's air quality standards. The presence of these emissions in communities surrounding the Salton Sea are "vastly underestimated" by government air-quality monitoring systems, the researchers found.


						
The study, published in the journal GeoHealth, underscores the risk posed by hydrogen-sulfide emissions to communities already burdened by other environmental and socioeconomic stressors, the researchers say.

"The communities around the Salton Sea are on the front lines of a worsening environmental health crisis," said study co-author Mara Freilich, an assistant professor in Brown University's Department of Earth, Environmental and Planetary Sciences. "Our study shows that hydrogen-sulfide emissions are not only more intense than previous monitoring captured, but they are systematically underreported -- especially when sensors are placed away from the lake or out of alignment with prevailing winds."

Located about 160 miles east of Los Angeles, the Salton Sea is California's largest lake. Though bodies of water had filled the basin previously, the current sea formed in 1905, when water from the Colorado River breached an irrigation canal and spilled into the Salton Sink. Since 1907, the lake has been maintained mostly by runoff from the surrounding basin, including agricultural runoff and wastewater that flows in but not out, making the Salton Sea more saline than the Pacific Ocean.

In the 1940s and 1950s, the area became a popular vacation destination, and new residents flocked to neighborhoods near the lakeshore. But during the second half of the 20th century, lake levels began dropping rapidly, partly because of a hotter and dryer climate and partly because of policies that diverted more water away from the valley. Increasing concentrations of salt and nutrients from agricultural runoff created algal blooms that deprived the lake of oxygen, killing fish and plant life. That desiccating organic matter emits hydrogen sulfide, which has been shown to cause headaches, nausea, fatigue, as well as long-term neurological and respiratory effects at even low levels of exposure, the researchers say.

For this study, researchers from Brown, the University of California, Los Angeles, Loma Linda University, and the University of California, Berkeley, worked with Alianza Coachella Valley, a local nonprofit community organization, to examine the causes of hydrogen-sulfide emissions from the lake. The researchers used data from weather stations and air-quality sensors installed by the South Coast Air Quality Management District (SCAQMD), a local government agency serving Southern California. Those data were combined with data from remote sensing observations as well as additional air-quality sensors the research team placed within the lake.

The study found that between 2013 and 2024, SCAQMD sensors in the communities of Indio, Mecca and the Torres Martinez Indian Reservation frequently showed hydrogen sulfide readings exceeding State of California standards. The exceedances were most likely in the summer and most pronounced at the Torres Martinez site, which is the closest of the three to the lake. In the month of August for each year from 2013 to 2024, Torres Martinez had an average of more than 250 hours of readings in excess of state standards.




A comparison of wind direction data confirmed that exceedances tended to happen when the wind was blowing into communities from the direction of the lake. An additional sensor the research team placed in the shallow waters of the lake picked up consistently high hydrogen sulfide levels regardless of wind direction. That helps to confirm that the lake is indeed the source of hydrogen-sulfide emissions, and suggests that only a fraction of the total emissions is being captured by community-based regulatory sensors. Currently, only three of the numerous communities on the Salton Sea's long shoreline are monitored by regulatory agencies.

"Our results indicate that a significant portion of [hydrogen-sulfide] emissions remains unaccounted for, potentially being transported to communities without air monitoring stations," the researchers wrote.

The findings highlight the need for increased air-quality monitoring around the Salton Sea, the researchers say. There's also a need for further study of the public health consequences of these emissions.

"Community residents exposed to hydrogen sulfide are impacted not only in their physical health -- experiencing respiratory irritation, headaches and fatigue -- but as well in their quality of life," said Diego Centeno, study co-author who carried out this work as a researcher at Brown University and is now a Ph.D. candidate at UCLA. "As the sea's shoreline continues to recede and sulfate concentrations increase, there is a growing concern that hydrogen sulfide will emit more frequently and at greater magnitudes."

The residents who live in the impacted communities are primarily Latinx and Indigenous (Torres Martinez Desert Cahuilla Indians) and already face elevated rates of asthma and other respiratory illnesses.

"This is a textbook case of environmental injustice," said Aydee Palomino, project manager for the Campaign for Thriving Salton Sea Communities at Alianza Coachella Valley and a study co-author. "People in the Coachella and Imperial valleys are breathing in pollutants that are under the radar of traditional monitoring systems. Our work highlights the power of community science to expose these gaps and push for equitable solutions."

The research was supported by Burroughs Wellcome Fund, the Google Environmental Justice Data Fund and NASA. Freilich learned in March 2025 that the NASA grant supporting this work had been terminated. She said the unexpected termination has disrupted planned follow-up work, including efforts to share and discuss the findings with members of the affected community.
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New plant leaf aging factor found | ScienceDaily

									Osaka Metropolitan University. "New plant leaf aging factor found." ScienceDaily. ScienceDaily, 30 May 2025. <www.sciencedaily.com/releases/2025/05/250530124254.htm>.
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Mediterranean diet provides symptom relief for patients with IBS in pilot study | ScienceDaily
A pilot study from Michigan Medicine researchers found that the Mediterranean diet may provide symptom relief for people with irritable bowel syndrome.


						
Study participants were randomized into two groups, one following the Mediterranean diet and the other following the low FODMAP diet, a common restrictive diet for IBS.

In the Mediterranean diet group, 73% of the patients met the primary endpoint for symptom improvement, versus 81.8% in the low FODMAP group.

Irritable bowel syndrome affects an estimated 4-11% of all people, and a majority of patients prefer dietary interventions to medication.

The low FODMAP diet leads to symptom improvement in more than half of patients, but is restrictive and hard to follow.

Previous investigations from Michigan Medicine researchers into more accessible alternative diets led to a proposed "FODMAP simple," which attempted to only restrict the food groups in the FODMAP acronym that are most likely to cause symptoms.

"Restrictive diets, such as low FODMAP, can be difficult for patients to adopt," said Prashant Singh, MBBS, Michigan Medicine gastroenterologist and lead author on the paper.




"In addition to the issue of being costly and time-consuming, there are concerns about nutrient deficiencies and disordered eating when trying a low FODMAP diet. The Mediterranean diet interested us as an alternative that is not an elimination diet and overcomes several of these limitations related to a low FODMAP diet."

The Mediterranean diet is already popular among physicians for its benefits to cardiovascular, cognitive, and general health. Previous research on the effect of the Mediterranean diet on IBS, however, had yielded conflicting results.

In this pilot study, two groups of patients were provided with either a Mediterranean diet or the restriction phase of a low FODMAP diet for four weeks.

The primary endpoint was an FDA-standard 30% reduction in abdominal pain intensity after four weeks.

All the patients included in the study were diagnosed with either IBS-D (diarrhea) or IBS-M (mixed symptoms of constipation or diarrhea).

This study was the first randomized controlled trial to compare the Mediterranean diet to another potential diet. (Previous studies had compared the Mediterranean diet to the individuals' typical diets or were not randomized controlled trials.)

While the Mediterranean diet did provide symptom relief, the low FODMAP group experienced a greater improvement measured by both abdominal pain intensity and IBS symptom severity score.




Researchers found the results of this pilot study -- which 20 patients completed -- sufficiently encouraging to warrant future, larger controlled trials to investigate the potential of the Mediterranean diet as an effective intervention for patients with IBS.

"This study adds to a growing body of evidence which suggests that a Mediterranean diet might be a useful addition to the menu of evidence-based dietary interventions for patients with IBS," said William Chey, M.D., chief of Gastroenterology at the University of Michigan, president-elect of the American College of Gastroenterology, and senior author on the paper.

The researchers believe studies comparing long-term efficacy of the Mediterranean diet with long-term outcomes following the reintroduction and personalization phases of low FODMAP are needed.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250530124132.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Small currents, big impact: Satellite breakthrough reveals hidden ocean forces | ScienceDaily
What if some of the smallest ocean currents turned out to be some of the most powerful forces shaping our planet's climate?


						
This question is at the center of new research co-led by Texas A&M University Department of Oceanography Associate Professor Jinbo Wang, whose work is featured on the cover of the April 17 issue of Nature. It's a big moment for Wang and his colleagues and the global science community -- marking a milestone in a billion-dollar, international water mission two decades in the making, and reflecting Texas A&M University's long-term strategy to grow its leadership in satellite oceanography and climate research.

Wang joined Texas A&M after working at NASA's Jet Propulsion Laboratory (JPL) in California for over nine years, where he helped lay the groundwork leading to this research alongside colleagues at JPL and France's space agency, CNES (Centre National d'Etudes Spatiales) and Caltech. The recent Nature paper builds on foundational work developed by these teams during the last two decades.

What's An Eddy -- And Why Should We Care?

An eddy is like a mini whirlpool in the ocean. Picture swirling water behind a rock in a river -- eddies in the ocean work in a comparable way, only much bigger and more difficult to observe. Some stretch for hundreds of kilometers and help move heat, nutrients and energy across the globe. They are vital for climate, weather and marine life.

While scientists have long studied currents of large eddies, the smaller ones -- called submesoscale eddies -- are notoriously difficult to detect. These currents, which range from several kilometers to 100 kilometers wide, have been the "missing pieces" of the ocean's puzzle -- until now.

New Eyes On The Ocean

Using data from the new Surface Water and Ocean Topography (SWOT) satellite, Wang and his collaborators at JPL, CNES and Caltech finally got a clear view of these hard-to-see currents.




"For the first time, we can directly observe small-scale ocean processes across the globe," Wang said. "And it turns out they are a lot stronger than we thought."

This breakthrough comes from the SWOT satellite, which uses a Ka-band radar interferometer to measure subtle changes in sea surface height with millimeter precision. The instrument has revealed swirling patterns and internal ocean waves -- features that, until now, had never been captured at this scale from space.

"These smaller currents carry surprisingly large amounts of energy," Wang explained. "They play a huge role in moving heat between the upper and deeper parts of the ocean and shaping how the ocean sustains its ecosystem and interacts with the atmosphere. That means they can influence marine food webs and weather patterns, like how hurricanes form and where they go, or how events like El Nino and La Nina develop. These are not just ocean features -- they connect directly to the climate systems that impact all of us."

A Happy Surprise -- And A Global Breakthrough

This level of success wasn't guaranteed. While SWOT met its science requirements, many scientists -- including Wang -- were not sure it would be sensitive enough to measure these subtle sea surface changes. But the engineering team behind the satellite beat expectations.

"I was pessimistic about the expected outcome before the satellite launch," Wang said. "But the satellite performed four times better than expected. That surprise is what made this breakthrough possible."

With better-than-expected data, the team showed that submesoscale motions -- especially the spiral-shaped eddies and long internal solitary waves -- are far more powerful and frequent than previously believed. These small but mighty movements stir up the ocean, helping mix warm and cold water, transport energy over long distance, which affects ocean circulation, eventually weather and climate. The study highlights the potential of these new data in helping scientists to improve their numerical models for climate predictions.




Global Teamwork, Decades In The Making

This research was made possible by the SWOT mission, a $1 billion joint effort between NASA and CNES with contributions from the U.K. and Canadian space agencies. The mission development has involved a large international team and more than 20 years of planning, testing and innovation.

"We're building on work that started two decades ago," said Dr. Shari Yvon-Lewis, head of the Texas A&M Oceanography Department. "Many people who helped design this satellite and the science have since retired. It's a tribute to long-term vision, teamwork and dedication."

Hiring Wang was a key part of Texas A&M's investment in expanding its expertise in satellite oceanography -- an area critical for understanding ocean physics and its role in the climate system. His experience at JPL and leadership in global collaborations like SWOT have positioned the university at the forefront of space-based ocean research.

Wang is also leading a NASA Ocean AI working group focused on how artificial intelligence and machine learning can help analyze existing and future satellite data and help future mission design. He is keen to contribute to the next big satellite mission.

For now, having his work featured on the cover of Nature is a moment to celebrate -- and a reminder of how much the ocean can teach us.

"This is just the beginning," Wang said. "We finally have the tools to see what's been hiding in plain sight."
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Scientists find a new way to help plants fight diseases | ScienceDaily
In a discovery three decades in the making, scientists at Rutgers and Brookhaven National Laboratory have acquired detailed knowledge about the internal structures and mode of regulation for a specialized protein and are proceeding to develop tools that can capitalize on its ability to help plants combat a wide range of diseases.


						
The work, which exploits a natural process where plant cells die on purpose to help the host plant stay healthy, is expected to have wide applications in the agricultural sector, offering new ways to protect major food crops from a variety of devastating diseases, the scientists said.

In a study published in Nature Communications, a team led by Eric Lam at Rutgers University-New Brunswick and Qun Liu at Brookhaven National Laboratory in New York reported that advanced crystallography and computer modeling techniques have enabled them to obtain the best picture yet of a pivotal plant protease, a protein enzyme that cuts other proteins, known as metacaspase 9.

"Understanding the shape and mode of activation for metacaspase 9 means we can now design long-sought tools to harness its known biological functions to protect plants from diseases and environmental stresses that could decimate crops," said Liu, a structural biologist in the Biology Department at Brookhaven.

The team has already started. Lam and Liu have filed for a provisional patent with the U.S. Patent and Trademark Office on technologies that can be developed from the discovery.

"This work could usher in much safer and effective treatments for our crops worldwide," said Lam, a Distinguished Professor in the Department of Plant Biology in the Rutgers School of Environmental and Biological Sciences and an author of the study.

Using Arabidopsis thaliana, an oft-studied plant also known as mouse-ear cress, the researchers employed a method known as X-ray crystallography at Brookhaven's National Synchrotron Light Source II (NSLS-II) to reveal the shape of metacaspase 9 at the atomic level. Knowing from previous research that the enzyme is activated by increased acidity, they observed and recorded how the enzyme changes shape when exposed to different concentrations of acid to reveal the key changes in the protein during its activation.




Their newly acquired complex understanding combines crystallography data with molecular dynamic simulations also completed at Brookhaven. This computer-based method allowed them to observe how the enzyme behaved and changed under different conditions. The team also performed laboratory experiments, including site-specific mutagenesis, a technique used by scientists to make precise changes to a specific part of a DNA sequence and validate the importance of specific parts of the protein that are needed for its activity.

By integrating this knowledge, the researchers discovered different parts of the enzyme act like either brakes or accelerators to ensure that it only will be active at an acidic pH.

Lam and his team have collaborated with Liu and his Brookhaven team for a decade in pursuit of a better understanding of the enzyme along with a related version, metacaspase 4. Lam has studied the process at the heart of the enzyme's pivotal role in plant health -- a phenomenon known as programmed cell death or cell suicide -- for the past 30 years.

Programmed cell death is a process where cells intentionally die as part of a natural and controlled mechanism, Lam said. It is the cell's way of committing suicide for the greater good of the organism. The process helps remove damaged or unnecessary cells, allowing an organism to stay healthy and develop properly. In plants, programmed cell death is crucial for fighting diseases and responding to stress.

Work by other researchers has shown that metacaspase 9, which exists in plants but not in animals, is connected with programmed cell death and centrally involved in two major types of disease-causing agents for plants. When dealing with biotrophs, which are organisms that feed off living cells, metacaspase 9 helps kill infected cells to stop the disease. But with necrotrophs, organisms that kill plant cells before eating them, metacaspase 9 is hijacked into destroying the plant's own cells faster, which helps the invaders.

The researchers reason that strengthening metacaspase 9 may prevent biotrophic diseases. Conversely, jamming its function means the enzyme won't assist necrotrophs in killing healthy cells.




An example of a biotroph is the fungus-like oomycetes Phytophthora infestans, which caused the potato blight in Ireland and the ensuing famine in the mid-1800s. "For many of the plant diseases, especially fungi, effective fungicide treatment options are few and, in many cases, environmental concerns are quite serious," Lam said. "By creating hyperactive versions of metacaspase 9, we may protect plants from these biotrophs by causing cell death at the invasion site earlier, thus cutting off their food supply."

The research team has done just that, creating what Lam described as "super-active variants" of the enzyme that can be produced by plant genes when prodded to do so and could provide novel resistance traits to a slew of important diseases, such as powdery mildew and rusts.

The severe plant disease known as white mold is caused by the necrotrophic fungal pathogen Sclerotinia sclerotiorum, which can infect many crops. It is one of the diseases caused by fungal pathogens that could cause annual crop losses of between 10% and 20% of a total yield. This translates to financial losses of between $100 billion and $200 billion each year for agriculture, according to statistics compiled by the U.S. Department of Agriculture.

"To combat necrotrophic organisms that kill cells to feed on them, understanding how metacaspase 9 changes at the molecular level can help us create new agri- chemicals that block this enzyme efficiently without harming animals or the environment," Lam said. "They could be used in agriculture to stop harmful necrotrophs from growing, leading to safer and more effective treatments for crops around the world."

Other Rutgers researchers who contributed to this study include Zhili Pang, a postdoctoral associate in the Department of Plant Biology at the School of Environmental and Biological Sciences.

Haijiao Liu of Brookhaven National Laboratory and Max Henderson of Stony Brook University in New York, graduate students who work under Liu's supervision, are the co-first authors on the paper. Qinfang Zhang of Stony Brook University also contributed to this study.

This work was funded by the U.S. Department of Energy's Office of Science and the National Science Foundation. The team used Highly Automated Macromolecular Crystallography (AMX) and Frontier Microfocusing Macromolecular Crystallography (FMX) beamlines at NSLS-II, a DOE Office of Science user facility.
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Single-atom catalysts change spin state when boosted by a magnetic field | ScienceDaily
The job of a catalyst is to ultimately speed up reactions, which could reduce an hour-long process into several minutes. It has recently been shown that using external magnetic fields to modulate spin states of single-atom catalysts (SACs) is highly effective -- enhancing oxygen evolution reaction magnetocurrent by a staggering 2,880%.


						
With this in mind, researchers at Tohoku University proposed a completely novel strategy to apply an external magnetic field to modulate spin states, and thereby improve electrocatalytic performance. This study provides valuable insights regarding the development of efficient and sustainable electrochemical technologies for ammonia production and wastewater treatment.

In the field of electrocatalysis, traditional methods mainly focus on adjusting the chemical composition and structure of catalysts. The introduction of magnetic-induced spin state modulation provides a new dimension for catalyst design and performance improvement. It involves the regulation of the electronic spin state of the catalyst through an external magnetic field, which can precisely control the adsorption and desorption processes of reaction intermediates, thus effectively reducing the activation energy of the reaction and allowing it to proceed more quickly.

"More efficient production processes can reduce costs, which may translate into lower prices for products such as fertilizers and treated water at the consumer level," explains Hao Li of Tohoku University's Advanced Institute for Materials Research (WPI-AIMR).

The study used advanced characterization techniques to prove that the magnetic field causes the transition to a high spin state, which improves nitrate adsorption. The theoretical analysis also shows the specific mechanics of why the spin state transition improves the electrocatalytic ability. When exposed to an external magnetic field, the Ru-N-C electrocatalyst demonstrated a high NH3 yield rate (~38 mg L-1 h-1) and a Faradaic efficiency of ~95% for over 200 hours. This represents a significant improvement compared to the exact same catalyst, but without a boost from an external magnetic field.

Ultimately, this work enriches our theoretical understanding of electrocatalysis by exploring the relationship between magnetic fields, spin states, and catalytic performance. At the same time, the experimental results offer a reference for future research and the development of new catalysts, laying a solid foundation for the practical application of electrochemical technologies.

The findings were published in Nano Letters on May 13, 2025.

The APC fees were supported by the Tohoku University Support Program. The key findings from this study are available on the Digital Catalysis Platform (DigCat), the largest experimental and computational catalysis database to date developed by the Hao Li Lab.
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Rising soil nitrous acid emissions, driven by climate change and fertilization, accelerate global ozone pollution | ScienceDaily
Ozone pollution is a global environmental concern that not only threatens human health and crop production, but also worsens global warming. While the formation of ozone is often attributed to anthropogenic pollutants, soil emissions are revealed to be another important source. The Hong Kong Polytechnic University (PolyU) researchers have examined global soil nitrous acid (HONO) emissions data from 1980 to 2016 and incorporated them in a chemistry-climate model to unveil the pivotal role soil HONO emissions play in the increase of the ozone mixing ratio in air and its negative impact on vegetation.


						
Soil microbial activities and agricultural practices, notably fertiliser application, release various gases from soil into the atmosphere. Previous studies found that soil HONO emissions contribute up to 80% of the atmospheric HONO mixing ratio. The interaction of HONO with other pollutants in the atmosphere is crucial to the chemical production of ozone. HONO also promotes ozone formation by elevating concentrations of its precursors nitrogen oxide (NOx).

Prof. Tao WANG, Chair Professor of Atmospheric Environment of the PolyU Department of Civil and Environmental Engineering, along with his research team, has compiled a dataset of soil HONO emission measurements from diverse ecosystems worldwide and pioneered a quantitative parameterisation scheme to quantify the impact brought by the emissions. The research made possible the comprehensive dataset measurements by integrating multiple variables, including climate factors like soil temperature and soil water content, and fertiliser type and application rates into the scheme. For unquantifiable factors such as microbial activities, land use and soil texture, the team applied diverse parameterisations based on latitude, longitude and land use data of the corresponding soil samples. The findings have been published in Nature Communications, with Dr Yanan WANG, PolyU Postdoctoral Fellow, and Dr Qinyi LI, Professor at Shandong University, being the co-first authors.

Global soil HONO emissions continue to increase

The researchers found that soil HONO emissions have increased from 9.4 Tg N in 1980 to 11.5 Tg N in 2016. Using the chemistry-climate model to simulate the impact of these emissions on atmospheric composition, they discovered an average 2.5% rise annually in the global surface ozone mixing ratio, with localised increases reaching up to 29%. Such increases may lead to the overexposure of vegetation to ozone, adversely affecting ecosystem balance and the production of food crops. In addition, ozone damage will reduce the capacity of vegetation to absorb carbon dioxide, thereby further aggravating the greenhouse effect.

The team pointed out that soil HONO emissions are influenced by the combined effects of nitrogen fertiliser usage and climate factors like soil temperature and soil water content, resulting in seasonal and geographic variations. Global soil HONO emissions peak in the summer when soil temperature is higher and crops are in their growing season. The northern hemisphere was found to contribute to two-thirds of global emissions, with Asia being the largest emitter, accounting for 37.2% of the total. Emissions hotspots mainly clustered in agricultural areas in India, eastern China, central North America, Europe, African savannahs and South America.

Regions with lower pollution levels are more affected

Notably, the influence of soil HONO emissions on the increase of the ozone mixing ratio is more significant in low anthropogenic emission regions. This is because ozone formation is closely related to the concentrations of its precursors NOx and volatile organic compounds (VOCs) in air. Typically, NOx concentrations are lower while VOC concentrations are higher in areas with low anthropogenic emissions, placing these areas predominantly in a NOx-limited regime where ozone is more sensitive to NOx. An increase in NOx concentration will thus lead to a greater rise in ozone levels.




With the global trend in recent years of decreasing anthropogenic emissions, more regions are likely to shift towards a NOx-limited regime, driving up the impact of soil HONO emissions on ozone levels. Prof. Wang said, "Climate change and the increasing use of fertiliser will lead to continued rise in soil HONO emissions, which may offset some of the benefits expected from reduced anthropogenic emissions. It is crucial to understand and manage soil emissions to foster sustainable development. We therefore recommend considering soil HONO emissions in strategies for mitigating global air pollution."

Advanced modelling techniques and diverse datasets

In the development of the robust parameterisation scheme, the research team integrated advanced modelling techniques and diverse datasets, including global soil HONO emissions measurement data from 110 previous laboratory experiments and data derived from the Modern-Era Retrospective Analysis for Research and Applications Version 2 (MERRA2) reanalysis. The research team also leveraged the Community Atmosphere Model with Chemistry (CAM-Chem) climate-chemistry model developed by the National Center for Atmospheric Research of the United States for simulating the impacts of soil HONO emissions on atmospheric chemistry and vegetation exposure risk.

Prof. Wang said, "Our future research will focus on expanding the global observational network for soil HONO emissions, as well as on offering a deeper understanding of microbial roles in HONO emissions by soil. These two approaches can facilitate a more accurate assessment of ozone and other secondary air pollutants production caused by soil HONO emissions and their impact on vegetation. Further studies should also explore mitigation strategies to optimise fertiliser use, such as deep fertiliser placement and the use of nitrification inhibitors, with the aim of reducing soil HONO emissions while maintaining agricultural productivity."
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The EU should allow gene editing to make organic farming more sustainable, researchers say | ScienceDaily
To achieve the European Green Deal's goal of 25% organic agriculture by 2030, researchers argue that new genomic techniques (NGTs) should be allowed without pre-market authorization in organic as well as conventional food production. NGTs -- also known as gene editing- -- are classified under the umbrella of GMOs, but they involve more subtle genetic tweaks. In an opinion paper publishing May 30 in the Cell Press journal Cell Reports Sustainability, the researchers describe how NGTs could enable rapid development of crops that are climate resilient, produce higher yields, and require less fertilizers and pesticides.


						
"This is an excellent opportunity to modernize European agriculture, to make it more science based, and to support the goal of improving sustainability inside the European Union," says first author Alexandra Molitorisova, a food law researcher at the University of Bayreuth.

Currently, 10% of EU farming areas are organic. Though organic farming can reduce carbon emissions and pollution from fertilizer and pesticides, Molitorisova's team says that these benefits could be negated by biodiversity losses due to expanding agricultural land, since organic agriculture requires more land to grow the same amount of food.

"The target of 25% organic land is unlikely to ensure sustainable food production in the EU if modern biotechnology, such as NGTs, is excluded from organic farming," says Molitorisova.

European institutions are currently debating how to regulate NGTs -- which did not exist when the EU legislation on GMOs was adopted in 2001 -- in response to a proposal from the European Commission that NGT usage be allowed in conventional but not organic farming.

"Research suggests that NGTs are still something that European consumers are not completely aware of -- they just do not distinguish between NGTs and GMOs," says senior author Kai Purnhagen, Professor of Food Law at the University of Bayreuth. "There are strong indications that consumers would be willing to accept these technologies if they yield substantial benefits, and the Commission's proposal for new regulation allowing NGTs in conventional farming points in this direction."

Though NGT crops are still developed through genetic alteration, the processes usually don't involve the insertion of DNA from non-plant species. This means that, in theory, identical crops could be developed using conventional breeding methods, though it would take decades rather than months. For these reasons, the researchers argue that NGTs and GMOs should be defined and regulated separately, including in organic production.




"From the consumer's perception of naturalness, the normal breeding process is between two crossable varieties, and that is also what happens with NGTs," says Molitorisova. "So, if consumers understand the nature and benefits of this technology, it should be easier for them to accept it compared with GMOs, which might involve inserting a gene from a non-plant organism into a plant genome."

The researchers also note that the most common type of NGT, targeted mutagenesis, is very similar to mutagenesis -- which uses chemical or radioactive substances to induce random genetic mutations and has never been subject to GMO regulation in the EU, even for organic farms.

"If mutagenesis had not been exempted from GMO legislation, the estimation is that 80%-90% of the cereal products on the European market would have been subject to GMO labeling," says Purnhagen.

The team highlights that allowing NGTs in conventional but not organic agriculture creates a formidable hurdle in terms of NGT identification, labeling, and traceability.

"At the moment, there are unresolved practical problems with the identification of NGTs inside of food, feed, or seeds," says Molitorisova. "One rational alternative is to allow NGTs in organic production, because if NGT organisms are not identifiable, they are also technically unavoidable."

Ultimately, the researchers say that the decision to allow NGTs in organic farming should be made by the organic farming and consumer communities -- for example, by way of citizens' juries or food councils.

"Organic consumers care about the environment and sustainability. For organic farmers, accepting this technology is a way to speak to those consumers," says Purnhagen.
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Predicting underwater landslides before they strike | ScienceDaily
Below ocean wind farms, oil rigs and other offshore installations are mammoth networks of underwater structures, including pipelines, anchors, risers and cables, that are essential to harness the energy source. But much like terrestrial structures, these subsea constructions are also vulnerable to natural events, like submarine landslides, that can hamper the productivity of installations below the sea.


						
Researchers at Texas A&M may now be able to accurately predict the occurrence of marine landslides using underwater site characterization data.

"One of the main events threatening onshore and offshore facilities is landslides: They can completely wipe out all these installations," said Zenon Medina-Cetina, associate professor in the Department of Civil & Environmental Engineering. "We show in our paper that information from multiple disciplines in the correct sequence is needed to better understand the probability of landslide development at any place and time."

Before any offshore project begins, such as oil and gas operations or wind farms, a team gathers information about the seabed, sub-seabed and environmental conditions. This site characterization helps to mitigate potential geohazards and informs the design, construction and installation of offshore structures. This process involves the collaborative efforts of a number of personnel, including geophysicists, geomatic technologists, geotechnical engineers and geologists. Medina-Cetina's model calibration methodology uses site characterization information to predict the occurrence of underwater landslides.

My job is to make sure that under any geo-hazardous conditions, these offshore structures are going to be safe and are going to remain where they were designed to be.

Although data from personnel with different expertise are needed to tell the story of the land below the sea, the order in which they perform their tasks toward site characterization is very important. This sequence, if violated due to budgetary or time constraints, could lead to uncertainty in the prediction of landslides.

"It is very important to start with the geophysicist and then bring in the geologist and then have the geomatics group working with the geotechnical engineers," said Medina-Cetina. "As an analogy, imagine that I need to train a baby to walk while teaching it how to run. This is going to be much harder, right? A systematic sequence on the use of evidence ensures that the landslide models are better calibrated by learning from the data as they are being produced."

The researchers noted that companies funding offshore projects typically lose money when they are not confident that the designs of the subsea civil infrastructures can withstand geohazards. Thus, Medina-Cetina and his team's model calibration methodology uses a probabilistic approach called Bayesian statistics to maximize the information produced in site investigation data. This methodology, they demonstrated, increases the accuracy and confidence of the landslide model when it makes predictions.




"My job is to make sure that under any geo-hazardous conditions, these offshore structures are going to be safe and are going to remain where they were designed to be," said Medina-Cetina. "What we're trying to say is it matters how you do the sequence of these site investigations, and how you integrate those data to train the landslide models, so that you can be more confident on the occurrence of potential submarine landslides."

Other contributors to this research are Patricia Varela from Geosyntec Consultants, Inc and Billy Hernawan, a student from the civil and environmental engineering department at Texas A&M.

This research is funded by the Research Partnership to Secure Energy for America and PLENUM Soft.
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Long shot science leads to revised age for land-animal ancestor | ScienceDaily
In 1984, an amateur paleontologist in Scotland found a remarkable specimen: a nearly complete fossil of what looked to be a lizard or salamander. Rather small in size at 20 centimeters, it would turn out to be a crucial piece in the puzzle of animal evolution.


						
This creature, called Westlothiana lizziae, is one of the earliest examples of a four-legged animal that had evolved from living underwater to dwelling on earth. It, and other stem tetrapods like it, are common ancestors of the amphibians, birds, reptiles and mammals that exist today, including humans.

Despite its significance, researchers had never determined an accurate age of the fossil. But thanks to new research out of The University of Texas at Austin, scientists now know that the Westlothiana lizziae, along with similar salamander-like creatures from the same spot in Scotland, are potentially 14 million years older than previously thought.

The new age -- dating back to 346 million years ago -- adds to the significance of the find because it places the specimens in a mysterious hole in the fossil record called Romer's Gap.

The research, published recently in the journal PLOS One, was led by Hector Garza, who just graduated with his doctoral degree from the Department of Earth and Planetary Sciences at the UT Jackson School of Geosciences. Garza took a risk when he embarked on his mission to date the ancient fossils using a geochemical technique called radiometric dating.

That's because while geoscientists can use zircon crystals to determine how long ago a rock was formed, not all rock types are amenable to this type of analysis. And the site in Scotland where the fossils were discovered was near ancient volcanoes whose lava flows had long hardened into basalt rock, where zircons do not typically form. Fellow scientists warned Garza that chemically dating the rocks might be fruitless.

"I think that was one of the reasons why no one tried to go into them before," Garza said. "Because of all the time and effort that it takes to obtain the zircons and then taking the risk of not finding any."

But he got lucky. As mud cascaded down from the volcanoes, the flowing lava and debris eroded sediment that contained zircons, which got swept into a lake where limestone was forming, entombing these early tetrapod creatures.




Garza X-rayed 11 of the rock samples at the Jackson School and was able to extract zircons from the rock surrounding six of the fossils. He then conducted uranium-lead laser dating on the zircons at the University of Houston to determine their oldest possible age.

Before Garza's gamble, scientists had figured the fossils were as old as similar fossils from around the world -- about 331 million years old.

The more accurate, older maximum age of 346 million years is significant because it places the specimens in Romer's Gap. This is a time period from 360 to 345 million years ago where, for reasons scientists are not exactly sure of, very few fossils have been discovered. It is during this crucial point in history that water-dwelling fish took an evolutionary leap, growing lungs and four legs to become land animals. This is one of the most pivotal milestones in the history of animal evolution.

"I can't overstate the importance of the iconic East Kirkland tetrapods," said Julia Clarke, professor at the Jackson School and co-author of this paper. "Better constraining the age of these fossils is key to understanding the timing of the emergence of vertebrates on to land. Timing in turn is key to assessing why this transition occurs when it does and what factors in the environment may be linked to this event."

The site in Scotland where the fossils were found is the East Kirkton Quarry, a veritable treasure trove of early tetrapod records. Seven stem tetrapod fossils, including the Westlothiana lizziae, have been found there. Hundreds of millions of years ago when these early four-legged creatures roamed, this site was a tropical forest with nearby active volcanoes, a toxic lake, and a diverse plant and animal community.

The National Museum of Scotland provided Garza with bits of rock that surrounded the fossils to use for the sampling. Other study co-authors are Associate Professor Elizabeth Catlos and Michael Brookfield, both of the Department of Earth and Planetary Sciences at the Jackson School, and Thomas Lapen, professor and chair of the Department of Earth and Atmospheric Sciences at the University of Houston.
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Save twice the ice by limiting global warming | ScienceDaily

In the new study, an international team of 21 scientists from ten countries used eight glacier models to calculate the potential ice loss from more than 200,000 glaciers outside of Greenland and Antarctica. The team evaluated a wide range of global temperature scenarios, assuming that temperatures would remain constant for thousands of years in each scenario.

"The choices we make today will resonate for centuries, determining how much of our glaciers can be preserved," says Harry Zekollari, co-lead author from Vrije Universiteit Brussel, who began this research as a postdoctoral fellow at the Chair of Glaciology in the Department of Civil, Environmental and Geomatic Engineering (D-BAUG) at ETH Zurich.

Looking beyond 2100 reveals new insights

In all scenarios, the glaciers lose mass rapidly over decades and then continue to melt at a slower pace for centuries -- even without additional warming. This long-term response means glaciers will continue to feel the effects of today's heat far into the future, gradually retreating to higher altitudes before reaching a new equilibrium.

"One of the key strengths of our study is that we were able, for the first time, to project global glacier evolution over multi-centennial timescales, and did so using eight models instead of one or two," explains Harry Zekollari. "Most glacier studies stop at 2100, which is problematic when simulating the long-term impact of today's climate policies, given the long-term response of glaciers over time."

For example, while studies limited to the year 2100 estimate that around 20 per cent of today's glacier mass will be lost regardless of future warming, the new study reveals that nearly twice as much would vanish under present-day conditions when multi-centennial timescales are considered. "We find that around 40 per cent of glacier mass is effectively 'doomed' to disappear," says co-lead author Harry Zekollari.




Melting glaciers reveal the reality of global warming

"Glaciers are good indicators of climate change because their retreat allows us to see with our own eyes how climate is changing. However, since they adjust over longer timescales, their current size vastly understates the magnitude of climate change that has already happened. The situation for glaciers is actually far worse than visible in the mountains today," says co-lead author Lilian Schuster from the University of Innsbruck.

Beyond contributing to sea-level rise, glacier loss has far-reaching consequences. It threatens freshwater availability, increases the risk of glacier-related hazards such as floods and landslides, and jeopardizes glacier-fed tourism economies. These cascading impacts will be felt across regions and generations.

"These effects underscore the critical importance of present-day climate policies," says Harry Zekollari. "Our study makes it painfully clear that every fraction of a degree matters. If we manage to limit global warming to +1.5degC instead of +2.7degC, we could still save twice as much glacier ice."

Current policies are projected to lead to an average global warming of around +2.7degC. As Zekollari emphasizes, the degree of warming between +1.5degC and +3.0degC plays a decisive role in glacier loss. Put simply: for every additional 0.1degC of warming, the world risks losing approximately 2per cent more of its glacier ice.

Contributing to the UN-Year of Glaciers' Preservation

"This study is a major contribution to the United Nations International Year of Glaciers' Preservation, emphasizing the urgent need for global climate action to protect the world's glaciers," says Daniel Farinotti, Professor of Glaciology at ETH Zurich and the Swiss Federal Institute for Forest, Snow and Landscape Research WSL.




His research group at the Laboratory of Hydraulics, Hydrology and Glaciology (VAW) played a central role in producing the new findings. The entire study led by Zekollari and Schuster was conducted as part of the Glacier Model Intercomparison Project (GlacierMIP) and coordinated by the Climate and Cryosphere (CliC) Project of the World Climate Research Programme (WCRP).

Farinotti notes that the release of the Science study coincides with the opening of the High-Level International Conference on Glaciers' Preservation, initiated by the President of Tajikistan through the United Nations (UN) Resolution that established both the UN Year of Glaciers' Preservation and, later, the UN Decade of Action for the Cryospheric Sciences 2025-2034.

On the Swiss side, the Federal Department of Foreign Affairs (FDFA) was invited to support the organisation of the event, particularly in drafting what is intended to become the "Dushanbe Glacier Declaration." Daniel Farinotti, for his part, is acting as an advisor to the FDFA in the preparation of the declaration.
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Birds nested in Arctic alongside dinosaurs | ScienceDaily
Spring in the Arctic brings forth a plethora of peeps and downy hatchlings as millions of birds gather to raise their young.


						
The same was true 73 million years ago, according to a paper featured on the cover of this week's edition of the journal Science. The paper documents the earliest-known example of birds nesting in the polar regions.

"Birds have existed for 150 million years," said lead author Lauren Wilson, a doctoral student at Princeton University who earned her master's degree at the University of Alaska Fairbanks. "For half of the time they have existed, they have been nesting in the Arctic."

The paper is the result of Wilson's master's thesis research at UAF. Using dozens of tiny fossilized bones and teeth from an Alaska excavation site, she and her colleagues identified multiple types of birds -- diving birds that resembled loons, gull-like birds, and several kinds of birds similar to modern ducks and geese -- that were breeding in the Arctic while dinosaurs roamed the same lands.

Prior to this study, the earliest known evidence of birds reproducing in either the Arctic or Antarctic was about 47 million years ago, well after an asteroid killed 75% of the animals on Earth.

"This pushes back the record of birds breeding in the polar regions by 25 to 30 million years," said Pat Druckenmiller, the paper's senior author, director of the University of Alaska Museum of the North and Wilson's advisor for her master's degree work. The bird fossils are part of the museum's collections.

"The Arctic is considered the nursery for modern birds," he said. "It's kind of cool when you go to Creamer's Field [a Fairbanks-area stopover for migrating geese, ducks and cranes], to know that they have been doing this for 73 million years."

The mere existence of the large collection of ancient bird fossils is remarkable, Wilson said, given how delicate bird bones are. That is doubly true for baby bird bones, which are porous and easily destroyed.




"Finding bird bones from the Cretaceous is already a very rare thing," she said. "To find baby bird bones is almost unheard of. That is why these fossils are significant."

The fossils were collected from the Prince Creek Formation, an area along the Colville River on Alaska's North Slope known for its dinosaur fossils. Scientists identified more than 50 bird bones and bone fragments.

"We put Alaska on the map for fossil birds," Druckenmiller said. "It wasn't on anyone's radar."

The collection is a testament to the value of an uncommon excavation and research approach at the Prince Creek Formation. Much of vertebrate paleontology focuses on recovering large bones.

The scientists who work in the Prince Creek Formation make sure to get every bone and tooth they can, from the visible to the microscopic, Druckenmiller said. The technique, which involves hauling tubs of screened sediment back to the lab for examination under a microscope, has yielded numerous new species and unprecedented insights into the behavior and physiology of the dinosaurs, birds and mammals that lived in the Arctic during the Cretaceous Period.

"We are now one of the best places in the nation for bird fossils from the age of the dinosaurs," Druckenmiller said. "In terms of information content, these little bones and teeth are fascinating and provide an incredible depth of understanding of the animals of this time."

It remains to be seen whether the bones found on the Colville River are the earliest-known members of Neornithes, the group that includes all modern birds. Some of the new bones have skeletal features only found in this group. And, like modern birds, some of these birds had no true teeth.




"If they are part of the modern bird group, they would be the oldest such fossils ever found," Druckenmiller said. Currently, the oldest such fossils are from about 69 million years ago. "But it would take us finding a partial or full skeleton to say for sure."

Other collaborators on the paper include Daniel Ksepka from the Bruce Museum, John Wilson from Princeton University, Jacob Gardner from the University of Reading, Gregory Erickson from Florida State University, Donald Brinkman and Caleb Brown from the Royal Tyrrell Museum of Palaeontology and the University of Alberta (Brown is also affiliated with the University of Manitoba), Jaelyn Eberle from the University of Colorado Boulder and Chris Organ from Montana State University.
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Leprosy existed in America long before arrival of Europeans | ScienceDaily
Long considered a disease brought to the Americas by European colonizers, leprosy may actually have a much older history on the American continent. Scientists from the Institut Pasteur, the CNRS, and the University of Colorado (USA), in collaboration with various institutions in America and Europe, reveal that a recently identified second species of bacteria responsible for leprosy, Mycobacterium lepromatosis, has been infecting humans in the Americas for at least 1,000 years, several centuries before the Europeans arrived. These findings will be published in the journal Science on May 29, 2025.


						
Leprosy is a neglected disease, mainly caused by the bacterium Mycobacterium leprae, affecting thousands of people worldwide: approximately 200,000 new cases of leprosy are reported each year. Although M. leprae remains the primary cause, this study focused on another species, Mycobacterium lepromatosis, discovered in the United States in 2008 in a Mexican patient, and later in 2016 in red squirrels in the British Isles. Led by scientists from the Laboratory of Microbial Paleogenomics at the Institut Pasteur, also associated with the CNRS, and the University of Colorado, in collaboration with Indigenous communities and over 40 scientists from international institutions including archaeologists, this study analyzed DNA from nearly 800 samples, including ancient human remains (from archaeological excavations) and recent clinical cases presenting symptoms of leprosy. The results confirm that M. lepromatosis was already widespread in North and South America long before European colonization and provide insights into the current genetic diversity of pathogenic Mycobacteria.

"This discovery transforms our understanding of the history of leprosy in America," said Dr. Maria Lopopolo, the first author of the study and researcher at the Laboratory of Microbial Paleogenomics at the Institut Pasteur. "It shows that a form of the disease was already endemic among Indigenous populations well before the Europeans arrived."

The team used advanced genetic techniques to reconstruct the genomes of M. lepromatosis from ancient individuals found in Canada and Argentina. Despite the geographic distance of several thousand kilometers, these ancient strains dating from similar periods (approximately 1,000 years ago) were found to be surprisingly genetically close. Although they belong to two distinct branches in the evolutionary tree of the genus Mycobacterium, these branches are genetically closer to each other than to any other known branch. This genetic proximity, combined with their geographical distance, necessarily implies a rapid spread of the pathogen across the continent, likely within just a few centuries.

The scientists also identified several new lineages, including an ancestral branch that despite having diverged from the rest of the known species' diversity over 9,000 years ago, it continues to infect humans today in North America -- a discovery suggesting an ancient and long-lasting diversification on the continent, as well as a largely unexplored diversity that likely remains to be found.

Notably, the analyses also suggest that the strains found in red squirrels in the UK in 2016 are part of an American lineage that was introduced to the British Isles in the 19th century, where it subsequently spread. This discovery highlights the recent ability of the pathogen to cross continents, likely through human or commercial exchanges.

"We are just beginning to uncover the diversity and global movements of this recently identified pathogen. The study allows us to hypothesize that there might be unknown animal reservoirs," said Nicolas Rascovan, the lead author of the study and head of the Laboratory of Microbial Paleogenomics at the Institut Pasteur. "This study clearly illustrates how ancient and modern DNA can rewrite the history of a human pathogen and help us better understand the epidemiology of contemporary infectious diseases."

The project was conducted in close collaboration with Indigenous communities, which were involved in decisions regarding the use of ancestral remains and the interpretation of results. Ancient DNA and remaining materials were returned when requested, and the generated data was shared via ethical and adaptable platforms designed to allow data sharing that meets the specific expectations of Indigenous communities.
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Anthropologists spotlight human toll of glacier loss | ScienceDaily
In an important contribution from the social sciences, Rice University anthropologists Cymene Howe and Dominic Boyer examine the societal consequences of global glacier loss in a commentary published today in Science.


						
Their article appears alongside new research that estimates that more than three-quarters of the world's glacier mass could disappear by the end of the century under current climate policies. While the study projects the physical outcomes of glacial melt, Howe and Boyer highlight the social impacts and human stories behind the statistics -- from disrupted ecosystems and endangered cultural heritage to funeral rites held for vanished ice.

"Often statistics about glacier loss can feel abstract and distant. But glaciers have literally shaped the ground we walk on, and they provide crucial water resources to about 2 billion people. For people who have lived near glaciers, their cultural meanings are often profound, representing the fundamental relationship between social and natural worlds " said Howe, professor of anthropology and co-director of Rice's Program in Science and Technology Studies.

The commentary draws from the authors' ongoing work on the Global Glacier Casualty List, a Rice-based digital platform that documents glaciers that have melted or are critically endangered. The project blends climate science, social science and community narratives to memorialize a rapidly disappearing part of Earth's cryosphere.

"The past five years have been the worst five years for glaciers since ice loss has been tracked scientifically. We're now losing 273 billion tons of ice globally each year, but there's a feeling that even these staggering losses aren't enough to motivate needed climate action," said Boyer, professor of anthropology and co-director of the Center for Coastal Futures and Adaptive Resilience. "This is where we think the social sciences can work together with glaciologists and climate scientists to explain why these losses matter and how many lives and communities are impacted when these amazing landscapes disappear."

Their publication marks an uncommon appearance by social scientists in Science, which primarily features research in the natural and physical sciences. The authors argue that addressing the impacts of climate change requires not only scientific measurement but also cultural understanding, public memory and collective action.

"As glacial loss accelerates, so do the social and emotional responses to environmental change," they write.

The United Nations has designated 2025 as the International Year of Glaciers' Preservation. Howe and Boyer emphasize that global climate goals, such as limiting warming to 1.5 degrees Celsius above preindustrial levels, could still preserve a significant portion of the world's glaciers and prevent the erosion of ecosystems, economies and cultural lifeways connected to them.

"Most people on Earth will never have a chance to be in the presence of a glacier, but their loss affects us all. We still have a chance to preserve half the world's remaining glaciers if we act together -- and immediately -- to reduce global warming," Howe said. "We have lost a lot, but there is still so much that can be saved for us and the generations that will come after us: They deserve to know the magnificence and meaning of these great bodies of ice."

The commentary was supported by the National Science Foundation's Office of Polar Programs.
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2021's Hurricane Ida could have been even worse for NYC | ScienceDaily
During the final week of summer in 2021, Hurricane Ida emerged from the Gulf of Mexico, turned almost directly northeast and swept through the South en route to Pennsylvania, New York, New Jersey and Connecticut.


						
Fueled by unusually heavy rains, falling on ground still saturated by two other recent large storms, Ida would eventually carve a path of destruction through the region. Some New Jersey cities and towns received as many as nine inches of rain within a 24-hour period, overwhelming drainage capabilities; the metro region's subways, train stations and tracks flooded for days, paralyzing mass transit.

All told, Ida would wreak an estimated $75 billion in total damages and be responsible for 112 fatalities -- including 32 in New Jersey and 16 in New York state.

Yet the hurricane could have been even worse in the Big Apple.

That's the conclusion of Stevens professor and Davidson Lab researcher Philip Orton, working with doctoral candidate Shima Kasaei and two U.S. Geological Survey (USGS) researchers, who recently published new simulations of that hurricane in a major journal.

These types of simulations and models are extremely valuable to agencies and community officials for advance emergency planning and extreme-event response.

"Parts of the city, including the area around JFK airport that we studied, were spared the very worst," notes Orton, an extreme-weather and sea-level modeling expert.




"If the storm's track were shifted just 30 miles eastward it would have still soaked the urban centers of New Jersey but produced far more rainfall, higher waters, stronger floods and -- one can assume -- additional casualties and property damage in New York City."

A fuller picture, a best case -- and a worst case

To investigate the unusual nature of Ida and the ways it could have played out differently, the team first tweaked -- then put to work -- a respected modeling system used for forecasting regional coastal storm impacts.

USGS researchers at the Woods Hole Coastal and Marine Science Center in Woods Hole, Massachusetts, developed and first unveiled the system, known as COAWST (for Coupled Ocean-Atmosphere-Waves-Sediment Transport) in 2010.

"As the name indicates, COAWST integrates four of the most important storm factors and forces into a single model," says Orton. "No other model combines data and simulations for ocean tides, rainfall, wave heights and surge, as well as sand and sediment movement."

But even this complex model didn't capture all important factors.




In particular, coastal hazard models rarely incorporated the effect of "pluvial flooding": the kind that occurs when heavy rain falls directly onto a land surface, then runs off. In urban areas, rainfall and runoff can quickly accumulate and deepen atop streets and in low-lying areas.

"The combined effect of simultaneous high tides, storm surges, rising rivers, heavy rain and surface overflow is known as 'compound flooding.' It's particularly dangerous -- but also difficult to forecast, because of all the variables involved," explains Orton.

To simulate the pluvial effect, the research group improved parts of COAWST, integrating the rainfall water volume directly into the model's primary equations and resulting floodwater depths.

The researchers then zeroed in on the Jamaica Bay area of Long Island, in New York -- a highly populated area, susceptible to both coastal flooding and rainfall flooding, thus a useful location for applying the new model to help improve forecasting and emergency management -- to apply the model in a test of its potential for the city's worst-ever rain event.

The result: The first flood map of Ida to be released to the public, covering one highly populated urban watershed with over 2 million residents.

In an additional sensitivity analysis, the team then simulated shifting the prevailing track of the storm both east (which would have led to higher rain intensities within the flood model's area, given the storm track) and also north, which would be expected to produce lower rain rates.

Indeed, the model showed the storm could have been much better (or worse) for New York City's neighborhoods of southern Queens and South Brooklyn. As a baseline, the newly tuned model shows that 8.8 square miles and 4621 buildings were affected by flooding greater than one foot deep.

That's bad, but shifting the parameters proved even more dramatic.

"During the worst-case scenario, a more easterly storm track, the entire Jamaica Bay watershed area experiences an extreme hourly rain intensity and an average of about 9 inches of rain (24 cm) during the storm," Orton says. "As a result, the area of deep flooding expanded to 24 square miles and 5907 buildings."

In the best-case scenario, however, the watershed could have potentially experienced 60% less total rainfall, more like 2.5 inches on average -- a more common heavy-rain event that would have been far better handled by systems and infrastructure.

The researchers also simulated various alternative tidal conditions, since Ida's worst surge actually occurred during relatively low and falling tides. The results showed a high tide could have slightly increased flooding for certain areas, such as the east and west shores of Jamaica Bay and Hamilton Beach.

"These findings underscore the model's utility in representing compound flooding events, such as for hurricanes that our group has recently shown can bring both extreme rainfall and storm surge," Orton says. "Capturing that compounding effect is particularly important, given that compound floods are expected to become more common and important as sea levels continue to rise."
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Does outdoor air pollution affect indoor air quality? It could depend on buildings' HVAC | ScienceDaily
We typically spend 80% of our time indoors, where the quality of the air we breathe depends on the age and type of building we occupy, as well as indoor pollution and outdoor pollution sources. But also playing an important role is the kind of HVAC system used to heat, ventilate and cool the building, according to new research from the University of Utah.


						
Using the Salt Lake City campus as a living laboratory, the College of Engineering teamed up with Facilities Management and occupational and environmental health researchers to explore whether and how outdoor air pollution affects indoor air quality. They found that indoor air quality on campus was generally good. However, depending on a building's HVAC system, fine particulate pollution, or PM2.5, from wildfire smoke can infiltrate buildings, while pollution associated with dust events and winter inversions is kept out.

The study found the issue lies with commercial HVAC systems that use air-side economizers. Using special duct and damper arrangements, this technology reduces energy use by drawing air from outdoors when temperature and humidity levels are optimal, such as cool summer and fall mornings. This helps with energy efficiency, but if the air is smoky that day, the system could pull in particulate pollution and some particles make it past the filters, according to chemical engineering professor Kerry Kelly, who is overseeing the research.

Campus as laboratory

"Our buildings are big and they're complicated, and oftentimes they've been added onto and integrated with different kinds of systems," Kelly said. "So I think the management is challenging, but the good thing is it is a very solvable problem. Even simple solutions like portable air filters do a great job."

The ongoing project deployed low-cost wirelessly connected sensors in 17 indoor and two outdoor locations in an effort to characterize what happens with indoor air quality when particulate pollution is elevated during dust storms, winter inversions and wildfire season -- which present different kinds of PM2.5 and occur at different times of the year.

"We look at the ratio of the indoor particulate matter measurements to that of the outdoor particulate matter measurements. The closer that value gets to one, which means more of the particulate matter is going to be sourced from outdoors versus indoor sources," said study leader Tristalee Mangin, a graduate student in chemical engineering. "We looked at those ratios and then did analyses based on the different groupings of HVAC types."

How smoke differs from dust and inversions




Wildfire smoke had four to five times more PM2.5 infiltration into buildings than pollution from inversions and wind-driven dust events. However, exceedances of international health guidelines only occurred in buildings ventilated with air-side economizers and were still very rare.

The team used small devices designed by Pierre-Emmanuel Gaillardon, professor of electrical and computer engineering, and commercialized through a U startup called TELLUS. The cost per device was just $450, far less than what compliance-grade equipment would cost. They were installed on walls at breathing height in a variety of buildings spread mostly around the main campus.

According to their findings, outdoor pollution arising from wind-blown dust and inversions did not have much effect on indoor air quality, regardless of the HVAC system. This is likely the result of the nature of the PM2.5 associated with those pollution events.

Dust particles are typically larger and heavier than smoke particles, so they tend to fall out of the air and get caught in filters. Inversion particles are a more complicated story.

"It has to do with the thermodynamics of the particles that are in the inversion. Utah's particulate matter is primarily ammonium nitrate, like 60% of our particles," Kelly said. "At indoor temperatures and relative humidities, those particles turn into a gas phase. During an inversion, most of the stuff that's a particle outside is not a particle when it gets inside. It kind of disappears."

Research continues to find solutions

This paper is based on an 18-month study window that ended in April 2024, but the research is ongoing and the monitors remain active and visible. A statement about the research and how it's funded by a Seed2Soil and SCIF grants is posted next to the devices.




Besides shedding light on HVAC systems' strengths and weaknesses for keeping out pollution, the findings are expected to help campus building managers craft operational adjustments to maintain good indoor air quality, particularly during wildfire season. However, the campus's approximately 18 million square feet of building space exhibits great variety that defies a uniform approach, according to co-author Sean Nielson, an engineer with Facilities Management's Sustainability and Energy group.

"Every building and system has unique features," Nielson said. "Looking at buildings and systems individually is something we're going to consider in the future and see what we can do to modify that system."

It will not be a simple matter of just closing dampers on smoky days, but rather adjusting them based on the specific needs of particular buildings.

"You still have code minimum requirements for a certain amount of outside air that must be provided," Nielson said. "A primary reason for outside air is to dilute and flush out indoor contaminants. Finding the ideal balance between outside air and recirculated inside air is difficult due to the high number of variables. Applying higher-rated MERV air filtration is one tool that often works to improve air quality for many applications, but there are limitations as to what contaminants can effectively be filtered and how they can practically be applied to existing equipment.
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Agriculture in forests can provide climate and economic dividends | ScienceDaily
Forest-based agroforestry can restore forests, promote livelihoods, and combat climate change, but emerging agroforestry initiatives focusing only on tree planting is leading to missed opportunities to support beneficial outcomes of forest management, a Yale-led team of scientists found.


						
In the fight against climate change, tree planting as a natural climate solution is a popular policy and land-use initiative among governmental and conservation organizations. Trees provide additional carbon stocks when planted in treeless agricultural lands. Yet there is another underutilized pathway to climate mitigation. Forests are the largest global above ground carbon sinks and managing them through forest-based agroforestry (FAF) can provide a myriad of benefits, a new study led by Yale School of the Environment scientists found.

"We want to make sure that we clarify that forest-based agroforestry (FAF) can achieve similar climate benefits as tree planting in fields," said Karam Sheban '28 PhD, '20 MF, who co-authored the study, which was published in Nature Climate Change. "The big takeaway is that human management of forests can result in better outcomes for forests, for people, and for the climate. It is not a zero-sum game."

Agroforestry is a management system that integrates trees with crops or pastures. Forest-based agroforestry, however, integrates crop production into existing forests. The study found that FAF can support forest health and biodiversity, enhance carbon sequestration and storage, generate economic benefits for local communities through sustainable harvesting of forest products (such as fruits, nuts, and medicinal plants), and aligns with Indigenous and traditional land stewardship practices.

Despite the benefits and the large number of people practicing forest-based agroforestry, it is receiving proportionally less support and funding than tree planting agroforestry initiatives by NGOs, private companies, and nonprofit agroforestry and conservation organizations. Two common misconceptions often account for the exclusion of FAF from policy language and funding opportunities, the authors said. The first is that industrial agroforestry systems that are designed around global commodity crops (such as cacao, coffee, and palm oil) are often conflated with traditional Indigenous approaches. The second misconception is that outcomes of industrial agroforestry in tropical forests can be extrapolated to temperate and boreal forest systems.

"There's a narrative that human activity in forests causes degradation, and that we really should leave forests untouched to maximize climate benefits. But humans living in and around forests have been supporting forest health for thousands of years and continue to do so now, " Sheban said.

The research team recommended explicit inclusion of FAF in agroforestry policies; designing policies that distinguish between sustainable FAF and harmful industrial agroforestry practices; and increasing research into diverse FAF systems across temperate and boreal regions to inform better policies and land management.

"For natural climate solutions involving trees, everyone is currently focused on removal of carbon from the atmosphere through tree planting. In the right place, this can be an effective strategy and the idea that removing a tree through forest management might be beneficial seems counter-intuitive to people, especially given how people develop attachments to individual trees," said study co-author Mark Bradford, the E.H. Harriman Professor of Soils and Ecosystem Ecology and faculty director of the Yale Applied Science Synthesis Program (YASSP). "Yet, forest management often necessitates removing some trees for the collective benefit of the forest. As people start to become aware of forest-based agriculture, we need to get that message out that effective forest management can achieve multiple services."

The study was also co-authored by Sara Kuebbing, lecturer and research director of YASSP and research scientist at the Yale Center for Natural Carbon Capture; Marlyse Duguid, the Thomas J. Siccama Senior Lecturer in Field Ecology and Yale Forests director of research; Mark Ashton, the Morris K. Jesup Professor of Silviculture and Forest Ecology and senior associate dean of The Forest School; Joseph Orefice, lecturer and director of forest and agricultural operations at Yale Forests; Alex C. McAlvay, of the New York Botanical Garden Center for Plants, People and Culture; and John Munsell, of Virginia Tech University College of Natural Resources and Environment.
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Evolution of a single gene allowed the plague to adapt, survive and kill much of humanity over many centuries | ScienceDaily
Scientists have documented the way a single gene in the bacterium that causes bubonic plague, Yersinia pestis, allowed it to survive hundreds of years by adjusting its virulence and the length of time it took to kill its victims, but these forms of plague ultimately died out.


						
A study by researchers at McMaster University and France's Institut Pasteur, published today in the journal Science, addresses some fundamental questions related to pandemics: how do they enter human populations, cause immense sickness, and evolve different levels of virulence to persist in populations?

The Black Death remains the single deadliest pandemic in recorded human history, killing an estimated 30 to 50 per cent of the populations of Europe, Western Asia and Africa as it moved through those regions. Appearing in the 14th century, it re-emerged in waves over more than 500 years, persisting until 1840.

The Black Death was caused by the same bacteria which caused Plague of Justinian, the first plague pandemic which had broken out in the mid-500s. The third plague pandemic began in China in 1855 and continues today. Its deadly effects are now more controlled by antibiotics but are still felt in regions like Madagascar and the Democratic Republic of Congo, where cases are regularly reported.

"This is one of the first research studies to directly examine changes in an ancient pathogen, one we still see today, in an attempt to understand what drives the virulence, persistence and/or eventual extinction of pandemics," says Hendrik Poinar, co-senior author of the study, director of the McMaster Ancient DNA Centre and holder of the Michael G. DeGroote Chair in Genetic Anthropology.

Strains of the Justinian plague became extinct after 300 years of ravaging European and Middle Eastern populations. Strains of the second pandemic emerged from infected rodent populations, causing the Black Death, before breaking into two major lineages. One of these two lineages is the ancestor of all present-day strains. The other re-emerged over centuries in Europe and ultimately went extinct by the early 19th century.

Using hundreds of samples from ancient and modern plague victims, the team screened for a gene known as pla, a high copy component of Y. pestis which helps it move through the immune system undetected to the lymph nodes before spreading to the rest of the body.




An extensive genetic analysis revealed that its copy number, or total number of pla genes found in the bacterium, had decreased in later outbreaks of the disease, which in turn decreased its mortality by 20 per cent and increased the length of its infection, meaning the hosts lived longer before they died. These studies were performed in mice models of bubonic plague.

Conversely, when the pla gene was in its original, high copy number, the disease was much more virulent and killed each of its hosts and did so much quicker.

The scientists also identified a striking similarity between the trajectories of modern and ancient strains, which independently evolved similar reductions in pla in the later stages of the first and second pandemic, and so far, in three samples from the third pandemic, found in Vietnam today.

In both the Justinian and Black Death plagues, the evolutionary change occurred approximately 100 years after the first outbreaks. Scientists propose that when the gene copy number dropped and the infected rats lived longer, they could spread infection farther, ensuring the reproductive success of the pathogen.

"The reduction of pla may reflect the changing size and density of rodent and human populations," explains Poinar. "It's important to remember that plague was an epidemic of rats, which were the drivers of epidemics and pandemics. Humans were accidental victims."

Black rats in cities likely acted as "amplification hosts" due to their high numbers and proximity to humans. Because black rats are highly susceptible to Y. pestis, the pathogen needed rat populations to stay high enough to supply new hosts for Y. pestis to persist and allow the pandemic cycle to continue.




However, the pla-reduced strains eventually went extinct, likely reflecting another shift in the host-pathogen relationship within their environment.

When the researchers searched for signs of depletion in a large set of samples of the third pandemic preserved in a collection at the Institut Pasteur, they found three contemporary strains with pla depletion.

"Thanks to our international collaborators who monitor local epidemics of plague worldwide, we were able to find the unique bacterial samples used for this project, akin to finding of three rare needles in a haystack," says Javier Pizarro-Cerda, co-senior author of the work, director of the Yersinia Research Unit and of the WHO Collaborating Centre for Plague at the Institut Pasteur.

The institute houses one of the world's richest collections of modern Y. pestis isolates, adds Guillem Mas Fiol, co-lead author of the study and Postdoctoral researcher supervised by Pizarro-Cerda.

"One of the most interesting aspects of our research was the possibility to explore a feature first observed in extinct plague strains, that could, for the first time, be experimentally tested in living contemporary bacterial strains," he says.

"Although our research sheds light on an interesting pattern in the evolutionary history of plague, the majority of strains which continue to circulate today in Africa, South America and India are the more virulent ones, the ones that were previously responsible for massive mortality," says Ravneet Sidhu, co-lead author of the study, and PhD candidate at the McMaster Ancient DNA Centre.
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Cellular scaffolding secrets unlocked: Scientists discover key to microtubule growth | ScienceDaily

Microtubules are the unsung heroes within our cells, providing structural support and generating dynamic forces that push and pull, crucial for processes like cell division. These tiny filaments constantly assemble and disassemble by adding or removing tubulin building blocks at the filament ends. However, the precise rules dictating whether a microtubule grows or shrinks have long remained a mystery due to the complexity and miniature size of their ends.

Now, this collaborative research team has cracked part of the code. By harnessing the power of advanced computer simulations coupled with innovative imaging techniques, they have discovered that the crucial factor determining a microtubule's fate -- whether it elongates or shortens -- lies in the ability of tubulin proteins at its ends to connect with each other sideways.

Dr Vladimir Volkov, co-lead author from Queen Mary University of London, explained the significance of their findings: "Understanding how microtubules grow and shorten is very important -- this mechanism underlies division and motility of all our cells. Our results will inform future biomedical research, particularly in areas related to cell growth and cancer."

He adds: "The UK's vibrant research ecosystem encourages collaborations that go beyond traditional disciplinary boundaries. Our work demonstrates how integrating computational modelling with cell biology can lead to groundbreaking insights into the fundamental mechanisms of life."

Dr Maxim Igaev, co-lead author from the University of Dundee, highlighted the power of their interdisciplinary approach: "Bridging physics and biology has allowed us to address this complex biological question from a fresh perspective. This synergy not only enriches both fields but also paves the way for discoveries that neither discipline could achieve in isolation."

He continues: "This study exemplifies the power of interdisciplinary research, where understanding the fundamental physical principles helps to uncover complex biological processes. Collaborating across disciplines not only advances our understanding of cellular structures like microtubules but also fosters innovation at the intersection of biology and physics."

This exciting research not only deepens our understanding of fundamental cellular processes but also opens potential new avenues for biomedical research, particularly in areas concerning cell proliferation and the development of treatments for diseases like cancer.
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Rock record illuminates oxygen history | ScienceDaily

If you traveled back in time to before the GOE (more than ~2.4 billion years ago), you would encounter a largely anoxic (oxygen-free) environment. The organisms that thrived then were anaerobic, meaning they didn't require oxygen and relied on processes like fermentation to generate energy. Some of these organisms still exist today in extreme environments such as acidic hot springs and hydrothermal vents.

The GOE triggered one of the most profound chemical transformations in Earth's surface history. It marked the transition from a planet effectively devoid of atmospheric oxygen -- and inhospitable to complex life -- to one with an oxygenated atmosphere that supports the biosphere we know today.

Scientists have long been interested in pinpointing the timing and causes of major shifts in atmospheric oxygen because they are fundamental to understanding how complex life, including humans, came to be. While our understanding of this critical period is still taking shape, a team of researchers from Syracuse University and MIT is digging deep -- literally -- into ancient rock cores from beneath South Africa to unearth clues about the timing of the GOE. Their work provides new insight into the pace of biological evolution in response to rising oxygen levels -- and the long, complex journey toward the emergence of eukaryotes (organisms whose cells contain a nucleus enclosed within a membrane).

The study, published in the journal Proceedings of the National Academy of Sciences, was led by Benjamin Uveges '18 Ph.D., who completed the project as a postdoctoral associate at MIT and collaborated with Syracuse University Earth sciences professor Christopher Junium on the chemical analyses.

Answers Embedded in Rock

To step back in time, the research team analyzed sedimentary rock cores collected from several sites across South Africa. These locations were carefully selected because their rocks, dating back 2.2 to 2.5 billion years, fall within the ideal age range for preserving evidence of the GOE. By analyzing stable isotopic ratios embedded in these rocks, the team uncovered evidence of oceanic processes that required the presence of nitrate -- an indicator of more oxygen-rich conditions.




To analyze the ancient sediment, Uveges worked with Junium, an associate professor of Earth and environmental sciences at Syracuse University. Junium specializes in studying how past environments evolved to better understand future global change. His state-of-the-art instruments were essential for obtaining accurate readings of trace nitrogen levels.

"The rocks that we analyzed for this study had very low nitrogen concentrations in them, too low to measure with the traditional instrumentation used for this work," says Uveges. "Chris has built one of only a handful of instruments in the world that can measure nitrogen isotope ratios in samples with 100 to 1,000 times less nitrogen in them than the typical minimum."

In Junium's lab, the team analyzed nitrogen isotope ratios from South African rock samples using an instrument called an Isotope Ratio Mass Spectrometer (IRMS). The samples were first crushed into powder, chemically treated to extract specific components, then converted into gas. This gas was ionized (turned into charged particles) and accelerated through a magnetic field, which separated the isotopes based on their mass. The IRMS then measured the ratio of 15N to 14N, which can reveal how nitrogen was processed in the past.

So how does this process reveal past oxygen levels? Microbes (short for microorganisms) influence the chemical makeup of sediments before they become rock, leaving behind isotopic signatures of how nitrogen was being processed and used. Tracking changes in 15N to 14N over time helps scientists understand how Earth's environment, particularly oxygen levels, evolved.

Rewriting the Oxygen Timeline

According to Uveges, the most surprising finding is a shift in the timing of the ocean's aerobic nitrogen cycle. Evidence suggests that nitrogen cycling became sensitive to dissolved oxygen roughly 100 million years earlier than previously thought -- indicating a significant delay between oxygen buildup in the ocean and its accumulation in the atmosphere.




Junium notes that these results mark a critical tipping point in the nitrogen cycle, when organisms had to update their biochemical machinery to process nitrogen in a more oxidized form that was harder for them to absorb and use.

"All of this fits with the emerging idea that the GOE was a protracted ordeal where organisms had to find the balance between taking advantage of the energy gains of oxygenic photosynthesis, and the gradual adaptations to dealing with its byproduct, oxygen," says Junium.

As oxygen produced through photosynthesis began to accumulate in the atmosphere, this rise in oxygen led to the extinction of many anaerobic organisms and set the stage for the evolution of aerobic respiration -- a process that uses oxygen to break down glucose and provides the energy needed for functions like muscle movement, brain activity and cellular maintenance in humans and other animals.

"For the first 2 plus billion years of Earth's history there was exceedingly little free oxygen in the oceans or atmosphere," says Uveges. "In contrast, today oxygen makes up one fifth of our atmosphere and essentially all complex multicellular life as we know it relies on it for respiration. So, in a way, studying the rise of oxygen and its chemical, geological and biological impacts is really studying how the planet and life co-evolved to arrive at the current situation."

Their findings reshape our understanding of when Earth's surface environments became oxygen-rich after the evolution of oxygen-producing photosynthesis. The research also identifies a key biogeochemical milestone that can help scientists model how different forms of life evolved before and after the GOE.

"I hope our findings will inspire more research into this fascinating time period," says Uveges. "By applying new geochemical techniques to the rock cores we studied, we can build an even more detailed picture of the GOE and its impact on life on Earth."

This work was funded by grants including: An NSF CAREER award (Syracuse University -- Christopher Junium) and a Simons Foundation Origins of Life Collaboration award (MIT -- Benjamin Uveges, Gareth Izon and Roger Summons).
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        Still on the right track? Researchers enable reliable monitoring of the Paris climate goals
        Global warming is continuously advancing. How quickly this will happen can now be predicted more accurately than ever before, thanks to a method developed by climate researchers. Anthropogenic global warming is set to exceed 1.5 degrees Celsius by 2028 and hence improved quantification of the Paris goals is proposed.

      

      
        Coastal flooding more frequent than previously thought
        Flooding in coastal communities is happening far more often than previously thought, according to a new study. The study also found major flaws with the widely used approach of using marine water level data to capture instances of flooding.

      

      
        Attachment theory: A new lens for understanding human-AI relationships
        Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.

      

      
        Researchers use deep learning to predict flooding this hurricane season
        Researchers have developed a deep learning model called LSTM-SAM that predicts extreme water levels from tropical cyclones more efficiently and accurately, especially in data-scarce coastal regions, to offer a faster, low-cost tool for flood forecasting.

      

      
        The EU should allow gene editing to make organic farming more sustainable, researchers say
        To achieve the European Green Deal's goal of 25% organic agriculture by 2030, researchers argue that new genomic techniques (NGTs) should be allowed without pre-market authorization in organic as well as conventional food production. NGTs -- also known as gene editing --- are classified under the umbrella of GMOs, but they involve more subtle genetic tweaks.

      

      
        Save twice the ice by limiting global warming
        A new study finds that if global warming exceeds the Paris Climate Agreement targets, the non-polar glacier mass will diminish significantly. However, if warming is limited to 1.5 degrees Celsius, at least 54 per cent could be preserved -- more than twice as much ice as in a 2.7 C scenario.

      

      
        Anthropologists spotlight human toll of glacier loss
        Anthropologists have examined the societal consequences of global glacier loss. This article appears alongside new research that estimates that more than three-quarters of the world's glacier mass could disappear by the end of the century under current climate policies.
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Collaboration can unlock Australia's energy transition without sacrificing natural capital | ScienceDaily
Decarbonizing Australia's economy and protecting the country's most critical natural resources are both possible but will require significant collaboration between energy developers, state and local governments, landowners, and interest groups, according to new research led by Princeton and The University of Queensland.


						
The research, published May 29 in Nature Sustainability, demonstrates that Australia can fully decarbonize its domestic and energy export economies by 2060 while avoiding harm to important areas for biodiversity outcomes, safeguarding agricultural activities, and respecting Indigenous land rights.

"The amount of land required for the energy transition is massive, and the speed at which we need to be deploying renewable infrastructure is unprecedented," said first author Andrew Pascale, research scholar in the Andlinger Center for Energy and the Environment. "At the same time, we've shown here that not only can it be done, but that it can and should be done while incorporating the perspectives of many different stakeholders."

If stakeholders work collaboratively to identify the most suitable areas for development, the researchers found it would be possible to site the over 110,000 square kilometers -- around 1.7 times the size of Tasmania -- of renewable energy infrastructure needed by 2060 to reach net-zero in Australia while preserving lands for biodiversity and agriculture.

If stakeholders refuse to compromise on their interests, however, it would lead not only to higher energy prices but also a clean energy shortfall of almost 500 gigawatts. Such a shortfall would undermine the modeled decarbonization pathway, potentially requiring an unwanted and likely costly pivot to an alternative.

"There are legitimate tensions surrounding renewable energy development," said co-author Chris Greig, theTheodora D. '78 & William H. Walton III '74 Senior Research Scientist in the Andlinger Center for Energy and the Environment. "There are values -- protecting biodiversity, respecting Indigenous estate, supporting farmers -- that must be respected and incorporated into planning processes alongside concerns about the climate."

The researchers drew from their prior work on the Net Zero Australia study, a multi-year, multi-institutional collaboration that charted unique pathways for Australia to fully decarbonize and maintain its domestic and export economy -- a nearly $6.2 trillion task (in 2020 U.S. dollars). During Net Zero Australia, the team consulted with stakeholder groups including the National Farmers Federation, National Native Title Council, and the Australian Conservation Foundation. In the present study, the team drew from those conversations to incorporate stakeholder values about land use into their technoeconomic model, identifying the most suitable lands for renewable energy development and those that should be excluded from consideration.




"In thinking about renewable energy planning, we're taking into account different biodiversity goals and protections for natural capital, which is critical for when you're trying to implement projects," said co-author James Watson, a professor of environmental management at The University of Queensland. "This is among the first works to put biodiversity and natural capital into the same picture as energy planning in Australia, which is a much-needed step in the right direction."

The researchers combined the modeling results and stakeholder input to propose a 'traffic-light' approach for siting renewable infrastructure. They identified where energy projects could be easiest to site (green), where they could be potentially sited pending further stakeholder engagement (orange), and where development would be off-limits (red).

The researchers contrasted their proposed system with the renewable energy zones that the Australian Energy Regulator uses for energy planning, noting that at least two existing renewable energy zones have over 90% overlap with biodiversity exclusion areas.

"There is a difference between modeling a net-zero pathway and planning one," Pascale said. "What looks good from the standpoint of resource quality and proximity to existing infrastructure might not hold when you simultaneously consider biodiversity and other national commitments. If 90% of the land in a proposed renewable energy zone will trigger a response from conservation groups, then it may be time to rethink."

Greig added that at a broader level, the research highlights the importance of flexible, robust net-zero pathways that account for land-use uncertainties. Such a methodology would require moving away from conventional, top-down modeling approaches to flexible pathways that are conscious of different and sometimes competing priorities for natural capital.

"We've identified a need for a government planning and approval process that integrates the diverse interests of energy development, Indigenous land rights, environmental values like biodiversity, and natural resources more broadly," said Greig. "Those perspectives are typically siloed, which is a recipe for decisions that make unacceptable tradeoffs and compromise biodiversity alongside Indigenous and farmers' rights."

The researchers suggested that an immediate planning goal would be to prioritize turning possible development sites (orange) into ones acceptable to diverse stakeholders (green) as quickly as possible.




They also underscored several uncertainties, such as missing critical habitat data for many Australian species and how all species might respond to climate change, which would require greater flexibility within individual transition pathways accompanied by regular model updates. If any unexpected and extreme changes in land availability exceed the flexibility designed in the pathway, the researchers acknowledged that the model's outcomes could change.

However, Watson said that such uncertainties should not prevent planners from using the best available data to take action on renewable energy development.

"We have to deal with the problem we are facing today, thinking about where endangered species are right now and focusing on keeping those habitats intact," said Watson. "We can take action while acknowledging we need better data, which is far preferable to simply forgetting or ignoring biodiversity."

"I see this paper as a wake-up call," he added. "The take-home message is that we need a clean energy future, and that we need to plan for that future -- and the large spatial footprint it will require -- without defeating our other societal goals."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/06/250603172908.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Guardrails, education urged to protect adolescent AI users | ScienceDaily
The effects of artificial intelligence on adolescents are nuanced and complex, according to a report from the American Psychological Association that calls on developers to prioritize features that protect young people from exploitation, manipulation and the erosion of real-world relationships.


						
"AI offers new efficiencies and opportunities, yet its deeper integration into daily life requires careful consideration to ensure that AI tools are safe, especially for adolescents," according to the report, entitled "Artificial Intelligence and Adolescent Well-being: An APA Health Advisory." "We urge all stakeholders to ensure youth safety is considered relatively early in the evolution of AI. It is critical that we do not repeat the same harmful mistakes made with social media."

The report was written by an expert advisory panel and follows on two other APA reports on social media use in adolescence and healthy video content recommendations.

The AI report notes that adolescence -- which it defines as ages 10-25 -- is a long development period and that age is "not a foolproof marker for maturity or psychological competence." It is also a time of critical brain development, which argues for special safeguards aimed at younger users.

"Like social media, AI is neither inherently good nor bad," said APA Chief of Psychology Mitch Prinstein, PhD, who spearheaded the report's development. "But we have already seen instances where adolescents developed unhealthy and even dangerous 'relationships' with chatbots, for example. Some adolescents may not even know they are interacting with AI, which is why it is crucial that developers put guardrails in place now."

The report makes a number of recommendations to make certain that adolescents can use AI safely. These include:

Ensuring there are healthy boundaries with simulated human relationships. Adolescents are less likely than adults to question the accuracy and intent of information offered by a bot, rather than a human.




Creating age-appropriate defaults in privacy settings, interaction limits and content. This will involve transparency, human oversight and support and rigorous testing, according to the report.

Encouraging uses of AI that can promote healthy development. AI can assist in brainstorming, creating, summarizing and synthesizing information -- all of which can make it easier for students to understand and retain key concepts, the report notes. But it is critical for students to be aware of AI's limitations.

Limiting access to and engagement with harmful and inaccurate content. AI developers should build in protections to prevent adolescents' exposure to harmful content.

Protecting adolescents' data privacy and likenesses. This includes limiting the use of adolescents' data for targeted advertising and the sale of their data to third parties.

The report also calls for comprehensive AI literacy education, integrating it into core curricula and developing national and state guidelines for literacy education.

"Many of these changes can be made immediately, by parents, educators and adolescents themselves," Prinstein said. "Others will require more substantial changes by developers, policymakers and other technology professionals."

Report: https://www.apa.org/topics/artificial-intelligence-machine-learning/health-advisory-ai-adolescent-well-being

In addition to the report, further resources and guidance for parents on AI and keeping teens safe and for teens on AI literacy are available at APA.org.
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DNA floating in the air tracks wildlife, viruses -- even drugs | ScienceDaily
Dublin is known as a city where you can enjoy a few pints of Guiness, get a warm welcome from the locals and hear lively traditional music drifting out of pubs and into the city air.


						
But it's not just music floating on the breeze. The air of Dublin also contains cannabis, poppy, even magic mushrooms -- at least their DNA.

That's according to a new study that reveals the power of DNA, vacuumed up from the air, which can track everything from elusive bobcats to illicit drugs.

"The level of information that's available in environmental DNA is such that we're only starting to consider what the potential applications can be, from humans, to wildlife to other species that have implications for human health," said David Duffy, Ph.D., a professor of wildlife disease genomics at the University of Florida and lead author of a new study showing the widespread utility of DNA vacuumed from the air.

Housed at UF's Whitney Laboratory for Marine Bioscience, Duffy's lab developed new methods for deciphering environmental DNA, also known as eDNA, to study sea turtle genetics. They've expanded the tools to study every species -- including humans -- from DNA captured in environmental samples like water, soil and sand.

But these errant strands of DNA do not just settle into muddy soil or flow along rivers. The air itself is infused with genetic material. A simple air filter running for hours, days or weeks can pick up signs of nearly every species that grows or wanders nearby.

"When we started, it seemed like it would be hard to get intact large fragments of DNA from the air. But that's not the case. We're actually finding a lot of informative DNA," Duffy said. "That means you can study species without directly having to disturb them, without ever having to see them. It opens up huge possibilities to study all the species in an area simultaneously, from microbes and viruses all the way up to vertebrates like bobcats and humans, and everything in between."

As a proof of concept, the researchers showed that they could pick up signs of hundreds of different human pathogens from the Dublin air, including viruses and bacteria. Such surveillance could help scientists track emerging diseases. The same method can track common allergens, like peanut or pollen, more precisely than is currently possible, the scientists discovered.




In another test of the power of eDNA, Duffy's lab was also able to identify the origin of bobcats and spiders whose DNA was hoovered up from air in a Florida forest. With little more than an air filter, scientists could track endangered species and identify where they came from, all without having to lay eyes on skittish animals or root around forest floors for scat samples. When trying to save and conserve wildlife, knowing where an animal originates from can be as important as knowing where it currently is.

This powerful analysis was paired with impressive speed and efficiency. The team demonstrated that a single researcher could process DNA for every species in as little as a day using compact, affordable equipment, and software hosted in the cloud. That quick turnaround is orders of magnitude faster than would have been possible just a few years ago and opens up advanced environmental studies to more scientists around the world. The same tools can potentially identify sensitive human genetic data, which is why Duffy and his collaborators have called for ethical guardrails for the rapidly developing field of eDNA.

"It seems like science fiction, but it's becoming science fact," Duffy said. "The technology is finally matching the scale of environmental problems."
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Still on the right track? Researchers enable reliable monitoring of the Paris climate goals | ScienceDaily
Global warming is continuously advancing. How quickly this will happen can now be predicted more accurately than ever before, thanks to a method developed by climate researcher Gottfried Kirchengast and his team at the University of Graz. For the first time, this method enables reliable monitoring of the Paris climate goals and shows that temperatures are rising faster than expected in the latest IPCC report. The new findings have just been published in the scientific journal Communications Earth & Environment.


						
In the Paris Agreement of 2015, the international community of countries agreed to limit global warming to well below 2 degC, and preferably to 1.5 degC, compared to pre-industrial levels. This refers to the increase in global surface air temperature, inspected at any time of interest as an average over 20 years. The latest IPCC report expected the 1.5 degC threshold to be reached between 2030 and 2035. Climate researcher Gottfried Kirchengast from the Wegener Center and Institute of Physics at the University of Graz now has to revise this estimate: "Our new results show that we will exceed this limit as early as 2028 -- with a standard deviation range of plus/minus two years. The benchmark record we have developed shows the global temperature rise with unprecedented reliability and therefore allows us for the first time to also propose an assessment scale to verify whether the Paris climate goals are being met or missed," the scientist points out.

Reference standard for global warming

Over the oceans, conventional monitoring of global warming does not use the air temperature above the water surface, but rather the temperature of the top few meters of seawater, such as recorded directly by drifting buoys. This results in an uncertainty that could not be properly corrected so far. The researchers at the University of Graz have now succeeded in doing so. Based on the best available data sources from international climate centers, they computed a new benchmark record for the period from 1850 to 2024, complemented by predictions up to 2034 and scenarios to 2050. "Our data show a six percent higher increase in global surface air temperature than the conventional monitoring," says Kirchengast. "And we can distinguish the human-induced temperature increase from specific climate phenomena like El Nino and other natural fluctuations, and predict the annual mean temperature of any current year, such as now for 2025, as early as from August," adds the co-author of the publication, Moritz Pichler from the Wegener Center.

Compliance assessment for the Paris Agreement

Building on the reliable monitoring of global warming, the researchers propose a four-classes assessment scale to quantitatively gauge to what degree the Paris climate goals are being met or missed. "This creates a completely new compliance assessment basis for the political and legal implementation of the agreement," explains Kirchengast. He suggests further standardization in the context of the World Meteorological Organization and the IPCC, to provide it as an official assessment method for the Paris Agreement member countries. "It is important to provide clarity for the Paris climate goals so that policymakers and all of us know where we actually stand and what it needs to meet them," emphasizes the researcher, proposing as a complement to the 1.5deg C goal that the imprecise wording 'well below 2 degC' be firmly defined as 'below 1.7 degC'. "It is high time to make these internationally binding targets for limiting global warming truly measurable and verifiable in order to underpin the urgently needed climate action by a generally valid climate-physics foundation," concludes Kirchengast.
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Coastal flooding more frequent than previously thought | ScienceDaily
Flooding in coastal communities is happening far more often than previously thought, according to a new study from North Carolina State University and the University of North Carolina at Chapel Hill. The study also found major flaws with the widely used approach of using marine water level data to capture instances of flooding.


						
"Government agencies and researchers use data from tide gauges to measure water levels in coastal areas, then use that data to estimate flood frequency in the region," says Miyuki Hino, corresponding author of a paper on the study and assistant professor of city and regional planning at UNC. "Those estimates are used both to assess how often flooding has taken place and to predict how often flooding may take place in the future. However, our study shows that this approach does not accurately capture how often flooding takes place or how long those floods last."

"Due to sea-level rise, we're now seeing flooding in coastal areas outside of extreme storms like hurricanes," says Katherine Anarde, co-author of the paper and an assistant professor of coastal engineering at NC State. "There can be flooding during everyday rain showers or at high tide on sunny days. It's important that the methodology we use to monitor and predict flooding reflects this reality, since sea-level rise means these flooding events are going to become even more common.

"Our research shows you need land-based measures of flooding to capture the burden on coastal residents, which can inform policy and planning decisions moving forward," Anarde says.

Anarde and Hino are part of the Sunny Day Flooding Project, a research initiative focused on improving flood monitoring, broadening our understanding of coastal flooding, and identifying the most effective flood mitigation strategies.

At present, there are two widely accepted "thresholds" used to infer flooding on land based on tide gauge data: the National Oceanic and Atmospheric Administration (NOAA) High Tide Flooding threshold (HTF) and the National Weather Service's minor flood threshold (NWS).

For this study, the researchers made use of data from a network of land-based sensors that their team designed to identify flooded roadways and deployed across eastern North Carolina. The researchers focused on a year of data from sensors in three communities: Beaufort, Carolina Beach and Sea Level.




During the study period, the sensors detected flooding on 26 days in Beaufort, 65 days in Carolina Beach and 128 days in Sea Level.

"These numbers were very different from what the HTF and NWS thresholds tell us based on water levels at tide gauges," Anarde says. "In general, the thresholds drastically underestimated the number of floods. For example, when you subtract floods associated with extreme storms, we recorded flooding on 122 days in Sea Level. But if you looked at the data from the closest tidal gauge, the NWS threshold inferred that there were 31 days of flooding. And the HTF threshold inferred only nine days of flooding.

"However, the NWS threshold sometimes overestimates the number of flood days," Anarde says. "For example, Carolina Beach had 65 days of flooding, but if you applied the NWS threshold using data from the closest tidal gauge, it inferred that there were 120 days of flooding."

"In addition to being inaccurate in terms of how often it is flooding, our findings also show that the actual duration of the floods is longer than is captured by the HTF and NWF thresholds," Hino says. "Essentially, the thresholds don't adequately account for how long it takes water to drain off of land."

"More accurate information on coastal flooding can inform where and how we invest resources in building more resilient communities," says Anarde. "It's hard to design an efficient solution when you don't know the scope of the problem."

Anarde and Hino are now working with partner communities to identify and evaluate response strategies that can mitigate the impacts of chronic flooding.

"Every community is unique, so there's no one-size-fits-all solution," says Hino. "But with more accurate data, we can help communities assess what response strategy is best for them, now and in the future."

The paper, "Land-based Sensors Reveal High Frequency of Coastal Flooding," will be published June 2 in the open-access journal Nature Communications Earth & Environment. The paper was co-authored by Ryan McCune and Thomas Thelen, Ph.D. students at NC State; Elizabeth Farquhar, a research associate at NC State; Perri Woodard, an undergraduate student at NC State; Tessa Fridell, a former undergraduate student at UNC; and Anthony Whipple, a research technician at UNC.

This work was done with support from the U.S. Department of Homeland Security under grant number 2015-ST-061-ND0001-01. The views and conclusions contained herein are those of the researchers and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the U.S Department of Homeland Security. The work was also done with support from North Carolina Sea Grant under institution grant NA22OAR4170109; the National Science Foundation's Human-Environment and Geographical Systems Program under grant BCS-2215195; NOAA's Climate Adaptation Partnerships program and the Bipartisan Infrastructure Law, under grant NA23OAR4310474; NASA, under grant 80NSSC24K0504; the North Carolina Department of Transportation, under grant RP2024-56; the Gulf Research Program Early-Career Research Fellowship, under award 2000013691-2022; and the Eunice Kennedy Shriver National Institute of Child Health and Human Development, under award 5-K01-HD112604-02. The researchers also thank their community partners in the Town of Beaufort, the Town of Carolina Beach, and the Core Sound Waterfowl Museum and Heritage Center for their support.
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Attachment theory: A new lens for understanding human-AI relationships | ScienceDaily
Human-AI interactions are well understood in terms of trust and companionship. However, the role of attachment and experiences in such relationships is not entirely clear. In a new breakthrough, researchers from Waseda University have devised a novel self-report scale and highlighted the concepts of attachment anxiety and avoidance toward AI. Their work is expected to serve as a guideline to further explore human-AI relationships and incorporate ethical considerations in AI design.


						
Artificial intelligence (AI) is ubiquitous in this era. As a result, human-AI interactions are becoming more frequent and complex, and this trend is expected to accelerate soon. Therefore, scientists have made remarkable efforts to better understand human-AI relationships in terms of trust and companionship. However, these man-machine interactions can possibly also be understood in terms of attachment-related functions and experiences, which have traditionally been used to explain human interpersonal bonds.

In an innovative work, which incorporates two pilot studies and one formal study, a group of researchers from Waseda University, Japan, including Research Associate Fan Yang and Professor Atsushi Oshio from the Faculty of Letters, Arts and Sciences, has utilized attachment theory to examine human-AI relationships. Their findings were recently published online in the journal Current Psychology on May 9, 2025.

Mr. Yang explains the motivation behind their research. "As researchers in attachment and social psychology, we have long been interested in how people form emotional bonds. In recent years, generative AI such as ChatGPT has become increasingly stronger and wiser, offering not only informational support but also a sense of security. These characteristics resemble what attachment theory describes as the basis for forming secure relationships. As people begin to interact with AI not just for problem-solving or learning, but also for emotional support and companionship, their emotional connection or security experience with AI demands attention. This research is our attempt to explore that possibility."

Notably, the team developed a new self-report scale called the Experiences in Human-AI Relationships Scale, or EHARS, to measure attachment-related tendencies toward AI. They found that some individuals seek emotional support and guidance from AI, similar to how they interact with people. Nearly 75% of participants turned to AI for advice, while about 39% perceived AI as a constant, dependable presence.

This study differentiated two dimensions of human attachment to AI: anxiety and avoidance. An individual with high attachment anxiety toward AI needs emotional reassurance and harbors a fear of receiving inadequate responses from AI. In contrast, a high attachment avoidance toward AI is characterized by discomfort with closeness and a consequent preference for emotional distance from AI.

However, these findings do not mean that humans are currently forming genuine emotional attachments to AI. Rather, the study demonstrates that psychological frameworks used for human relationships may also apply to human-AI interactions. The present results can inform the ethical design of AI companions and mental health support tools. For instance, AI chatbots used in loneliness interventions or therapy apps could be tailored to different users' emotional needs, providing more empathetic responses for users with high attachment anxiety or maintaining respectful distance for users with avoidant tendencies. The results also suggest a need for transparency in AI systems that simulate emotional relationships, such as romantic AI apps or caregiver robots, to prevent emotional overdependence or manipulation.

Furthermore, the proposed EHARS could be used by developers or psychologists to assess how people relate to AI emotionally and adjust AI interaction strategies accordingly.

"As AI becomes increasingly integrated into everyday life, people may begin to seek not only information but also emotional support from AI systems. Our research highlights the psychological dynamics behind these interactions and offers tools to assess emotional tendencies toward AI. Lastly, it promotes a better understanding of how humans connect with technology on a societal level, helping to guide policy and design practices that prioritize psychological well-being," concludes Mr. Yang.
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Researchers use deep learning to predict flooding this hurricane season | ScienceDaily
The 2025 hurricane season officially begins on June 1, and it's forecast to be more active than ever, with potentially devastating storms whose heavy rainfall and powerful storm surges cause dangerous coastal flooding.


						
Extreme water levels -- like the 15 feet of flooding Floridians saw during Hurricane Helene in 2024 -- threaten lives, wash away homes, and damage ecosystems. But they can be difficult to predict without complex, data-intensive computer models that areas with limited resources can't support.

A recent study published in Water Resources Research by civil and environmental engineering graduate student Samuel Daramola, along with faculty advisor David F. Munoz and collaborators Siddharth Saksena, Jennifer Irish, and Paul Munoz from Vrije Universiteit Brussel in Belgium, introduces a new deep learning framework to predict the rise and fall of water levels during storms -- even in places where tide gauges fail or data is scarce -- through a technique known as "transfer learning."

The framework, called Long Short-Term Memory Station Approximated Models (LSTM-SAM), offers faster and more affordable predictions that enable smarter decisions about when to evacuate, where to place emergency resources, and how to protect infrastructure when hurricanes approach. For emergency planners, local governments, and disaster response teams, it could be a game-changer -- and could save lives.

Addressing the challenge of predicting floods with transfer learning

Predicting when and where extreme water levels will strike -- especially during compound floods, when multiple flooding sources, like rain and storm surge, combine to intensify flooding -- is crucial for protecting vulnerable communities.

However, conventional physical-based models rely on detailed information about weather patterns, ocean conditions, and local geography. Gathering and processing this data is time consuming and expensive, limiting the models' use to areas with long-term data records and high-powered computers.




To overcome these limitations, the research team developed LSTM-SAM, a deep-learning framework that analyzes patterns from past storms to predict water level rise during future storms. What makes this model especially useful is its ability to extrapolate from one geographic area's data to make predictions for another locale that doesn't have a lot of its own data. By borrowing knowledge and applying it locally, it makes accurate flood prediction more widely available.

"Our goal was to create an efficient transfer learning method that leverages pre-trained deep learning models," said Daramola. "This is key to quickly assessing many flood-prone areas after a hurricane."

Testing with coastal flood predictions

The researchers tested LSTM-SAM at tide gauge stations along the Atlantic coast of the United States, a region frequently impacted by hurricanes and other major storms. They found that the model was able to accurately predict the onset, peak, and decline of storm-driven water levels. The model was even able to reconstruct water levels for tide-gauge stations damaged by hurricanes, such as the station in Sandy Hook, New Jersey, which failed during Hurricane Sandy in 2012.

Researchers plan on using the LSTM-SAM framework during the upcoming hurricane season, where they can test it as storms roll in nearly in real time. They've also made the code available in the GitHub repository of the CoRAL Lab, where scientists, emergency planners, and government leaders can download it for free. The program runs on a laptop in a matter of minutes and could be especially helpful for smaller towns or regions in developing countries where access to high-end computing tools or detailed environmental data is limited.

"Other studies have relied on repetitive patterns in the training data," Daramola said. "Our approach is different. We highlight extreme changes in water levels during training, which helps the model better recognize important patterns and perform more reliably in those areas."

As the frequency of hurricane events and their socioeconomic impact is likely to increase in the future, the need for reliable flood prediction frameworks is of paramount importance. Advanced deep learning tools like LSTM-SAM could become essential in helping coastal communities prepare for the new normal, opening the door to smarter, faster, and more accessible flood predictions associated with tropical cyclones.

Original study: DOI 10.1029/2024WR039054

This research was made possible by support from the National Science Foundation, CAS-Climate Program, and the Virginia Sea Grant Fellowship. 
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The EU should allow gene editing to make organic farming more sustainable, researchers say | ScienceDaily
To achieve the European Green Deal's goal of 25% organic agriculture by 2030, researchers argue that new genomic techniques (NGTs) should be allowed without pre-market authorization in organic as well as conventional food production. NGTs -- also known as gene editing- -- are classified under the umbrella of GMOs, but they involve more subtle genetic tweaks. In an opinion paper publishing May 30 in the Cell Press journal Cell Reports Sustainability, the researchers describe how NGTs could enable rapid development of crops that are climate resilient, produce higher yields, and require less fertilizers and pesticides.


						
"This is an excellent opportunity to modernize European agriculture, to make it more science based, and to support the goal of improving sustainability inside the European Union," says first author Alexandra Molitorisova, a food law researcher at the University of Bayreuth.

Currently, 10% of EU farming areas are organic. Though organic farming can reduce carbon emissions and pollution from fertilizer and pesticides, Molitorisova's team says that these benefits could be negated by biodiversity losses due to expanding agricultural land, since organic agriculture requires more land to grow the same amount of food.

"The target of 25% organic land is unlikely to ensure sustainable food production in the EU if modern biotechnology, such as NGTs, is excluded from organic farming," says Molitorisova.

European institutions are currently debating how to regulate NGTs -- which did not exist when the EU legislation on GMOs was adopted in 2001 -- in response to a proposal from the European Commission that NGT usage be allowed in conventional but not organic farming.

"Research suggests that NGTs are still something that European consumers are not completely aware of -- they just do not distinguish between NGTs and GMOs," says senior author Kai Purnhagen, Professor of Food Law at the University of Bayreuth. "There are strong indications that consumers would be willing to accept these technologies if they yield substantial benefits, and the Commission's proposal for new regulation allowing NGTs in conventional farming points in this direction."

Though NGT crops are still developed through genetic alteration, the processes usually don't involve the insertion of DNA from non-plant species. This means that, in theory, identical crops could be developed using conventional breeding methods, though it would take decades rather than months. For these reasons, the researchers argue that NGTs and GMOs should be defined and regulated separately, including in organic production.




"From the consumer's perception of naturalness, the normal breeding process is between two crossable varieties, and that is also what happens with NGTs," says Molitorisova. "So, if consumers understand the nature and benefits of this technology, it should be easier for them to accept it compared with GMOs, which might involve inserting a gene from a non-plant organism into a plant genome."

The researchers also note that the most common type of NGT, targeted mutagenesis, is very similar to mutagenesis -- which uses chemical or radioactive substances to induce random genetic mutations and has never been subject to GMO regulation in the EU, even for organic farms.

"If mutagenesis had not been exempted from GMO legislation, the estimation is that 80%-90% of the cereal products on the European market would have been subject to GMO labeling," says Purnhagen.

The team highlights that allowing NGTs in conventional but not organic agriculture creates a formidable hurdle in terms of NGT identification, labeling, and traceability.

"At the moment, there are unresolved practical problems with the identification of NGTs inside of food, feed, or seeds," says Molitorisova. "One rational alternative is to allow NGTs in organic production, because if NGT organisms are not identifiable, they are also technically unavoidable."

Ultimately, the researchers say that the decision to allow NGTs in organic farming should be made by the organic farming and consumer communities -- for example, by way of citizens' juries or food councils.

"Organic consumers care about the environment and sustainability. For organic farmers, accepting this technology is a way to speak to those consumers," says Purnhagen.
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Save twice the ice by limiting global warming | ScienceDaily

In the new study, an international team of 21 scientists from ten countries used eight glacier models to calculate the potential ice loss from more than 200,000 glaciers outside of Greenland and Antarctica. The team evaluated a wide range of global temperature scenarios, assuming that temperatures would remain constant for thousands of years in each scenario.

"The choices we make today will resonate for centuries, determining how much of our glaciers can be preserved," says Harry Zekollari, co-lead author from Vrije Universiteit Brussel, who began this research as a postdoctoral fellow at the Chair of Glaciology in the Department of Civil, Environmental and Geomatic Engineering (D-BAUG) at ETH Zurich.

Looking beyond 2100 reveals new insights

In all scenarios, the glaciers lose mass rapidly over decades and then continue to melt at a slower pace for centuries -- even without additional warming. This long-term response means glaciers will continue to feel the effects of today's heat far into the future, gradually retreating to higher altitudes before reaching a new equilibrium.

"One of the key strengths of our study is that we were able, for the first time, to project global glacier evolution over multi-centennial timescales, and did so using eight models instead of one or two," explains Harry Zekollari. "Most glacier studies stop at 2100, which is problematic when simulating the long-term impact of today's climate policies, given the long-term response of glaciers over time."

For example, while studies limited to the year 2100 estimate that around 20 per cent of today's glacier mass will be lost regardless of future warming, the new study reveals that nearly twice as much would vanish under present-day conditions when multi-centennial timescales are considered. "We find that around 40 per cent of glacier mass is effectively 'doomed' to disappear," says co-lead author Harry Zekollari.




Melting glaciers reveal the reality of global warming

"Glaciers are good indicators of climate change because their retreat allows us to see with our own eyes how climate is changing. However, since they adjust over longer timescales, their current size vastly understates the magnitude of climate change that has already happened. The situation for glaciers is actually far worse than visible in the mountains today," says co-lead author Lilian Schuster from the University of Innsbruck.

Beyond contributing to sea-level rise, glacier loss has far-reaching consequences. It threatens freshwater availability, increases the risk of glacier-related hazards such as floods and landslides, and jeopardizes glacier-fed tourism economies. These cascading impacts will be felt across regions and generations.

"These effects underscore the critical importance of present-day climate policies," says Harry Zekollari. "Our study makes it painfully clear that every fraction of a degree matters. If we manage to limit global warming to +1.5degC instead of +2.7degC, we could still save twice as much glacier ice."

Current policies are projected to lead to an average global warming of around +2.7degC. As Zekollari emphasizes, the degree of warming between +1.5degC and +3.0degC plays a decisive role in glacier loss. Put simply: for every additional 0.1degC of warming, the world risks losing approximately 2per cent more of its glacier ice.

Contributing to the UN-Year of Glaciers' Preservation

"This study is a major contribution to the United Nations International Year of Glaciers' Preservation, emphasizing the urgent need for global climate action to protect the world's glaciers," says Daniel Farinotti, Professor of Glaciology at ETH Zurich and the Swiss Federal Institute for Forest, Snow and Landscape Research WSL.




His research group at the Laboratory of Hydraulics, Hydrology and Glaciology (VAW) played a central role in producing the new findings. The entire study led by Zekollari and Schuster was conducted as part of the Glacier Model Intercomparison Project (GlacierMIP) and coordinated by the Climate and Cryosphere (CliC) Project of the World Climate Research Programme (WCRP).

Farinotti notes that the release of the Science study coincides with the opening of the High-Level International Conference on Glaciers' Preservation, initiated by the President of Tajikistan through the United Nations (UN) Resolution that established both the UN Year of Glaciers' Preservation and, later, the UN Decade of Action for the Cryospheric Sciences 2025-2034.

On the Swiss side, the Federal Department of Foreign Affairs (FDFA) was invited to support the organisation of the event, particularly in drafting what is intended to become the "Dushanbe Glacier Declaration." Daniel Farinotti, for his part, is acting as an advisor to the FDFA in the preparation of the declaration.
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Anthropologists spotlight human toll of glacier loss | ScienceDaily
In an important contribution from the social sciences, Rice University anthropologists Cymene Howe and Dominic Boyer examine the societal consequences of global glacier loss in a commentary published today in Science.


						
Their article appears alongside new research that estimates that more than three-quarters of the world's glacier mass could disappear by the end of the century under current climate policies. While the study projects the physical outcomes of glacial melt, Howe and Boyer highlight the social impacts and human stories behind the statistics -- from disrupted ecosystems and endangered cultural heritage to funeral rites held for vanished ice.

"Often statistics about glacier loss can feel abstract and distant. But glaciers have literally shaped the ground we walk on, and they provide crucial water resources to about 2 billion people. For people who have lived near glaciers, their cultural meanings are often profound, representing the fundamental relationship between social and natural worlds " said Howe, professor of anthropology and co-director of Rice's Program in Science and Technology Studies.

The commentary draws from the authors' ongoing work on the Global Glacier Casualty List, a Rice-based digital platform that documents glaciers that have melted or are critically endangered. The project blends climate science, social science and community narratives to memorialize a rapidly disappearing part of Earth's cryosphere.

"The past five years have been the worst five years for glaciers since ice loss has been tracked scientifically. We're now losing 273 billion tons of ice globally each year, but there's a feeling that even these staggering losses aren't enough to motivate needed climate action," said Boyer, professor of anthropology and co-director of the Center for Coastal Futures and Adaptive Resilience. "This is where we think the social sciences can work together with glaciologists and climate scientists to explain why these losses matter and how many lives and communities are impacted when these amazing landscapes disappear."

Their publication marks an uncommon appearance by social scientists in Science, which primarily features research in the natural and physical sciences. The authors argue that addressing the impacts of climate change requires not only scientific measurement but also cultural understanding, public memory and collective action.

"As glacial loss accelerates, so do the social and emotional responses to environmental change," they write.

The United Nations has designated 2025 as the International Year of Glaciers' Preservation. Howe and Boyer emphasize that global climate goals, such as limiting warming to 1.5 degrees Celsius above preindustrial levels, could still preserve a significant portion of the world's glaciers and prevent the erosion of ecosystems, economies and cultural lifeways connected to them.

"Most people on Earth will never have a chance to be in the presence of a glacier, but their loss affects us all. We still have a chance to preserve half the world's remaining glaciers if we act together -- and immediately -- to reduce global warming," Howe said. "We have lost a lot, but there is still so much that can be saved for us and the generations that will come after us: They deserve to know the magnificence and meaning of these great bodies of ice."

The commentary was supported by the National Science Foundation's Office of Polar Programs.
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        Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict
        Astronomers have revealed new research showing that millions of new solar system objects are likely to be detected by a brand-new facility, which is expected to come online later this year.

      

      
        First direct observation of the trapped waves that shook the world in 2023
        A new study has finally confirmed the theory that the cause of extraordinary global tremors in September -- October 2023 was indeed two mega tsunamis in Greenland that became trapped standing waves. Using a brand-new type of satellite altimetry, the researchers provide the first observations to confirm the existence of these waves whose behavior is entirely unprecedented.

      

      
        Black holes could act as natural supercolliders -- and help uncover dark matter
        Supermassive black holes might naturally replicate the colossal energies of man-made particle colliders possibly even revealing dark matter offering a cosmic shortcut to discoveries that would otherwise take decades and billions to pursue.

      

      
        Webb reveals the origin of the ultra-hot exoplanet WASP-121b
        Tracing the origin of an ultra-hot exoplanet: The chemical composition of WASP-121b suggests that it formed in a cool zone of its natal disc, comparable to the region of gas and ice giants in our Solar System. Methane indicates unexpected atmospheric dynamics: Despite extreme heat, methane was detected on the nightside -- a finding that can be explained by strong vertical atmospheric circulation. First detection of silicon monoxide in a planetary atmosphere: Measurements of this refractory gas al...

      

      
        Dancing brainwaves: How sound reshapes your brain networks in real time
        What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study, your brain doesn't just hear it -- it reorganizes itself in real time.

      

      
        Researchers recreate ancient Egyptian blues
        Researchers have recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.

      

      
        New laser smaller than a penny can measure objects at ultrafast rates
        Researchers have engineered a laser device smaller than a penny that they say could power everything from the LiDAR systems used in self-driving vehicles to gravitational wave detection, one of the most delicate experiments in existence to observe and understand our universe.

      

      
        Long shot science leads to revised age for land-animal ancestor
        The fossils of ancient salamander-like creatures in Scotland are among the most well-preserved examples of early stem tetrapods -- some of the first animals to make the transition from water to land. Thanks to new research, scientists believe that these creatures are 14 million years older than previously thought. The new age -- dating back to 346 million years ago -- adds to the significance of the find because it places the specimens in a mysterious hole in the fossil record called Romer's Gap.

      

      
        Birds nested in Arctic alongside dinosaurs
        Spring in the Arctic brings forth a plethora of peeps and downy hatchlings as millions of birds gather to raise their young. The same was true 73 million years ago, according to a new article. The paper documents the earliest-known example of birds nesting in the polar regions.

      

      
        New quantum visualization technique to identify materials for next generation quantum computing
        Scientists have developed a powerful new tool for finding the next generation of materials needed for large-scale, fault-tolerant quantum computing. The significant breakthrough means that, for the first time, researchers have found a way to determine once and for all whether a material can effectively be used in certain quantum computing microchips.
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Millions of new solar system objects to be found and 'filmed in technicolor' -- studies predict | ScienceDaily
A group of astronomers from across the globe, including a team from the University of Washington and led by Queen's University Belfast, have revealed new research showing that millions of new solar system objects will be detected by a brand-new facility, which is expected to come online later this year.


						
The NSF-DOE Vera C. Rubin Observatory is set to revolutionize our knowledge of the solar system's "small bodies" -- asteroids, comets and other minor planets.

The Rubin Observatory, under construction on the Cerro Pachon ridge in northern Chile, features the 8.4-meter Simonyi Survey Telescope with a unique three-mirror design capable of surveying the entire visible sky every few nights. At its heart is the world's largest digital camera -- the 3.2 gigapixel Legacy Survey of Space and Time (LSST) Camera -- covering a 9.6 square-degree field of view with six filters, roughly 45 times the area of the full moon. Together, this "wide-fast-deep" system will generate 20 terabytes of data every night -- creating an unprecedented time-lapse "movie" of the cosmos over the next 10 years, and an incredibly powerful dataset with which to map the solar system.

The team of astronomers, led by Queen's University's Meg Schwamb, created Sorcha, an innovative new open-source software used to predict what discoveries are likely to be made. Sorcha is the first end-to-end simulator that ingests Rubin's planned observing schedule. It applies assumptions on how Rubin Observatory sees and detects astronomical sources in its images with the best model of what the solar system and its small body reservoirs look like today.

"Accurate simulation software like Sorcha is critical," said Schwamb, a reader in the School of Mathematics and Physics at Queen's University. "It tells us what Rubin will discover and lets us know how to interpret it. Our knowledge of what objects fill Earth's solar system is about to expand exponentially and rapidly."

In addition to the eight major planets, the solar system is home to a vast population of small bodies that formed alongside the planets more than 4.5 billion years ago. Many of these smaller bodies remain essentially unchanged since the solar system's birth, acting as a fossil record of its earliest days. By studying their orbits, sizes and compositions, astronomers can reconstruct how planets formed, migrated and evolved.

These objects -- numbering in the tens of millions -- -- provide a powerful window into processes such as the delivery of water and organic material to Earth, the reshaping of planetary orbits by giant planets and the ongoing risk posed by those whose paths bring them near our planet.




In addition to Queen's University and the UW, the international team includes researchers from the Center for Astrophysics | Harvard & Smithsonian and the University of Illinois Urbana-Champaign.

A series of papers describing the software and the predictions have been accepted for publication by The Astronomical Journal.

Beyond just finding these new small bodies, Rubin Observatory will observe them multiple times using different optical filters, revealing their surface colors. Past solar system surveys typically observed with a single filter.

"With the LSST catalog of solar system objects, our work shows that it will be like going from black-and-white television to brilliant color," said Joe Murtagh, a doctoral student at Queen's University. "It's very exciting -- we expect that millions of new solar system objects will be detected and most of these will be picked up in the first few years of sky survey."

The team's simulations show that Rubin will map:
    	    127,000 near-Earth objects -- asteroids and comets whose orbits cross or approach Earth. That's more than tripling today's known objects, about 38,000, and detecting more than 70% of potentially hazardous bodies larger than 140 meters. This will cut the risk of undetected asteroid impact of catastrophic proportions by at least two times, making a tremendous contribution to planetary defense.
    
    	    


Over 5 million main-belt asteroids, up from about 1.4 million, with precise color and rotation data on roughly one in three asteroids within the survey's first years. This will give scientists unprecedented insight into the characteristics and history of the solar system's building blocks.
    
    	    109,000 Jupiter Trojans, bodies sharing Jupiter's orbit at stable "Lagrange" points -- more than seven times the number cataloged today. These bodies represent some of the most pristine material dating all the way back to the formation of the planets.
    
    	    37,000 trans-Neptunian objects, residents of the distant Kuiper Belt -- nearly 10 times the current census -- shedding light on Neptune's past migration and the outer solar system's history.
    
    	    Approximately 1,500-2,000 Centaurs, bodies on short-lived giant planet-crossing orbits in the middle solar system. Most Centaurs will eventually be ejected from the solar system, but a few lucky ones will survive to become short-period comets. The LSST will provide the first detailed view of the Centaurs and the important transition stage from Centaur to comet. 
    

Rubin Observatory's LSST is a once-in-a-generation opportunity to fill in the missing pieces of our solar system, said Mario Juric, a member of the Sorcha team and a UW professor of Astronomy. Juric also is a team lead of Rubin's Solar System Processing Pipelines and a director of UW's DiRAC Institute.

"Our simulations predict that Rubin will expand known small-body populations by factors of 4-9x, delivering an unprecedented trove of orbits, colors and light curves," Juric said. "With this data, we'll be able to update the textbooks of solar system formation and vastly improve our ability to spot -- and potentially deflect -- the asteroids that could threaten Earth."

It took 225 years of astronomical observations to detect the first 1.5 million asteroids, and researchers found that Rubin will double that number in less than a year, said Jake Kurlander, a doctoral student at the UW.

"Rubin's unparalleled combination of breadth and depth make it a uniquely effective discovery machine," Kurlander said.

Siegfried Eggl, an assistant professor of Aerospace Engineering at the University of Illinois Urbana-Champaign added: "Only by debiasing LSST's complex observing pattern can we turn raw detections into a true reflection of the solar system's history -- where the planets formed, and how they migrated over billions of years. Sorcha is a game changer in that respect."

The Sorcha code is open-source and freely available with the simulated catalogs, animations at https://sorcha.space. By making these resources available, the Sorcha team has enabled researchers worldwide to refine their tools and be ready for the flood of LSST data that Rubin will generate, advancing the understanding of the small bodies that illuminate the solar system like never before.

Rubin Observatory is scheduled to unveil its first spectacular imagery at its "First Look" event on June 23, offering the world an early glimpse of the survey's power. Full science operations are slated to begin later this year.
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First direct observation of the trapped waves that shook the world in 2023 | ScienceDaily
In September 2023, a bizarre global seismic signal was observed which appeared every 90 seconds over nine days -- and was then repeated a month later. Almost a year later, two scientific studies proposed that the cause of these seismic anomalies were two mega tsunamis which were triggered in a remote East Greenland fjord by two major landslides which occurred due to warming of an unnamed glacier. The waves were thought to have become trapped in the fjord system, forming standing waves (or seiches) that undulated back and forth, causing the mystery signals.


						
However, up to now no observations of these seiches existed to confirm this theory. Even a Danish military vessel which visited the fjord three days into the first seismic event did not observe the wave which was shaking the Earth.

In the new study, the Oxford researchers used novel analysis techniques to interpret satellite altimetry data. This measures the height of the Earth's surface (including the ocean) by recording how long it takes for a radar pulse to travel from a satellite to the surface and back again. Up to now, conventional satellite altimeters were not able to capture evidence of the wave due to long gaps between observations, and the fact that they sample data directly beneath the spacecraft, producing 1D profiles along the sea-surface. This makes them incapable of depicting the differences in water height needed to spot the waves.

This study used data captured by the new Surface Water Ocean Topography (SWOT) satellite, launched in December 2022 to map the height of water across 90% of Earth's surface. At the heart of SWOT is the cutting-edge Ka-band Radar Interferometer (KaRIn) instrument, which uses two antennas mounted on a 10-meter boom on either side of the satellite. These two antennas work together to triangulate the return signals that bounce back from the radar pulse -- enabling them to measure ocean and surface water levels with unprecedented accuracy (up to 2.5 meters resolution) along a swath 30 miles (50 kilometers) wide.

Using KaRIn data, the researchers made elevation maps of the Greenland Fjord at various time points following the two tsunamis. These showed clear, cross-channel slopes with height differences of up to two metres. Crucially, the slopes in these maps occurred in opposite directions, showing that water moved backwards and forwards across the channel.

To prove their theory, the researchers linked these observations to small movements of the Earth's crust measured thousands of kilometres away. This connection enabled them to reconstruct the characteristics of the wave, even for periods which the satellite did not observe. The researchers also reconstructed weather and tidal conditions to confirm that the observations could not have been caused by winds or tides.

Lead author Thomas Monahan (DPhil student, Department of Engineering Science, University of Oxford) said: "Climate change is giving rise to new, unseen extremes. These extremes are changing the fastest in remote areas, such as the Arctic, where our ability to measure them using physical sensors is limited. This study shows how we can leverage the next generation of satellite earth observation technologies to study these processes."

"SWOT is a game changer for studying oceanic processes in regions such as fjords which previous satellites struggled to see into."

Co-author Professor Thomas Adcock (Department of Engineering Science, University of Oxford) said: "This study is an example of how the next generation of satellite data can resolve phenomena that has remained a mystery in the past. We will be able to get new insights into ocean extremes such as tsunamis, storm surges, and freak waves. However, to get the most out of these data we will need to innovate and use both machine learning and our knowledge of ocean physics to interpret our new results."
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Black holes could act as natural supercolliders -- and help uncover dark matter | ScienceDaily
As federal funding cuts impact decades of research, scientists could turn to black holes for cheaper, natural alternatives to expensive facilities searching for dark matter and similarly elusive particles that hold clues to the universe's deepest secrets, a new Johns Hopkins study of supermassive black holes suggests.


						
The findings could help complement multi-billion-dollar expenses and decades of construction needed for research complexes like Europe's Large Hadron Collider, the largest and highest-energy particle accelerator in the world.

"One of the great hopes for particle colliders like the Large Hadron Collider is that it will generate dark matter particles, but we haven't seen any evidence yet," said study co-author Joseph Silk, an astrophysics professor at Johns Hopkins University and the University of Oxford, UK. "That's why there are discussions underway to build a much more powerful version, a next-generation supercollider. But as we invest $30 billion and wait 40 years to build this supercollider -- nature may provide a glimpse of the future in super massive black holes."

The research appears today in Physical Review Letters.

Particle colliders smash protons and other subatomic particles into each other at nearly the speed of light, exposing the most fundamental aspects of matter. Subtle energy flashes and debris from the clash could reveal previously undiscovered particles, including potential candidates for dark matter, a critical but ghostly component of the universe that scientists have yet to detect. Facilities such as the Large Hadron Collider, a 17-mile circular tunnel, have also helped transform the internet, cancer therapy, and high-performance computing.

A black hole can spin around its axis like a planet, but with much greater strength because of its intense gravitational field. Scientists are increasingly discovering that some rapidly spinning massive black holes at the centers of galaxies release enormous outbursts of plasma, likely because of jets powered by energy from their spin and surrounding accretion disks. It's these events that could potentially generate the same results as human-made supercolliders, the new study shows.

"If supermassive black holes can generate these particles by high-energy proton collisions, then we might get a signal on Earth, some really high-energy particle passing rapidly through our detectors," said Silk, who is also a researcher at the Institute of Astrophysics in Paris and at the University of Oxford. "That would be the evidence for a novel particle collider within the most mysterious objects in the universe, attaining energies that would be unattainable in any terrestrial accelerator. We'd see something with a strange signature that conceivably provides evidence for dark matter, which is a bit more of a leap but it's possible."

The new study shows that plunging "gas flows" near a black hole can draw energy from its spin, becoming much more violent than scientists thought possible. Near a rapidly spinning black hole, these particles can chaotically collide. Although not identical, the process is similar to the collisions scientists create using intense magnetic fields to accelerate particles in the circular tunnel of a high-energy particle collider.




"Some particles from these collisions go down the throat of the black hole and disappear forever. But because of their energy and momentum, some also come out, and it's those that come out which are accelerated to unprecedentedly high energies," Silk said. "We figured out how energetic these beams of particles could be: as powerful as you get from a supercollider, or more. It's very hard to say what the limit is, but they certainly are up to the energy of the newest supercollider that we plan to build, so they could definitely give us complementary results."

To detect such high-energy particles, scientists could use observatories already tracking supernovae, massive black hole eruptions, and other cosmic events, Silk said. These include detectors like the IceCube Neutrino Observatory in the South Pole or the Kilometer Cube Neutrino Telescope, which recently detected the most energetic neutrino ever recorded under the Mediterranean Sea.

"The difference between a supercollider and a black hole is that black holes are far away," Silk said. "But nevertheless, these particles will get to us."

Dr. Andrew Mummery, a theoretical physicist at University of Oxford, is also an author of the study.
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Webb reveals the origin of the ultra-hot exoplanet WASP-121b | ScienceDaily
Observations with the James Webb Space Telescope (JWST) have provided new clues about how the exoplanet WASP-121b has formed and where it might have originated in the disc of gas and dust around its star. These insights stem from the detection of multiple key molecules: water vapour, carbon monoxide, silicon monoxide, and methane. With these detections, a team led by astronomers Thomas Evans-Soma and Cyril Gapp was able to compile an inventory of the carbon, oxygen, and silicon in the atmosphere of WASP-121b. The detection of methane in particular also suggests strong vertical winds on the cooler nightside, a process often ignored in current models.


						
WASP-121b is an ultra-hot giant planet that orbits its host star at a distance only about twice the star's diameter, completing one orbit in approximately 30.5 hours. The planet exhibits two distinct hemispheres: one that always faces the host star, with temperatures locally exceeding 3000 degrees Celsius, and an eternal nightside where temperatures drop to 1500 degrees.

"Dayside temperatures are high enough for refractory materials -- typically solid compounds resistant to strong heat -- to exist as gaseous components of the planet's atmosphere," Thomas Evans-Soma explained. He is an astronomer affiliated with the Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany, and the University of Newcastle, Australia. He led the study published today in Nature Astronomy.

Unveiling the birthplace of WASP-121b

The team investigated the abundance of compounds that evaporate at very different temperatures, providing clues about the planet's formation and evolution. "Gaseous materials are easier to identify than liquids and solids," noted MPIA student Cyril Gapp, the lead author of a second study published today in The Astronomical Journal. "Since many chemical compounds are present in gaseous form, astronomers use WASP-121b as a natural laboratory to probe the properties of planetary atmospheres."

The team concluded that WASP-121b likely accumulated most of its gas in a region cold enough for water to remain frozen yet sufficiently warm for methane (CH4) to evaporate and exist in its gaseous form. Since planets form within a disc of gas and dust surrounding a young star, such conditions occur at distances where stellar radiation creates the appropriate temperatures.

In our own Solar System, this region lies somewhere between the orbits of Jupiter and Uranus. This is remarkable, given that WASP-121b now orbits perilously close to its host star's surface. It suggests that, after its formation, it undertook a long journey from the icy outer regions to the centre of the planetary system.




Reconstructing WASP-121b's eventful youth

Silicon was detected as silicon monoxide (SiO) gas, but originally entered the planet via rocky material such as quartz stored in planetesimals -- essentially asteroids -- after acquiring most of its gaseous envelope. The formation of planetesimals takes time, indicating that this process occurred during the later stages of planetary development.

"The relative abundances of carbon, oxygen, and silicon offer insights into how this planet formed and acquired its material." -- Thomas Evans-Soma

Planet formation begins with icy dust particles that stick together and gradually grow into centimetre- to metre-sized pebbles. They attract surrounding gas and small particles, accelerating their growth. These are the seeds of future planets like WASP-121b. Drag from the surrounding gas causes the moving pebbles to spiral inward towards the star. As they migrate, their embedded ices begin to evaporate in the disc's warmer inner regions.

While the infant planets orbit their host stars, they may grow large enough to open substantial gaps within the protoplanetary disc. This halts the inward drift of pebbles and the supply with embedded ices but leaves enough gas available to build an extended atmosphere.

In the case of WASP-121b, this appears to have occurred at a location where methane pebbles evaporated, enriching the gas that the planet supplied with carbon. In contrast, water pebbles remained frozen, locking away oxygen. This scenario best explains why Evans-Soma and Gapp observed a higher carbon-to-oxygen ratio in the planet's atmosphere than in its host star. WASP-121b continued attracting carbon-rich gas after the flow of oxygen-rich pebbles had stopped, setting the final composition of its atmospheric envelope.




The detection of methane requires strong vertical currents

As the temperature of an atmosphere changes, the quantities of different molecules, such as methane and carbon monoxide, are expected to vary. At the ultra-high temperatures of WASP-121b's dayside, methane is highly unstable and won't be present in detectable quantities. Astronomers have determined for planets like WASP-121b that gas from the dayside hemisphere should be mixed around to the relatively cool nightside hemisphere faster than the gas composition can adjust to the lower temperatures. Under this scenario, one would expect the abundance of methane to be negligible on the nightside, just as it is on the dayside. When instead the astronomers detected plentiful methane on the nightside of WASP-121b, it was a total surprise.

To explain this result, the team proposes that methane gas must be rapidly replenished on the nightside to maintain its high abundance. A plausible mechanism for doing this involves strong vertical currents lifting methane gas from lower atmospheric layers, which are rich in methane thanks to the relatively low nightside temperatures combined with the high carbon-to-oxygen ratio of the atmosphere. "This challenges exoplanet dynamical models, which will likely need to be adapted to reproduce the strong vertical mixing we've uncovered on the nightside of WASP-121b," said Evans-Soma.

JWST's role in the discovery

The team used JWST's Near-Infrared Spectrograph (NIRSpec) to observe WASP-121b throughout its complete orbit around its host star. As the planet rotates on its axis, the heat radiation received from its surface varies, exposing different portions of its irradiated atmosphere to the telescope. This allowed the team to characterize the conditions and chemical composition of the planet's dayside and nightside.

The astronomers also captured observations as the planet transited in front of its star. During this phase, some starlight filters through the planet's atmospheric limb, leaving spectral fingerprints that reveal its chemical makeup. This type of measurement is especially sensitive to the transition region where gases from the dayside and nightside mix. "The emerging transmission spectrum confirmed the detections of silicon monoxide, carbon monoxide, and water that were made with the emission data," Gapp noted. "However, we could not find methane in the transition zone between the day and night side."

Additional information

The MPIA scientists involved in this study included Thomas M. Evans-Soma (also at the University of Newcastle, Australia), Cyril Gapp (also at Heidelberg University), Eva-Maria Ahrer, Duncan A. Christie, Djemma Ruseva (also at the University of St Andrews, UK), and Laura Kreidberg.

Other researchers included David K. Sing (Johns Hopkins University, Baltimore, USA), Joanna K. Barstow (The Open University, Milton Keynes, UK), Anjali A. A. Piette (University of Birmingham, UK and Carnegie Institution for Science, Washington, USA), Jake Taylor (University of Oxford, UK), Joshua D. Lothringer (Space Telescope Science Institute, Baltimore, USA and Utah Valley University, Orem, USA), and Jayesh M. Goyal (National Institute of Science Education and Research (NISER), Odisha, India).

NIRSpec is part of the European Space Agency's (ESA) contribution to the Webb mission, built by a consortium of European companies led by Airbus Defence and Space (ADS). NASA's Goddard Space Flight Centre provided two sub-systems (detectors and micro-shutters). MPIA was responsible for procuring electrical components of the NIRSpec grating wheels.
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Dancing brainwaves: How sound reshapes your brain networks in real time | ScienceDaily
What happens inside your brain when you hear a steady rhythm or musical tone? According to a new study from Aarhus University and the University of Oxford, your brain doesn't just hear it -- it reorganizes itself in real time.


						
Every beep, tone and new sound you hear travels from the ear to registering in your brain. But what actually happens in your brain when you listen to a continuous stream of sounds? A new study from Aarhus University and University of Oxford published in Advanced Science reveals that the brain doesn't simply register sound: it dynamically reshapes its organization in real time, orchestrating a complex interplay of brainwaves in multiple networks.

The research, led by Dr. Mattia Rosso and Associate Professor Leonardo Bonetti at the Center for Music in the Brain, Aarhus University, in collaboration with the University of Oxford, introduces a novel neuroimaging method called FREQ-NESS -- Frequency-resolved Network Estimation via Source Separation. Using advanced algorithms, this method disentangles overlapping brain networks based on their dominant frequency. Once a network is identified by its unique frequency, the method can then trace how it propagates in space across the brain.

"We're used to thinking of brainwaves like fixed stations -- alpha, beta, gamma -- and of brain anatomy as a set of distinct regions," says Dr. Rosso. "But what we see with FREQ-NESS is much richer. It is long known that brain activity is organized through activity in different frequencies, tuned both internally and to the environment. Starting from this fundamental principle, we've designed a method that finds how each frequency is expressed across the brain."

Opens the door to precise brain mapping

The development of FREQ-NESS represents a major advance in how scientists can investigate the brain's large-scale dynamics. Unlike traditional methods that rely on predefined frequency bands or regions of interest, the data-driven approach maps the whole brain's internal organization with high spectral and spatial precision. And that opens new possibilities for basic neuroscience, brain-computer interfaces, and clinical diagnostics.

This study adds to a growing body of research exploring how the brain's rhythmic structure shapes everything from music cognition to general perception and attention, and altered states of consciousness.

"The brain doesn't just react: it reconfigures. And now we can see it," says Professor Leonardo Bonetti, co-author and neuroscientist at Center for Music in the Brain, Aarhus University, and at the Centre for Eudaimonia and Human Flourishing, University of Oxford. "This could change how we study brain responses to music and beyond, including consciousness, mind-wandering, and broader interactions with the external world."

A large-scale research program is now underway to build on this methodology, supported by an international network of neuroscientists. Due to the high reliability across experimental conditions and across datasets -- FREQ-NESS might also pave the way for individualized brain mapping, explains Professor Leonardo Bonetti.
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Researchers recreate ancient Egyptian blues | ScienceDaily
A team of Washington State University-led researchers has recreated the world's oldest synthetic pigment, called Egyptian blue, which was used in ancient Egypt about 5,000 years ago.


						
Reporting in the journal, NPJ Heritage Science, the researchers used a variety of raw materials and heating times to develop 12 recipes for the pigments, providing useful information for archaeologists and conservation scientists who study the ancient Egyptian materials. The work was done in collaboration with Carnegie Museum of Natural History and the Smithsonian's Museum Conservation Institute.

"We hope this will be a good case study in what science can bring to the study of our human past," said John McCloy, first author on the paper and director of WSU's School of Mechanical and Materials Engineering. "The work is meant to highlight how modern science reveals hidden stories in ancient Egyptian objects."

While Egyptian blue pigment was valued in ancient times, there is limited archaeological evidence of how it was made. It was used as a substitute for expensive minerals like turquoise or lapis lazuli and was used in painting wood, stone, and a papier-mache-type material called cartonnage. Depending on its ingredients and processing time, its color ranges from deep blue to dull gray or green. After the Egyptians, the pigment was used by Romans, but by the Renaissance period, the knowledge of how it was made was largely forgotten.

In recent years, there has been a resurgence of interest in the pigment because it has interesting optical, magnetic, and biological properties with potential new technological applications, said McCloy. The pigment emits light in the near-infrared part of the electro-magnetic spectrum that people can't see, which means it could be used for things like fingerprinting and counterfeit-proof inks. It also has a similar chemistry to high-temperature superconductors.

"It started out just as something that was fun to do because they asked us to produce some materials to put on display at the museum, but there's a lot of interest in the material," said McCloy, who, in addition to being a professor in materials science and engineering, has a master's degree in anthropology.

To understand its makeup, the researchers, including a mineralogist and an Egyptologist, created 12 different recipes of the pigment from mixtures of silicon dioxide, copper, calcium, and sodium carbonate. They heated the material at about 1000 degrees Celsius for between one and 11 hours to replicate temperatures that would have been available for ancient artists. After cooling the samples at various rates, they studied the pigments using modern microscopy and analysis techniques that had never been used for this type of research, comparing them to two ancient Egyptian artifacts.




Egyptian blue included a variety of blue colors, depending on where they were made and their quality. The researchers found that the pigment is highly heterogeneous.

"You had some people who were making the pigment and then transporting it, and then the final use was somewhere else," said McCloy. "One of the things that we saw was that with just small differences in the process, you got very different results."

The researchers found that, in fact, to get the bluest color requires only about 50% of the blue-colored components.

"It doesn't matter what the rest of it is, which was really quite surprising to us," said McCloy. "You can see that every single pigment particle has a bunch of stuff in it -- it's not uniform by any means."

The samples created are currently on display at Carnegie Museum of Natural History in Pittsburgh, Pennsylvania and will become part of the museum's new long-term gallery focused on ancient Egypt.
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New laser smaller than a penny can measure objects at ultrafast rates | ScienceDaily
Researchers from the University of Rochester and University of California, Santa Barbara, engineered a laser device smaller than a penny that they say could power everything from the LiDAR systems used in self-driving vehicles to gravitational wave detection, one of the most delicate experiments in existence to observe and understand our universe.


						
Laser-based measurement techniques, known as optical metrology, can be used to study the physical properties of objects and materials. But current optical metrology requires bulky and expensive equipment to achieve delicate laser-wave control, creating a bottleneck for deploying streamlined, cost-effective systems.

The new chip-scale laser, described in a paper published in Light: Science & Applications, can conduct extremely fast and accurate measurements by very precisely changing its color across a broad spectrum of light at very fast rates -- about 10 quintillion times per second. Unlike traditional silicon photonics, the laser is made with a synthetic material called lithium niobate and leverages a physical phenomenon known as the Pockels effect, which changes the refractive index of a material when an electric field is present.

"There are several applications we are aiming for that can already benefit from our designs," says Shixin Xue, a PhD student advised by Qiang Lin, the Dean's Professor of electrical and computer engineering and optics, both of whom are among the paper's authors. "The first is LiDAR, which is already used in autonomous vehicles, but a more advanced form known as frequency-modulated continuous-wave LiDAR requires a large tuning range and fast tuning of the laser's frequency, and that's what our laser can do."

The researchers demonstrated how their laser could be used to drive a LiDAR system on a spinning disc and identify the letters U and R made out of toy building blocks. They say that the miniature demonstration could be scaled up to detect vehicles and obstacles at highway speeds and distances.

The researchers also demonstrated how the chip-scale laser could be used for Pound-Drever-Hall (PDH) laser frequency locking, a common technique used to narrow down, stabilize, and reduce a laser's noise.

"It's a very important process that can be used for optical clocks that can measure time with extreme precision, but you need a lot of equipment to do that," says Xue, noting that a typical setup might require instruments the size of a desktop computer such as an intrinsic laser, an isolator, an acoustic optic modulator, and a phase modulator. "Our laser can integrate all of these things into a very small chip that can be tuned electrically."

The research was supported in part by the Defense Advanced Research Projects Agency (DARPA) Lasers for Universal Microscale Optical Systems (LUMOS) and the National Science Foundation.
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Long shot science leads to revised age for land-animal ancestor | ScienceDaily
In 1984, an amateur paleontologist in Scotland found a remarkable specimen: a nearly complete fossil of what looked to be a lizard or salamander. Rather small in size at 20 centimeters, it would turn out to be a crucial piece in the puzzle of animal evolution.


						
This creature, called Westlothiana lizziae, is one of the earliest examples of a four-legged animal that had evolved from living underwater to dwelling on earth. It, and other stem tetrapods like it, are common ancestors of the amphibians, birds, reptiles and mammals that exist today, including humans.

Despite its significance, researchers had never determined an accurate age of the fossil. But thanks to new research out of The University of Texas at Austin, scientists now know that the Westlothiana lizziae, along with similar salamander-like creatures from the same spot in Scotland, are potentially 14 million years older than previously thought.

The new age -- dating back to 346 million years ago -- adds to the significance of the find because it places the specimens in a mysterious hole in the fossil record called Romer's Gap.

The research, published recently in the journal PLOS One, was led by Hector Garza, who just graduated with his doctoral degree from the Department of Earth and Planetary Sciences at the UT Jackson School of Geosciences. Garza took a risk when he embarked on his mission to date the ancient fossils using a geochemical technique called radiometric dating.

That's because while geoscientists can use zircon crystals to determine how long ago a rock was formed, not all rock types are amenable to this type of analysis. And the site in Scotland where the fossils were discovered was near ancient volcanoes whose lava flows had long hardened into basalt rock, where zircons do not typically form. Fellow scientists warned Garza that chemically dating the rocks might be fruitless.

"I think that was one of the reasons why no one tried to go into them before," Garza said. "Because of all the time and effort that it takes to obtain the zircons and then taking the risk of not finding any."

But he got lucky. As mud cascaded down from the volcanoes, the flowing lava and debris eroded sediment that contained zircons, which got swept into a lake where limestone was forming, entombing these early tetrapod creatures.




Garza X-rayed 11 of the rock samples at the Jackson School and was able to extract zircons from the rock surrounding six of the fossils. He then conducted uranium-lead laser dating on the zircons at the University of Houston to determine their oldest possible age.

Before Garza's gamble, scientists had figured the fossils were as old as similar fossils from around the world -- about 331 million years old.

The more accurate, older maximum age of 346 million years is significant because it places the specimens in Romer's Gap. This is a time period from 360 to 345 million years ago where, for reasons scientists are not exactly sure of, very few fossils have been discovered. It is during this crucial point in history that water-dwelling fish took an evolutionary leap, growing lungs and four legs to become land animals. This is one of the most pivotal milestones in the history of animal evolution.

"I can't overstate the importance of the iconic East Kirkland tetrapods," said Julia Clarke, professor at the Jackson School and co-author of this paper. "Better constraining the age of these fossils is key to understanding the timing of the emergence of vertebrates on to land. Timing in turn is key to assessing why this transition occurs when it does and what factors in the environment may be linked to this event."

The site in Scotland where the fossils were found is the East Kirkton Quarry, a veritable treasure trove of early tetrapod records. Seven stem tetrapod fossils, including the Westlothiana lizziae, have been found there. Hundreds of millions of years ago when these early four-legged creatures roamed, this site was a tropical forest with nearby active volcanoes, a toxic lake, and a diverse plant and animal community.

The National Museum of Scotland provided Garza with bits of rock that surrounded the fossils to use for the sampling. Other study co-authors are Associate Professor Elizabeth Catlos and Michael Brookfield, both of the Department of Earth and Planetary Sciences at the Jackson School, and Thomas Lapen, professor and chair of the Department of Earth and Atmospheric Sciences at the University of Houston.
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Birds nested in Arctic alongside dinosaurs | ScienceDaily
Spring in the Arctic brings forth a plethora of peeps and downy hatchlings as millions of birds gather to raise their young.


						
The same was true 73 million years ago, according to a paper featured on the cover of this week's edition of the journal Science. The paper documents the earliest-known example of birds nesting in the polar regions.

"Birds have existed for 150 million years," said lead author Lauren Wilson, a doctoral student at Princeton University who earned her master's degree at the University of Alaska Fairbanks. "For half of the time they have existed, they have been nesting in the Arctic."

The paper is the result of Wilson's master's thesis research at UAF. Using dozens of tiny fossilized bones and teeth from an Alaska excavation site, she and her colleagues identified multiple types of birds -- diving birds that resembled loons, gull-like birds, and several kinds of birds similar to modern ducks and geese -- that were breeding in the Arctic while dinosaurs roamed the same lands.

Prior to this study, the earliest known evidence of birds reproducing in either the Arctic or Antarctic was about 47 million years ago, well after an asteroid killed 75% of the animals on Earth.

"This pushes back the record of birds breeding in the polar regions by 25 to 30 million years," said Pat Druckenmiller, the paper's senior author, director of the University of Alaska Museum of the North and Wilson's advisor for her master's degree work. The bird fossils are part of the museum's collections.

"The Arctic is considered the nursery for modern birds," he said. "It's kind of cool when you go to Creamer's Field [a Fairbanks-area stopover for migrating geese, ducks and cranes], to know that they have been doing this for 73 million years."

The mere existence of the large collection of ancient bird fossils is remarkable, Wilson said, given how delicate bird bones are. That is doubly true for baby bird bones, which are porous and easily destroyed.




"Finding bird bones from the Cretaceous is already a very rare thing," she said. "To find baby bird bones is almost unheard of. That is why these fossils are significant."

The fossils were collected from the Prince Creek Formation, an area along the Colville River on Alaska's North Slope known for its dinosaur fossils. Scientists identified more than 50 bird bones and bone fragments.

"We put Alaska on the map for fossil birds," Druckenmiller said. "It wasn't on anyone's radar."

The collection is a testament to the value of an uncommon excavation and research approach at the Prince Creek Formation. Much of vertebrate paleontology focuses on recovering large bones.

The scientists who work in the Prince Creek Formation make sure to get every bone and tooth they can, from the visible to the microscopic, Druckenmiller said. The technique, which involves hauling tubs of screened sediment back to the lab for examination under a microscope, has yielded numerous new species and unprecedented insights into the behavior and physiology of the dinosaurs, birds and mammals that lived in the Arctic during the Cretaceous Period.

"We are now one of the best places in the nation for bird fossils from the age of the dinosaurs," Druckenmiller said. "In terms of information content, these little bones and teeth are fascinating and provide an incredible depth of understanding of the animals of this time."

It remains to be seen whether the bones found on the Colville River are the earliest-known members of Neornithes, the group that includes all modern birds. Some of the new bones have skeletal features only found in this group. And, like modern birds, some of these birds had no true teeth.




"If they are part of the modern bird group, they would be the oldest such fossils ever found," Druckenmiller said. Currently, the oldest such fossils are from about 69 million years ago. "But it would take us finding a partial or full skeleton to say for sure."

Other collaborators on the paper include Daniel Ksepka from the Bruce Museum, John Wilson from Princeton University, Jacob Gardner from the University of Reading, Gregory Erickson from Florida State University, Donald Brinkman and Caleb Brown from the Royal Tyrrell Museum of Palaeontology and the University of Alberta (Brown is also affiliated with the University of Manitoba), Jaelyn Eberle from the University of Colorado Boulder and Chris Organ from Montana State University.
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New quantum visualization technique to identify materials for next generation quantum computing | ScienceDaily
Scientists at University College Cork (UCC) in Ireland have developed a powerful new tool for finding the next generation of materials needed for large-scale, fault-tolerant quantum computing.


						
The significant breakthrough means that, for the first time, researchers have found a way to determine once and for all whether a material can effectively be used in certain quantum computing microchips.

The major findings have been published today in the academic journal Science and are the result of a large international collaboration which includes leading theoretical work from Prof. Dung-Hai Lee in University of California, Berkeley, and material synthesis from professors Sheng Ran and Johnpierre Paglione in Washington University in St. Louis and the University of Maryland respectively.

Using equipment found in only three labs around the world, researchers at the Davis Group based in UCC were able to definitively determine whether Uranium ditelluride (UTe 2), which is a known superconductor, had the characteristics required to be an intrinsic topological superconductor.

A topological superconductor is a unique material that, at its surface, hosts new quantum particles named Majorana fermions. In theory they can be used to stably store quantum information without being disturbed by the noise and disorder which plague present quantum computers. Physicists have been on the hunt for an intrinsic topological superconductor for decades, but no material ever discovered has ticked all the boxes.

UTe 2 had been considered a strong candidate material for intrinsic topological superconductivity since its discovery in 2019 however no research had definitively evaluated its suitability -- until now.

Using a scanning tunneling microscope (STM) operating in a new mode invented by Seamus Davis, Professor of Quantum Physics at UCC, a team led by Joe Carroll, a PhD researcher at the Davis Group and Kuanysh Zhussupbekov, a Marie Curie postdoctoral fellow, were able to conclude once and for all whether UTe 2 is the right sort of topological superconductor.




The experiments carried out using the "Andreev" STM -- found only in Prof. Davis' labs in Cork, Oxford University in the UK, and Cornell University in New York -- discovered that UTe 2 is indeed an intrinsic topological superconductor, but not exactly the kind for which physicists have been searching.

However, the first-of-its-kind experiment is a breakthrough in itself.

When asked about the experiment Mr. Carroll described it as follows "Traditionally researchers have searched for topological superconductors by taking measurements using metallic probes. They do this because metals are simple materials, so they play essentially no role in the experiment. What's new about our technique is that we use another superconductor to probe the surface of UTe2. By doing so we exclude the normal surface electrons from our measurement leaving behind only the Majorana fermions."

Carroll further highlighted that this technique would allow scientists to determine directly whether other materials are suitable for topological quantum computing.

Quantum computers have the capacity to answer in seconds the kind of complex mathematical problems that would take current generation computers years to solve. Right now, governments and companies around the world are racing to develop quantum processors with more and more quantum bits but the fickle nature of these quantum calculations is holding back significant progress.

Earlier this year Microsoft announced the Majorana 1, which the company has said is "the world's first Quantum Processing Unit (QPU) powered by a Topological Core ."

Microsoft explained that to achieve this advance, synthetic topological superconductors based on elaborately engineered stacks of conventional materials were required.

However the Davis Group's new work means that scientists can now find single materials to replace these complicated circuits, potentially leading to greater efficiencies in quantum processors and allowing many more qubits on a single chip thus moving us closer to the next generation of quantum computing.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250529145539.htm



	Previous
	Articles
	Sections
	Next




