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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.


      
        A Christmas tree 80 light-years wide appears in space
        This Christmas, astronomers are highlighting a spectacular region of space that looks remarkably like a glowing holiday tree. Known as NGC 2264, this distant star-forming region sits about 2,700 light-years away and is filled with newborn stars lighting up clouds of gas and dust. The stars form a triangular shape called the Christmas Tree cluster, crowned by the dramatic Cone Nebula and wrapped in the swirling Fox Fur Nebula below. Together, these features create a festive cosmic scene spanning n...

      

      
        Astronomers discover one of the Universe's largest spinning structures
        Scientists have discovered a giant cosmic filament where galaxies spin in sync with the structure that holds them together. The razor-thin chain of galaxies sits inside a much larger filament that appears to be slowly rotating as a whole. This coordinated motion is far stronger than expected by chance and hints that galaxy spin may be inherited from the cosmic web itself. The finding opens a new window into how galaxies formed and how matter flows across the Universe.

      

      
        Oceans are supercharging hurricanes past Category 5
        Deep ocean hot spots packed with heat are making the strongest hurricanes and typhoons more likely--and more dangerous. These regions, especially near the Philippines and the Caribbean, are expanding as climate change warms ocean waters far below the surface. As a result, storms powerful enough to exceed Category 5 are appearing more often, with over half occurring in just the past decade. Researchers say recognizing a new "Category 6" could improve public awareness and disaster planning.

      

      
        This popular painkiller may do more harm than good
        Tramadol, a popular opioid often seen as a "safer" painkiller, may not live up to its reputation. A large analysis of clinical trials found that while it does reduce chronic pain, the relief is modest--so small that many patients likely wouldn't notice much real-world benefit. At the same time, tramadol was linked to a significantly higher risk of serious side effects, especially heart-related problems like chest pain and heart failure, along with common issues such as nausea, dizziness, and sleep...

      

      
        Scientists found a way to restore brain blood flow in dementia
        A new study suggests that dementia may be driven in part by faulty blood flow in the brain. Researchers found that losing a key lipid causes blood vessels to become overactive, disrupting circulation and starving brain tissue. When the missing molecule was restored, normal blood flow returned. This discovery opens the door to new treatments aimed at fixing vascular problems in dementia.

      

      
        What are asteroids really made of? New analysis brings space mining closer to reality
        Scientists are digging into the hidden makeup of carbon-rich asteroids to see whether they could one day fuel space exploration--or even be mined for valuable resources. By analyzing rare meteorites that naturally fall to Earth, researchers have uncovered clues about the chemistry, history, and potential usefulness of these ancient space rocks. While large-scale asteroid mining is still far off, the study highlights specific asteroid types that may be promising targets, especially for water extrac...

      

      
        New technology eliminates "forever chemicals" with record-breaking speed and efficiency
        A new eco-friendly technology can capture and destroy PFAS, the dangerous "forever chemicals" found worldwide in water. The material works hundreds to thousands of times faster and more efficiently than current filters, even in river water, tap water, and wastewater. After trapping the chemicals, the system safely breaks them down and refreshes itself for reuse. It's a rare one-two punch against pollution: fast cleanup and sustainable destruction.

      

      
        Scientists say evolution works differently than we thought
        A major evolutionary theory says most genetic changes don't really matter, but new evidence suggests that's not true. Researchers found that helpful mutations happen surprisingly often. The twist is that changing environments prevent these mutations from spreading widely before they become useless or harmful. Evolution, it turns out, is less about reaching perfection and more about endlessly chasing a moving target.

      

      
        What you eat could decide the planet's future
        What we put on our plates may matter more for the climate than we realize. Researchers found that most people, especially in wealthy countries, are exceeding a "food emissions budget" needed to keep global warming below 2degC. Beef alone accounts for nearly half of food-related emissions in Canada. Small changes--less waste, smaller portions, and fewer steaks--could add up to a big climate win.

      

      
        Scientists reverse Alzheimer's in mice and restore memory
        Alzheimer's has long been considered irreversible, but new research challenges that assumption. Scientists discovered that severe drops in the brain's energy supply help drive the disease--and restoring that balance can reverse damage, even in advanced cases. In mouse models, treatment repaired brain pathology, restored cognitive function, and normalized Alzheimer's biomarkers. The results offer fresh hope that recovery may be possible.

      

      
        Why consciousness can't be reduced to code
        The familiar fight between "mind as software" and "mind as biology" may be a false choice. This work proposes biological computationalism: the idea that brains compute, but not in the abstract, symbol-shuffling way we usually imagine. Instead, computation is inseparable from the brain's physical structure, energy constraints, and continuous dynamics. That reframes consciousness as something that emerges from a special kind of computing matter, not from running the right program.

      

      
        AI supercharges scientific output while quality slips
        AI writing tools are supercharging scientific productivity, with researchers posting up to 50% more papers after adopting them. The biggest beneficiaries are scientists who don't speak English as a first language, potentially shifting global centers of research power. But there's a downside: many AI-polished papers fail to deliver real scientific value. This growing gap between slick writing and meaningful results is complicating peer review, funding decisions, and research oversight.

      

      
        We are living in a golden age of species discovery
        The search for life on Earth is speeding up, not slowing down. Scientists are now identifying more than 16,000 new species each year, revealing far more biodiversity than expected across animals, plants, fungi, and beyond. Many species remain undiscovered, especially insects and microbes, and future advances could unlock millions more. Each new find also opens doors to conservation and medical breakthroughs.

      

      
        This new 3D chip could break AI's biggest bottleneck
        Researchers have created a new kind of 3D computer chip that stacks memory and computing elements vertically, dramatically speeding up how data moves inside the chip. Unlike traditional flat designs, this approach avoids the traffic jams that limit today's AI hardware. The prototype already beats comparable chips by several times, with future versions expected to go much further. Just as important, it was manufactured entirely in a U.S. foundry, showing the technology is ready for real-world prod...

      

      
        Physicists found a way to make thermodynamics work in the quantum world
        More than 200 years ago, Count Rumford showed that heat isn't a mysterious substance but something you can generate endlessly through motion. That insight laid the foundation for thermodynamics, the rules that govern energy, work, and disorder. Now, researchers at the University of Basel are pushing those rules into the strange realm of quantum physics, where the line between useful energy and random motion becomes blurry.

      

      
        This tiny peptide could help stop brain damage after injury
        A four-amino acid peptide called CAQK has shown powerful brain-protective effects in animal models of traumatic brain injury. Delivered through a standard IV, it zeroes in on injured brain tissue, calming inflammation and reducing cell death while improving recovery. The peptide worked in both mice and pigs, whose brains are closer to humans in structure. Researchers are now preparing to move toward early human clinical trials.

      

      
        "Purifying" photons: Scientists found a way to clean light itself
        A new discovery shows that messy, stray light can be used to clean up quantum systems instead of disrupting them. University of Iowa researchers found that unwanted photons produced by lasers can be canceled out by carefully tuning the light itself. The result is a much purer stream of single photons, a key requirement for quantum computing and secure communication. The work could help push photonic quantum technology closer to real-world use.

      

      
        These nanoparticles kill cancer cells while sparing healthy ones
        Researchers have created tiny metal-based particles that push cancer cells over the edge while leaving healthy cells mostly unharmed. The particles work by increasing internal stress in cancer cells until they trigger their own shutdown process. In lab tests, they killed cancer cells far more effectively than healthy ones. The technology is still early-stage, but it opens the door to more precise and gentler cancer treatments.

      

      
        This ultra-sensitive imaging system can spot cancer earlier
        A new imaging technology can distinguish cancerous tissue from healthy cells by detecting ultra-weak light signals. It relies on nanoparticles that bind to tumor markers, making cancerous areas easier to identify. The system is far more sensitive than existing tools and could speed up cancer screening. Scientists believe it may help detect tumors earlier and reduce delays in diagnosis.

      

      
        Your roommate's genes may be shaping your gut bacteria
        Scientists studying thousands of rats discovered that gut bacteria are shaped by both personal genetics and the genetics of social partners. Some genes promote certain microbes that can spread between individuals living together. When researchers accounted for this social sharing, genetic influence on the microbiome turned out to be much stronger than previously thought. The study suggests genes can affect others indirectly, without DNA ever being exchanged.

      

      
        Scientists find a weak spot in deadly fungus that shut down hospital intensive care units
        A deadly hospital fungus that resists nearly every antifungal drug may have an unexpected weakness. Researchers discovered that Candida auris activates specific genes during infection to hunt for nutrients it needs to survive. This insight came from a new living-host model that allowed scientists to watch the fungus in action. The findings could eventually lead to new treatments or allow current drugs to be repurposed.

      

      
        Why evolution rewarded ants that sacrificed protection
        Some ants thrive by choosing numbers over strength. Instead of heavily protecting each worker, they invest fewer resources in individual armor and produce far more ants. Larger colonies then compensate with collective behaviors like group defense and coordinated foraging. The strategy has been linked to evolutionary success and greater species diversity.

      

      
        A new drug could stop Alzheimer's before memory loss begins
        New research suggests Alzheimer's may start far earlier than previously thought, driven by a hidden toxic protein in the brain. Scientists found that an experimental drug, NU-9, blocks this early damage in mice and reduces inflammation linked to disease progression. The treatment was given before symptoms appeared, targeting the disease at its earliest stage. Researchers say this approach could reshape how Alzheimer's is prevented and treated.

      

      
        This simulation reveals what really happens near black holes
        Black holes are among the most extreme objects in the universe, and now scientists can model them more accurately than ever before. By combining Einstein's gravity with realistic behavior of light and matter, researchers have built simulations that closely match real astronomical observations. These models reveal how matter forms chaotic, glowing disks and launches powerful outflows as it falls into black holes. It's a major step toward decoding how these cosmic engines actually work.

      

      
        This cancer-fighting molecule took 50 years to build
        MIT scientists have achieved the first-ever lab synthesis of verticillin A, a complex fungal compound discovered in 1970. Its delicate structure stalled chemists for decades, despite differing from related molecules by only two atoms. With the synthesis finally complete, researchers created new variants that showed strong activity against a rare pediatric brain cancer. The breakthrough could unlock an entire class of previously unreachable cancer-fighting molecules.

      

      
        This fish-inspired filter removes over 99% of microplastics
        Washing machines release massive amounts of microplastics into the environment, mostly from worn clothing fibers. Researchers at the University of Bonn have developed a new, fish-inspired filter that removes over 99% of these particles without clogging. The design mimics the funnel-shaped gill system used by filter-feeding fish, allowing fibers to roll away instead of blocking the filter. The low-cost, patent-pending solution could soon be built directly into future washing machines.

      

      
        Dinosaur bones found almost on top of each other in Transylvania
        Scientists exploring Romania's Hateg Basin have discovered one of the densest dinosaur fossil sites ever found, with bones lying almost on top of each other. The K2 site preserves thousands of remains from a prehistoric flood-fed lake that acted like a natural bone trap 72 million years ago. Alongside common local dinosaurs, researchers uncovered the first well-preserved titanosaur skeletons ever found in the region. The site reveals how ancient European dinosaur ecosystems formed and evolved in ...

      

      
        MIT scientists strip cancer of its sugar shield
        Scientists at MIT and Stanford have unveiled a promising new way to help the immune system recognize and attack cancer cells more effectively. Their strategy targets a hidden "off switch" that tumors use to stay invisible to immune defenses--special sugar molecules on the cancer cell surface that suppress immune activity. Early tests show it can supercharge immune responses and outperform current antibody therapies.

      

      
        Hidden brain maps that make empathy feel physical
        When we watch someone move, get injured, or express emotion, our brain doesn't just see it--it partially feels it. Researchers found eight body-like maps in the visual cortex that organize what we see in the same way the brain organizes touch. These maps help us instantly understand actions, emotions, and intentions in others. The discovery sheds light on human empathy and opens doors for new brain-based therapies and AI systems that better understand the body.

      

      
        Physicists made atoms behave like a quantum circuit
        Using ultracold atoms and laser light, researchers recreated the behavior of a Josephson junction--an essential component of quantum computers and voltage standards. The appearance of Shapiro steps in this atomic system reveals a deep universality in quantum physics and makes elusive microscopic effects visible for the first time.

      

      
        Are they really listening? Watch their blinks
        Your eyes may reveal when your brain is working overtime. Researchers found that people blink less when trying to understand speech in noisy environments, especially during the most important moments. The effect stayed the same in bright or dark rooms, showing it's driven by mental effort, not light. Blinking, it turns out, is a quiet marker of focused listening.

      

      
        Study links full-fat cheese to lower dementia risk
        Eating full-fat cheese and cream may be associated with a lower risk of dementia, according to a large study that tracked people for more than 25 years. Those who consumed higher amounts of these foods developed dementia less often than those who ate little or none. Interestingly, low-fat dairy products did not show the same pattern. Researchers caution that the findings show an association, not cause and effect.

      

      
        This AI finds simple rules where humans see only chaos
        A new AI developed at Duke University can uncover simple, readable rules behind extremely complex systems. It studies how systems evolve over time and reduces thousands of variables into compact equations that still capture real behavior. The method works across physics, engineering, climate science, and biology. Researchers say it could help scientists understand systems where traditional equations are missing or too complicated to write down.

      

      
        A traditional Brazilian plant shows unexpected strength against arthritis
        A Brazilian study has confirmed that Joseph's Coat, a plant used for generations in folk medicine, can significantly reduce inflammation and arthritis symptoms in lab tests. Researchers observed less swelling, healthier joints, and signs of tissue protection. Just as important, the extract showed a promising safety profile at tested doses. The discovery could pave the way for new plant-based anti-inflammatory treatments.

      

      
        Why one long walk may be better than many short ones
        How you walk may matter just as much as how much you walk. A large UK study tracking more than 33,000 low-activity adults found that people who grouped their daily steps into longer, uninterrupted walks had dramatically lower risks of early death and heart disease than those who moved in short, scattered bursts.

      

      
        Global warming could trigger the next ice age
        Scientists have uncovered a missing feedback in Earth's carbon cycle that could cause global warming to overshoot into an ice age. As the planet warms, nutrient-rich runoff fuels plankton blooms that bury huge amounts of carbon in the ocean. In low-oxygen conditions, this process can spiral out of control, cooling Earth far beyond its original state. While this won't save us from modern climate change, it may explain Earth's most extreme ancient ice ages.

      

      
        Hidden seismic signals hint at a tsunami threat in Alaska
        Researchers studying a massive landslide in Alaska have detected strange seasonal seismic pulses caused by water freezing and thawing in rock cracks. These faint signals could become an important early clue to changes that might someday trigger a dangerous landslide-driven tsunami.

      

      
        Subaru Telescope reveals a hidden giant planet
        Astronomers have uncovered a massive hidden planet and a rare "failed star" by combining ultra-precise space data with some of the sharpest ground-based images ever taken. Using the Subaru Telescope in Hawai`i, the OASIS survey tracked subtle stellar wobbles to pinpoint where unseen worlds were lurking--then captured them directly.

      

      
        Parkinson's breakthrough changes what we know about dopamine
        A new study shows dopamine isn't the brain's movement "gas pedal" after all. Instead of setting speed or strength, it quietly enables movement in the background, much like oil in an engine. When scientists manipulated dopamine during movement, nothing changed--but restoring baseline dopamine levels made a big difference. The finding could reshape how Parkinson's disease is treated.

      

      
        Ancient sewers expose a hidden health crisis in Roman Britain
        Sediments from a Roman latrine at Vindolanda show soldiers were infected with multiple intestinal parasites, including roundworm, whipworm, and Giardia -- the first time Giardia has been identified in Roman Britain. These parasites spread through contaminated food and water, causing diarrhea, weakness, and long-term illness. Even with sewers and communal toilets, infections passed easily between soldiers. The discovery highlights how harsh and unhealthy life could be on Rome's northern frontier.

      

      
        Science says we've been nurturing "gifted" kids all wrong
        A major international review has upended long-held ideas about how top performers are made. By analyzing nearly 35,000 elite achievers across science, music, chess, and sports, researchers found that early stars rarely become adult superstars. Most world-class performers developed slowly and explored multiple fields before specializing. The message is clear: talent grows through variety, not narrow focus.

      

      
        A new tool is revealing the invisible networks inside cancer
        Spanish researchers have created a powerful new open-source tool that helps uncover the hidden genetic networks driving cancer. Called RNACOREX, the software can analyze thousands of molecular interactions at once, revealing how genes communicate inside tumors and how those signals relate to patient survival. Tested across 13 different cancer types using international data, the tool matches the predictive power of advanced AI systems--while offering something rare in modern analytics: clear, inter...

      

      
        What scientists found inside Titan was not what anyone expected
        For years, scientists thought Saturn's moon Titan hid a global ocean beneath its frozen surface. A new look at Cassini data now suggests something very different: a thick, slushy interior with pockets of liquid water rather than an open sea. A subtle delay in how Titan deforms under Saturn's gravity revealed this stickier structure. These slushy environments could still be promising places to search for life.

      

      
        Scientists unlocked a superconductor mystery under crushing pressure
        Superconductors promise loss-free electricity, but most only work at extreme cold. Hydrogen-rich materials changed that--yet their inner workings remained hidden because they only exist under enormous pressure. Now, researchers have directly measured the superconducting state of hydrogen sulfide using a novel tunneling method, confirming how its electrons pair so efficiently. The discovery brings room-temperature superconductors a step closer to reality.

      

      
        Scientists found climate change hidden in old military air samples
        Old military air samples turned out to be a treasure trove of biological DNA, allowing scientists to track moss spores over 35 years. The results show mosses now release spores up to a month earlier than in the 1990s. Even more surprising, the timing depends more on last year's climate than current spring conditions. It's a striking example of how fast ecosystems are adjusting to a warming world.

      

      
        Astrophysicists map the invisible universe using warped galaxies
        By studying tiny distortions in the shapes of distant galaxies, scientists mapped dark matter and dark energy across one of the largest sky surveys ever assembled. Their results back the standard picture of the universe and show that even archival telescope images can unlock cosmic mysteries.

      

      
        This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules
        Balanophora is a plant that abandoned photosynthesis long ago and now lives entirely as a parasite on tree roots, hidden in dark forest undergrowth. Scientists surveying rare populations across East Asian islands uncovered how its cellular machinery shrank but didn't disappear, revealing unexpected similarities to parasites like malaria. Some island species even reproduce without sex, cloning themselves to colonize new habitats. This strange survival strategy comes with risks, leaving the plant h...

      

      
        Is a vegan diet safe for kids? A huge study has answers
        A major new meta-analysis finds that vegetarian and vegan diets can support healthy growth in children when properly planned. Kids on plant-based diets often had better heart health markers, including lower "bad" cholesterol, and consumed more fiber and vitamins. But the study also flagged common nutrient gaps--especially vitamin B12 and calcium--without supplementation. Experts say plant-based eating is achievable for kids, but only with careful planning.

      

      
        Deaths of despair were rising long before opioids
        Long before opioids flooded communities, something else was quietly changing--and it may have helped set the stage for today's crisis. A new study finds that as church attendance dropped among middle-aged, less educated white Americans, deaths from overdoses, suicide, and alcohol-related disease began to rise. The trend started years before OxyContin appeared, suggesting the opioid epidemic intensified a problem already underway.

      

      
        The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's
        Researchers have revealed that so-called "junk DNA" contains powerful switches that help control brain cells linked to Alzheimer's disease. By experimentally testing nearly 1,000 DNA switches in human astrocytes, scientists identified around 150 that truly influence gene activity--many tied to known Alzheimer's risk genes. The findings help explain why many disease-linked genetic changes sit outside genes themselves. The resulting dataset is now being used to train AI systems to predict gene contr...
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A Christmas tree 80 light-years wide appears in space | ScienceDaily


						
[image: A Christmas Tree in Space]
 This Christmas, the universe shows off its own glowing Christmas tree, built from newborn stars deep in the Milky Way. Credit & Copyright: Michael Kalika

 




						NGC 2264 is a large and active region of space where new stars are forming, located about 2,700 light years from Earth. It lies within the faint but imaginative constellation Monoceros, which represents a unicorn in star maps. Astronomers assign catalog numbers like NGC 2264 to help identify and study deep space objects, especially those made of gas, dust, and young stars. This region is positioned near the celestial equator and close to the flat disk of the Milky Way, which makes it visible from many locations on Earth during certain seasons.

Glowing Nebulae and Dark Cosmic Dust

The scene is filled with enormous clouds of interstellar gas and dust, the raw ingredients needed to form stars. As young stars ignite within these clouds, they release intense energy that causes surrounding hydrogen gas to glow red. These glowing regions are known as emission nebulae. Dark dust clouds thread through the area as well, blocking light from stars behind them and creating dramatic shadows. In places where this dust lies close to hot, newly formed stars, it reflects their light instead of absorbing it, producing soft blue regions called reflection nebulae.

The Christmas Tree Star Cluster

Near the center of NGC 2264 is S Monocerotis, a bright variable star whose brightness changes over time. This star is surrounded by a noticeable blue glow caused by reflected starlight from nearby dust. Above S Monocerotis, a group of young stars forms a simple triangular pattern. Because of this distinctive shape, the cluster has become widely known as the Christmas Tree star cluster.

The Cone Nebula and the Fox Fur Nebula

At the top of this star filled scene sits the Cone Nebula, a tall structure of gas and dust shaped by powerful radiation from nearby young stars. Beneath it spreads a tangled and glowing cloud called the Fox Fur Nebula, named for its textured, fur like appearance. These features are constantly being reshaped as energetic starlight pushes and sculpts the surrounding material.

Immense Size on a Galactic Scale

When viewed through a telescope, the entire region stretches about 1.5 degrees from top to bottom, which is roughly the width of three full moons lined up in the sky. At a distance of 2,700 light years, that apparent size corresponds to a real span of nearly 80 light years. This immense scale highlights just how vast and dynamic this stellar nursery truly is.


						


					



				



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251225085728.htm
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Astronomers discover one of the Universe's largest spinning structures | ScienceDaily
An international research team led by the University of Oxford has identified one of the largest rotating structures ever observed. The object is a razor thin chain of galaxies embedded within a vast cosmic filament located about 140 million light years from Earth. The results were published in Monthly Notices of the Royal Astronomical Society and may provide important clues about how galaxies formed in the early Universe.


						
Cosmic filaments are the biggest known structures in the Universe. They are enormous thread like networks of galaxies and dark matter that create the framework of the cosmic web. These filaments also act as pathways that funnel matter and angular momentum into galaxies. Nearby filaments where many galaxies spin in the same direction, and where the entire structure itself appears to rotate, are especially valuable for studying how galaxies acquired their spin and gas. They also offer a way to test ideas about how rotation develops across tens of millions of light years.

A Razor Thin Line of Gas Rich Galaxies

In this study, researchers identified 14 nearby galaxies rich in hydrogen gas arranged in a narrow, elongated line measuring about 5.5 million light years in length and roughly 117,000 light years across. This thin structure lies within a much larger cosmic filament that stretches about 50 million light years and contains more than 280 additional galaxies. Many of the galaxies in the thin strand appear to be rotating in the same direction as the filament itself, far more often than would be expected if their orientations were random. This finding challenges existing models and suggests that large scale cosmic structures may shape galaxy rotation more strongly or over longer periods than previously believed.

The team also found that galaxies on opposite sides of the filament's central spine are moving in opposite directions. This pattern indicates that the entire filament is rotating as a single structure. By applying models of filament dynamics, the researchers estimated a rotation speed of about 110 km/s and calculated that the dense central region of the filament has a radius of approximately 50 kiloparsecs (about 163,000 light years).

Galaxies Like Teacups on a Spinning Ride

Co lead author Dr. Lyla Jung (Department of Physics, University of Oxford) explained why the discovery stands out: "What makes this structure exceptional is not just its size, but the combination of spin alignment and rotational motion. You can liken it to the teacups ride at a theme park. Each galaxy is like a spinning teacup, but the whole platform- the cosmic filament -is rotating too. This dual motion gives us rare insight into how galaxies gain their spin from the larger structures they live in."

The filament appears to be relatively young and largely undisturbed. Its abundance of gas rich galaxies and its low internal motion, described as a so called "dynamically cold" state, suggest it is still in an early stage of development. Because hydrogen is the key ingredient for forming new stars, galaxies with large hydrogen reserves are actively collecting or holding onto the fuel needed for star formation. Studying these systems offers a valuable view into early or ongoing phases of galaxy evolution.




Tracing Gas Flows Through the Cosmic Web

Hydrogen rich galaxies also serve as effective tracers of how gas moves along cosmic filaments. Atomic hydrogen is easily influenced by motion, making it especially useful for revealing how gas flows through filaments and into galaxies. These observations help scientists understand how angular momentum moves through the cosmic web and shapes galaxy structure, rotation, and star formation.

The discovery may also help refine models of intrinsic galaxy alignments, which can interfere with measurements in upcoming weak lensing surveys. These include missions such as the European Space Agency's Euclid spacecraft and observations from the Vera C. Rubin Observatory in Chile.

Co lead author Dr. Madalina Tudorache (Institute of Astronomy, University of Cambridge / Department of Physics, University of Oxford) said: "This filament is a fossil record of cosmic flows. It helps us piece together how galaxies acquire their spin and grow over time."

Combining Powerful Telescopes and Surveys

The research team used data from South Africa's MeerKAT radio telescope, one of the most powerful radio observatories in the world, made up of 64 interconnected dishes. The spinning filament was identified through a deep sky survey known as MIGHTEE, led by Professor of Astrophysics Matt Jarvis (Department of Physics, University of Oxford). The radio data were combined with optical observations from the Dark Energy Spectroscopic Instrument (DESI) and the Sloan Digital Sky Survey (SDSS), revealing a cosmic filament that shows both coordinated galaxy spin and large scale rotation.

Professor Jarvis said: "This really demonstrates the power of combining data from different observatories to obtain greater insights into how large structures and galaxies form in the Universe. Such studies can only be achieved by large groups with diverse skillsets, and in this case, it was really made possible by winning an ERC Advanced Grant/UKIR Frontiers Research Grant, which funded the co-lead authors."

The study also included researchers from University of Cambridge, University of the Western Cape, Rhodes University, South African Radio Astronomy Observatory, University of Hertfordshire, University of Bristol, University of Edinburgh, and University of Cape Town.
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Oceans are supercharging hurricanes past Category 5 | ScienceDaily
Ocean regions that fuel the planet's most powerful hurricanes and typhoons are heating up in the North Atlantic and Western Pacific. These changes are being driven not just by warmer surface waters, but by heat that now extends far below the ocean surface. New research suggests that human-caused climate change may account for as much as 70% of the expansion of these storm-forming hot spots.


						
As these hot spots grow, they increase the likelihood that exceptionally intense tropical cyclones, sometimes described as Category '6' storms, could make landfall near heavily populated coastlines.

"The hot spot regions have expanded," said I-I Lin, a chair professor in the Department of Atmospheric Science at the National Taiwan University.

Lin shared the research during an oral presentation focused on tropical cyclones at AGU's 2025 Annual Meeting in New Orleans, Louisiana.

Why Scientists Are Calling for a New Storm Category

Lin has studied the most extreme hurricanes and typhoons for more than ten years. Her work intensified after Typhoon Haiyan -- also known as Super Typhoon Yolanda -- struck the Philippines at peak strength in November 2013, killing thousands of people. In 2014, Lin and her colleagues published research in the AGU journal Geophysical Research Letters arguing that storms of this magnitude warrant a new classification, Category 6.

Under their proposal, Category 6 tropical cyclones would include storms with wind speeds exceeding 160 knots. Until now, any storm stronger than 137 knots has been grouped into Category 5, which most weather agencies still consider the highest level. Lin noted that most hurricane categories span a range of about 20 knots, making a separate Category 6 more consistent with how storms are classified. Category 4, for example, includes winds between 114-137 knots.




The Strongest Storms on Record

Several well-known storms would fall into this proposed Category 6. Hurricane Wilma in 2005 remains the most intense hurricane ever measured in the Atlantic basin. Typhoon Haiyan also meets the criteria, as does Typhoon Hagibis, which hit Tokyo in 2019. Hagibis caused enormous damage from rain and wind, Lin said, even though the storm had weakened somewhat before reaching the city.

Another standout example is Hurricane Patricia, which developed in the Pacific Ocean off Mexico's coast. Patricia holds the record as the strongest tropical cyclone ever observed, with winds reaching up to 185 knots -- powerful enough to qualify as a Category 7 storm, if such a category existed, Lin said. "Patricia was the king of the world," she added.

Burgeoning ocean hotspots feed big storms

To understand how often these extreme storms occur, Lin and her team reviewed records of major tropical cyclones from roughly the past 40 years. Their analysis shows that storms exceeding 160 knots are appearing more frequently. Between 1982 and 2011, eight such storms were recorded. From 2013 to 2023, that number rose to 10.

In total, 18 Category '6' storms have occurred over the past four decades, with more than half forming in just the most recent decade.




Where the Most Dangerous Storms Are Forming

Lin's ongoing research, which she discussed at the American Geophysical Union's 2025 Annual Meeting, shows that nearly all Category '6' tropical cyclones develop within specific ocean hot spots. The largest of these lies in the Western Pacific, east of the Philippines and Borneo. Another major hot spot stretches across parts of the North Atlantic near and east of Cuba, Hispaniola and Florida.

The study also found that these hot spots are expanding. In the North Atlantic, the region has spread eastward beyond the northern coast of South America and westward into much of the Gulf. The Western Pacific hot spot has also increased in size.

Why Deep Ocean Heat Makes Storms Stronger

The defining feature of these hot spots is not just warm surface water, but unusually deep layers of heat beneath the surface. In many parts of the ocean, strong storms stir up cooler water from below, which can weaken the storm. In hot spot regions, however, warm water extends so deep that storms do not cool as easily.

Even so, Lin emphasized that warm ocean conditions alone do not guarantee the formation of a Category '6' storm. Atmospheric conditions must also align. "The hot spots are a necessary but not sufficient condition," she said.

Climate Change Plays a Major Role

The researchers examined what is driving the expansion of these deep warm-water regions and found that both natural temperature cycles and long-term warming contribute. However, their analysis suggests that human-caused climate change is responsible for roughly 60-70% of the growth of these hot spots. This expansion, in turn, increases the likelihood of Category '6' tropical cyclones.

Lin said that formally recognizing Category '6' storms could help governments and communities better prepare for future impacts, especially in regions where these extreme systems are becoming more common. "We really think there is a need just to provide the public with more important information," Lin said.
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This popular painkiller may do more harm than good | ScienceDaily
A large review of existing research suggests that tramadol, a strong opioid commonly prescribed for chronic pain, does not provide much meaningful relief. The analysis, published online in BMJ Evidence Based Medicine, found that while tramadol can reduce pain, the improvement is modest and falls below levels typically considered clinically important.


						
The findings also point to a higher likelihood of serious side effects, including heart disease. Based on these results, the researchers conclude that tramadol's risks likely outweigh its benefits and say its use should be reduced as much as possible.

Why Tramadol Is So Widely Used

Tramadol is a dual action opioid that doctors often prescribe for moderate to severe acute and chronic pain. Because of this, it appears in several clinical guidelines for pain management, according to the researchers.

Prescriptions for tramadol have risen sharply in recent years, making it one of the most frequently used opioids in the United States. This growth may be driven by the belief that tramadol carries fewer side effects and is safer and less addictive than other short acting opioids, the authors note.

Gaps in Previous Research

Although earlier systematic reviews have included tramadol, none offered a broad evaluation of both its effectiveness and safety across different types of chronic pain. The researchers say this left important questions unanswered.




To address this, they searched research databases for randomized clinical trials published up to February 2025. These studies compared tramadol with placebo (dummy treatment) in people with chronic pain, including those with cancer related pain.

What the Trials Included

The final analysis covered 19 clinical trials involving 6506 participants. Five studies examined neuropathic pain, nine focused on osteoarthritis, four looked at chronic low back pain, and one studied fibromyalgia.

Participants had an average age of 58, with ages ranging from 47 to 69. Most studies used tablets, and only one tested a topical cream. Treatment periods lasted from 2 to 16 weeks, with follow up ranging from 3 to 15 weeks.

Small Pain Relief, Higher Risk

When the results were combined, the data showed that tramadol did reduce pain, but only slightly and not enough to meet standards for clinically effective relief.




Eight trials tracked serious side effects during follow up periods of 7 to 16 weeks. Analysis of these studies showed that tramadol was linked to about double the risk of harm compared with placebo. This increase was largely due to more reported "cardiac events," including chest pain, coronary artery disease, and congestive heart failure.

Tramadol use was also associated with a higher risk of certain cancers. However, the researchers caution that the short follow up makes this result "questionable."

Common Side Effects and Study Limits

Across all trials, tramadol was tied to a greater risk of milder side effects such as nausea, dizziness, constipation, and sleepiness.

The authors acknowledge that many outcomes were at high risk of bias. They suggest this likely means the benefits of tramadol are overstated while its harms are understated.

Opioid Risks in a Broader Context

The researchers emphasize the wider impact of opioid use, noting: "Approximately 60 million individuals worldwide experience the addictive effects of opioids. In 2019, drug use was responsible for approximately 600,000 deaths, with nearly 80% of these fatalities associated with opioids and approximately 25% resulting from opioid overdose.

"In the United States, the number of opioid-related overdose deaths increased from 49,860 in 2019 to 81,806 in 2022. Given these trends and the present findings, the use of tramadol and other opioids should be minimized to the greatest extent possible."

The team concludes: "Tramadol may have a slight effect on reducing chronic pain (low certainty of evidence) while likely increasing the risk of both serious (moderate certainty of evidence) and non- serious adverse events (very low certainty of evidence). The potential harms associated with tramadol use for pain management likely outweigh its limited benefits."
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Scientists found a way to restore brain blood flow in dementia | ScienceDaily
A potential new way to treat reduced brain blood flow and certain forms of dementia is beginning to emerge. Scientists at the University of Vermont Robert Larner, M.D. College of Medicine have uncovered new details about how blood circulation in the brain is controlled and how vascular problems might be reversed. Their preclinical research, published December 22 in Proceedings of the National Academy of Sciences, suggests that replacing a missing phospholipid in the bloodstream could help restore normal brain blood flow and ease dementia-related symptoms.


						
"This discovery is a huge step forward in our efforts to prevent dementia and neurovascular diseases," says principal investigator Osama Harraz, Ph.D., assistant professor of pharmacology at Larner College of Medicine. "We are uncovering the complex mechanisms of these devastating conditions, and now we can begin to think about how to translate this biology into therapies."

The Rising Burden of Dementia

Alzheimer's disease and related dementias affect about 50 million people worldwide, and that number continues to grow. The increasing prevalence places heavy pressure on families, caregivers, and health care systems. Ongoing research is working to untangle how proteins, inflammation, neural signaling, and malfunctioning brain cells contribute to these disorders.

Work in the Harraz lab centers on how cerebral blood flow is controlled and how blood vessels communicate through molecular signals. A major focus is Piezo1, a protein found in the membranes of cells that line blood vessels. Piezo1 helps regulate brain blood flow by sensing physical forces created as blood moves through the brain's vascular network. Its name comes from the Greek word for "pressure." Earlier research showed that Piezo1 behaves differently in people who carry certain genetic variations of the Piezo1 gene.

A Key Lipid That Keeps Blood Vessels in Check

The new study, titled "PIP2 Corrects an Endothelial Piezo1 Channelopathy," offers fresh insight into how Piezo1 influences cerebral blood flow. The findings also show that conditions such as Alzheimer's disease are linked to abnormally high Piezo1 activity in brain blood vessels. To better understand why this happens, the research team examined a phospholipid called PIP2, which is found in brain cell membranes.

PIP2 plays an essential role in cell signaling and ion channel regulation -- a complex process that controls when protein pores in cells open and close. The researchers discovered that PIP2 normally acts as a natural suppressor of Piezo1. When PIP2 levels fall, Piezo1 becomes overly active, disrupting normal blood flow in the brain. When the team added PIP2 back into the system, Piezo1 activity decreased and healthy blood circulation was restored. These results suggest that increasing PIP2 levels could form the basis of a new treatment strategy aimed at improving brain blood flow and supporting brain function.

Next Steps Toward Future Treatments

Future studies will focus on understanding exactly how PIP2 interacts with Piezo1. Researchers want to determine whether PIP2 attaches directly to specific parts of the protein or changes the surrounding cell membrane in ways that limit channel opening. Additional work will also explore how disease-related declines in PIP2 remove this regulatory control, allowing Piezo1 to remain overactive and impair cerebral blood flow. Gaining clarity on these mechanisms will be critical for developing therapies based on restoring PIP2 or directly targeting Piezo1 to improve neurovascular health in dementia and related vascular disorders.
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What are asteroids really made of? New analysis brings space mining closer to reality | ScienceDaily
Scientists still have much to learn about what small asteroids are made of. These rocky bodies may contain valuable metals, ancient material left over from the formation of the solar system, and chemical clues that reveal the history of their original parent bodies. Because of this, they are increasingly viewed as possible sources of future space resources.


						
A research team led by the Institute of Space Sciences (ICE-CSIC) examined samples linked to C-type asteroids, carbon rich objects that are believed to be the original sources of carbonaceous chondrites. Their results, published in the Monthly Notices of the Royal Astronomical Society, strengthen the case that these asteroids could serve as important material reservoirs. The findings also help scientists identify where these meteorites came from and support planning for future space missions and resource extraction technologies.

Rare Meteorites From Ancient Asteroids

Carbonaceous chondrites arrive on Earth naturally, but they account for only about 5% of all meteorite falls. Many are extremely fragile and break apart before they can be recovered, which makes them especially rare. When they are found, it is often in desert environments such as the Sahara or Antarctica, where preservation conditions are favorable.

"The scientific interest in each of these meteorites is that they sample small, undifferentiated asteroids, and provide valuable information on the chemical composition and evolutionary history of the bodies from which they originate," says Josep M. Trigo-Rodriguez, the study's lead author and an astrophysicist at ICE-CSIC, affiliated to the Institute of Space Studies of Catalonia (IEEC).

Measuring the Building Blocks of Asteroids

To carry out the study, the ICE-CSIC team selected and carefully characterized asteroid related samples before sending them for detailed chemical analysis. The measurements were performed using mass spectrometry at the University of Castilla-La Mancha by Professor Jacinto Alonso-Azcarate. This work allowed the researchers to determine the precise chemical makeup of the six most common types of carbonaceous chondrites and assess whether extracting materials from their parent asteroids could one day be practical.




The Asteroids, Comets, and Meteorites research group at ICE-CSIC has spent more than a decade studying the physical and chemical properties of asteroid and comet surfaces. "At ICE-CSIC and IEEC, we specialize in developing experiments to better understand the properties of these asteroids and how the physical processes that occur in space affect their nature and mineralogy," Trigo-Rodriguez explains.

He also notes that ICE-CSIC serves as the international repository for NASA's Antarctic meteorite collection. Over the past ten years, he has helped select and request several of the carbonaceous chondrites used in this study and has designed multiple experiments around them. "The work now being published is the culmination of that team effort," he says.

Are Asteroid Resources Worth Extracting?

"Studying and selecting these types of meteorites in our clean room using other analytical techniques is fascinating, particularly because of the diversity of minerals and chemical elements they contain. However, most asteroids have relatively small abundances of precious elements, and therefore the objective of our study has been to understand to what extent their extraction would be viable," says Pau Grebol Tomas, a predoctoral researcher at ICE-CSIC.

Jordi Ibanez-Insa, a co-author of the study and researcher at Geosciences Barcelona (GEO3BCN-CSIC), points out that while many small asteroids are covered in loose surface material known as regolith, collecting small samples is very different from extracting resources at scale. "Although most small asteroids have surfaces covered in fragmented material called regolith -and it would facilitate the return of small amounts of samples-, developing large-scale collection systems to achieve clear benefits is a very different matter. In any case, it deserves to be explored because the search for resources in space could be susceptible to minimizing the impact of mining activities on terrestrial ecosystems," he says.

Choosing the Right Asteroids for the Future

The main asteroid belt contains an enormous range of objects, and understanding what resources they hold requires careful classification. According to Trigo-Rodriguez, asteroid composition varies widely due to their long and complex histories. "They are small and quite heterogeneous objects, heavily influenced by their evolutionary history, particularly collisions and close approaches to the Sun. If we are looking for water, there are certain asteroids from which hydrated carbonaceous chondrites originate, which, conversely, will have fewer metals in their native state. Let's not forget that, after 4.56 billion years since their formation, each asteroid has a different composition, as revealed by the study of chondritic meteorites."




One key conclusion of the research is that mining undifferentiated asteroids -- the primordial remnants of the solar system's formation considered the progenitor bodies of chondritic meteorites -- remains impractical for now. However, the team identifies a different class of relatively pristine asteroids that display olivine and spinel signatures as more promising mining targets.

To confidently identify such candidates, the researchers emphasize the importance of detailed chemical studies of carbonaceous chondrites combined with new sample return missions. These missions would help confirm which asteroids are truly linked to the meteorites studied on Earth.

Technology, Water, and Long Term Exploration

"Alongside the progress represented by sample return missions, companies capable of taking decisive steps in the technological development necessary to extract and collect these materials under low-gravity conditions are truly needed. The processing of these materials and the waste generated would also have a significant impact that should be quantified and properly mitigated," Trigo-Rodriguez adds.

The team expects progress in the near future, especially as in situ resource use becomes increasingly important for long duration missions to the Moon and Mars. Using materials found in space could significantly reduce the need for supplies launched from Earth. If water is the primary target, the researchers stress that asteroids altered by water and rich in water bearing minerals should be prioritized.

Extracting resources in low gravity environments will require entirely new approaches. "It sounds like science fiction, but it also seemed like science fiction when the first sample return missions were being planned thirty years ago," says Pau Grebol Tomas.

From Planetary Defense to Space Resources

Globally, several concepts are already being discussed, including capturing small asteroids that pass close to Earth and placing them into circumlunar orbit for study and resource use. Trigo-Rodriguez highlights that water rich carbonaceous asteroids may be especially attractive targets. "For certain water-rich carbonaceous asteroids, extracting water for reuse seems more viable, either as fuel or as a primary resource for exploring other worlds. This could also provide science with greater knowledge about certain bodies that could one day threaten our very existence. In the long term, we could even mine and shrink potentially hazardous asteroids so that they cease to be dangerous," he explains.
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New technology eliminates "forever chemicals" with record-breaking speed and efficiency | ScienceDaily
A research team at Rice University, working with international collaborators, has created the first environmentally friendly technology that can quickly trap and break down toxic "forever chemicals" (PFAS) in water. The results, published recently in Advanced Materials, represent a meaningful advance against one of the most stubborn pollution threats worldwide.


						
The project was led by Youngkun Chung, a postdoctoral fellow mentored by Michael S. Wong, a professor at Rice's George R. Brown School of Engineering and Computing. The effort also included Seoktae Kang, a professor at the Korea Advanced Institute of Science and Technology (KAIST), and Keon-Ham Kim, a professor at Pukyung National University in South Korea.

What Are PFAS and Why Are They a Problem

PFAS, short for per- and polyfluoroalkyl substances, are man-made chemicals that date back to the 1940s. They have been used in many everyday products, including Teflon pans, waterproof clothing, and some food packaging. PFAS became popular because they resist heat, grease, and water, but that same durability also means they break down very slowly, which is why they are often called "forever chemicals."

PFAS have now spread widely and can be found in water, soil, and air around the world. Research has linked exposure to liver damage, reproductive disorders, immune system disruption, and certain cancers. Cleanup has been difficult because once PFAS enter the environment, they are hard to remove and even harder to destroy.

Why Current PFAS Removal Methods Fall Short

Many standard approaches rely on adsorption, meaning the chemicals stick to materials such as activated carbon or ion-exchange resins. These methods are common, but they have major limitations, including low efficiency, slow operation, limited capacity, and the buildup of additional contaminated waste that still has to be handled.




"Current methods for PFAS removal are too slow, inefficient and create secondary waste," said Wong, the Tina and Sunit Patel Professor in Molecular Nanotechnology and professor of chemical and biomolecular engineering, chemistry and civil and environmental engineering. "Our new approach offers a sustainable and highly effective alternative."

The Breakthrough LDH Material That Works Fast

The new approach is built around a layered double hydroxide (LDH) material made from copper and aluminum. Kim first identified this type of material while he was a graduate student at KAIST in 2021. As the team explored these compounds further, Chung found that a specific version containing nitrate could adsorb PFAS with unusually high performance.

"To my astonishment, this LDH compound captured PFAS more than 1,000 times better than other materials," said Chung, a lead author of the study and now a fellow at Rice's WaTER (Water Technologies, Entrepreneurship and Research) Institute and Sustainability Institute. "It also worked incredibly fast, removing large amounts of PFAS within minutes, about 100 times faster than commercial carbon filters."

Researchers say the impressive results come from the material's internal design. Its ordered copper-aluminum layers, along with small charge imbalances, create a highly favorable surface where PFAS molecules can attach quickly and strongly.

Tested in River Water, Tap Water, and Wastewater

To see how well the system could perform outside the lab, the team tested the LDH material in river water, tap water, and wastewater. Across all three, it remained highly effective. It also performed well in both static tests and continuous-flow setups, pointing to possible use in municipal water treatment systems and industrial cleanup.




Closing the Loop With PFAS Destruction and Reuse

Capturing PFAS is only half the battle since the chemicals still need to be destroyed safely. Working with Rice professors Pedro Alvarez and James Tour, Chung developed a process to thermally decompose PFAS after they are captured on the LDH material. When the PFAS-loaded material was heated with calcium carbonate, the researchers removed more than half of the trapped PFAS without releasing toxic by-products. The same step also regenerated the LDH, making it possible to use the material again.

Early testing showed the material could go through at least six complete cycles of capture, destruction, and renewal. That makes it the first known eco-friendly, sustainable system for PFAS removal that combines rapid cleanup with repeated reuse.

International Collaboration and Research Support

"We are excited by the potential of this one-of-a-kind LDH-based technology to transform how PFAS-contaminated water sources are treated in the near future," Wong said. "It's the result of an extraordinary international collaboration and the creativity of young researchers."

A list of all the researchers involved in this study and their institutional affiliations can be found here. This research was supported by the Basic Science Research Program through the National Research Foundation of Korea funded by the Ministry of Education (2021R1A6A3A14044449, RS-2023-00242795), grants from the National Convergence Research of Scientific Challenges and the Sejong Science Fellowship through the National Research Foundation of Korea and funding from the Ministry of Science (NRF-2022M3C1C8094245) and ICT (RS-2024-00395438). This work was also funded by Saudi Aramco-KAIST CO2 Management, Nanosystems Engineering Research Center for Nanotechnology-Enabled Water Treatment (NEWT), the U.S. Army Corps of Engineers' Engineering Research and Development Center grant (W912HZ-21-2-0050), Rice Sustainability Institute and Rice WaTER Institute.
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Scientists say evolution works differently than we thought | ScienceDaily
For decades, many evolutionary biologists have believed that most genetic changes shaping genes and proteins are neutral. Under this view, mutations are usually neither helpful nor harmful, allowing them to spread quietly without being strongly favored or rejected by natural selection.


						
A new study from the University of Michigan challenges that long-standing assumption and suggests evolution may work very differently than once thought.

Rethinking the Neutral Theory of Evolution

As species evolve, random genetic mutations arise. Some of these mutations become fixed, meaning they spread until every individual in a population carries the change. The Neutral Theory of Molecular Evolution argues that most mutations that reach this stage are neutral. Harmful mutations are quickly eliminated, while helpful ones are assumed to be extremely rare, explains evolutionary biologist Jianzhi Zhang.

Zhang and his colleagues set out to test whether this idea holds up when examined more closely. Their results pointed to a major problem. The researchers found that beneficial mutations occur far more often than the Neutral Theory allows. At the same time, they observed that the overall rate at which mutations become fixed in populations is much lower than would be expected if so many helpful mutations were taking hold.

Why Beneficial Mutations Often Do Not Last

To explain this contradiction, the team proposed a new explanation rooted in environmental change. A mutation that provides an advantage in one setting may become harmful once conditions shift. Because environments change frequently, many beneficial mutations never spread widely enough to become fixed.




The study, which was supported by the U.S. National Institutes of Health, was published in Nature Ecology and Evolution.

"We're saying that the outcome was neutral, but the process was not neutral," said Zhang, a professor of ecology and evolutionary biology at U-M. "Our model suggests that natural populations are not truly adapted to their environments because environments change very quickly, and populations are always chasing the environment."

Zhang calls this framework Adaptive Tracking with Antagonistic Pleiotropy. The idea helps explain why organisms are rarely perfectly matched to their surroundings.

What This Means for Humans and Other Species

Zhang believes the findings have wide-ranging implications, including for humans. Modern environments differ dramatically from those our ancestors experienced, which may help explain why certain genetic traits no longer serve us as well as they once did.

"I think this has broad implications. For example, humans. Our environment has changed so much, and our genes may not be the best for today's environment because we went through a lot of other different environments. Some mutations may be beneficial in our old environments, but are mismatched to today," Zhang said.




He added that how well a population is adapted depends on how recently its environment has changed.

"At any time when you observe a natural population, depending on when the last time the environment had a big change, the population may be very poorly adapted or it may be relatively well adapted. But we're probably never going to see any population that is fully adapted to its environment, because a full adaptation would take longer than almost any natural environment can remain constant."

How Scientists Studied Beneficial Mutations

The Neutral Theory of Molecular Evolution was introduced in the 1960s, when advances in protein and gene sequencing allowed scientists to study evolution at the molecular level rather than focusing only on physical traits like shape and structure.

To measure how often beneficial mutations occur, Zhang and his team analyzed large deep mutational scanning datasets generated by their own lab and others. In these experiments, researchers deliberately created many different mutations within a single gene or section of the genome in organisms such as yeast and E. coli.

They then tracked these organisms over many generations and compared their growth to the wild type, or the most common form found in nature. By measuring growth differences, the researchers could estimate whether a mutation helped or harmed the organism.

The results showed that more than 1% of mutations were beneficial. This rate is far higher than what the Neutral Theory predicts. If all those helpful mutations became fixed, nearly all genetic changes would be beneficial and evolution would proceed much faster than what scientists actually observe. That realization led the team to question the assumption that environments stay constant over time.

Testing Evolution in Changing Environments

To explore the effects of environmental shifts, the researchers studied two groups of yeast. One group evolved in a stable environment for 800 generations (each generation lasted 3 hours). The second group evolved for the same number of generations but in a changing environment made up of 10 different types of media, or growth solutions. Each medium was used for 80 generations before switching to the next.

The yeast exposed to changing conditions showed far fewer beneficial mutations becoming established than those in the stable environment. Even when advantageous mutations appeared, they rarely lasted long enough to spread before conditions changed again.

"This is where the inconsistency comes from. While we observe a lot of beneficial mutations in a given environment, those beneficial mutations do not have a chance to be fixed because as their frequency increases to a certain level, the environment changes," Zhang said. "Those beneficial mutations in the old environment might become deleterious in the new environment."

Limits and Next Steps

Zhang cautioned that the study focused on yeast and E. coli, single-celled organisms where the effects of mutations are easier to measure. Data from multicellular organisms will be needed to determine whether the same patterns apply to more complex life, including humans.

The research team is now planning follow-up studies to better understand why it takes so long for organisms to fully adapt even when environmental conditions remain stable.

Other authors of the study include former U-M graduate students Siliang Song and Xukang Shen and former U-M postdoctoral researcher Piaopiao Chen.
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What you eat could decide the planet's future | ScienceDaily
eople, the holidays often bring joyful indulgence, followed by regret and ambitious New Year's resolutions to eat better.
A recent study from the University of British Columbia suggests moderation should not be a seasonal goal but a long-term one. The research found that 44 percent of the global population would need to change their eating habits to keep global warming below 2 degC.
The study was led by Dr. Juan Diego Martinez while he was a doctoral student at UBC's Institute for Resources, Environment and Sustainability. He explains what the research uncovered and outlines practical diet changes that could make a real difference.

What did you find? 

Half of us globally and at least 90 percent of Canadians need to change our diets to prevent severe planetary warming. And that number is conservative, because we used 2012 data. Since then, emissions and the world's population have both increased. Looking ahead to 2050, we found that 90 percent of us will need to be eating differently.

We looked at data from 112 countries, accounting for 99 percent of food-related greenhouse gas emissions globally, and divided each country's population into 10 income groups. We calculated a food emissions budget for each person by combining emissions from food consumption, global food production and supply chains, and compared these emissions to the total the world can afford if we want to stay below 2 degC of warming.

Why focus on dietary changes rather than, say, flying less?

The world's food systems are responsible for more than one-third of all human greenhouse gas emissions.

We found that the 15 percent of people who emitted the most account for 30 percent of total food emissions, equaling the contribution of the entire bottom 50 percent. This select group consists of the wealthiest people in high emissions countries, including the Central African Republic, Brazil and Australia.




Even though this group is emitting a lot, there is a much higher number of people whose diets are above that cap. This is why half, not just the richest, of the global population needs to change diets. In Canada, all 10 income groups are above the cap.

Debates around flying less, driving electric and buying fewer luxury goods are valid: We need to reduce emissions any way we can. However, food emissions are not just a problem for the richest -- we all need to eat, so we can all make a change. For people who are both flying frequently and eating lots of beef, it's not an either/or: Try to reduce both.

What changes can we make to our diets? 

Eat only what you need. Repurpose what you don't. Less wasted food means fewer emissions, less cooking and more easy, tasty leftovers.

Eliminate or reduce your beef consumption -- 43 percent of food-related emissions from the average Canadian come from beef alone. We could have had our beef and eaten it too if we'd followed the agreements laid out in the Kyoto Protocol, but we're now at a point where food emissions also need to fall to avoid the worst of climate change.

I grew up in Latin America where eating a lot of beef is part of the culture, so I get how much of an ask this is. But we just can't deny the data anymore.

Vote with your fork. This is a first step to demand change from your political leaders. The more we talk about our own dietary changes and what matters to us, the more politicians will begin to care about policies that bring positive changes to our food systems.
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Scientists reverse Alzheimer's in mice and restore memory | ScienceDaily
A study reveals that restoring the brain's energy balance may not just slow Alzheimer's -- but actually reverse it.


						    	For more than a century, Alzheimer's disease has been widely viewed as permanent and untreatable once it begins. As a result, most research has focused on preventing the disease or slowing its progression rather than attempting to reverse it.
    	By studying multiple mouse models of Alzheimer's alongside human Alzheimer's brain tissue, researchers identified a critical biological problem at the center of the disease. They found that the brain's inability to maintain healthy levels of a vital cellular energy molecule called NAD+ plays a major role in driving Alzheimer's.
    	In animal models, maintaining normal brain NAD+ levels prevented Alzheimer's from developing. Even more striking, restoring NAD+ balance after the disease was already advanced allowed the brain to repair damage and fully restore cognitive function.
    	These results suggest that treatments aimed at restoring the brain's energy balance could potentially move Alzheimer's therapy beyond slowing decline and toward meaningful recovery.
    	The findings also open the door to further research, including the exploration of complementary strategies and carefully designed clinical trials to determine whether these results can translate to patients.

A Longstanding View of Alzheimer's Is Being Questioned

For more than 100 years, Alzheimer's disease (AD) has been widely viewed as a condition that cannot be undone. Because of this belief, most scientific efforts have focused on preventing the disease or slowing its progression, rather than attempting to restore lost brain function. Even after decades of research and billions of dollars in investment, no drug trial for Alzheimer's has ever been designed with the goal of reversing the disease and recovering cognitive abilities.

That long-held assumption is now being challenged by researchers from University Hospitals, Case Western Reserve University, and the Louis Stokes Cleveland VA Medical Center. Their work set out to answer a bold question: can brains already damaged by advanced Alzheimer's recover?

New Study Targets Brain Energy Failure

The research was led by Kalyani Chaubey, PhD, of the Pieper Laboratory and published on December 22 in Cell Reports Medicine. By examining both human Alzheimer's brain tissue and multiple preclinical mouse models, the team identified a key biological failure at the center of the disease. They found that the brain's inability to maintain normal levels of a critical cellular energy molecule called NAD+ plays a major role in driving Alzheimer's. Importantly, maintaining proper NAD+ balance was shown to not only prevent the disease but also reverse it in experimental models.

NAD+ levels naturally decline throughout the body, including the brain, as people age. When NAD+ drops too low, cells lose the ability to carry out essential processes needed for normal function and survival. The researchers discovered that this decline is far more severe in the brains of people with Alzheimer's. The same pattern was seen in mouse models of the disease.




How Alzheimer's Was Modeled in the Lab

Although Alzheimer's occurs only in humans, scientists study it using specially engineered mice that carry genetic mutations known to cause the disease in people. In this study, researchers used two such models. One group of mice carried multiple human mutations affecting amyloid processing, while the other carried a human mutation in the tau protein.

Amyloid and tau abnormalities are among the earliest and most significant features of Alzheimer's. In both mouse models, these mutations led to widespread brain damage that closely mirrors the human disease. This included breakdown of the blood-brain barrier, damage to nerve fibers, chronic inflammation, reduced formation of new neurons in the hippocampus, weakened communication between brain cells, and extensive oxidative damage. The mice also developed severe memory and cognitive problems similar to those seen in people with Alzheimer's.

Testing Whether Alzheimer's Damage Could Be Reversed

After confirming that NAD+ levels dropped sharply in both human and mouse Alzheimer's brains, the team explored two possibilities. They tested whether maintaining NAD+ balance before symptoms appeared could prevent Alzheimer's, and whether restoring that balance after the disease had already progressed could reverse it.

This approach built on the group's earlier work published in Proceeding of the National Academy of Sciences USA, which showed that restoring NAD+ balance led to both structural and functional recovery after severe, long-lasting traumatic brain injury. In the current study, the researchers used a well-characterized pharmacologic compound called P7C3-A20, developed in the Pieper laboratory, to restore NAD+ balance.




Full Cognitive Recovery Observed in Advanced Disease

The results were striking. Preserving NAD+ balance protected mice from developing Alzheimer's, but even more surprising was what happened when treatment began after the disease was already advanced. In those cases, restoring NAD+ balance allowed the brain to repair the major pathological damage caused by the genetic mutations.

Both mouse models showed complete recovery of cognitive function. This recovery was also reflected in blood tests, which showed normalized levels of phosphorylated tau 217, a recently approved clinical biomarker used to diagnose Alzheimer's in people. These findings provided strong evidence of disease reversal and highlighted a potential biomarker for future human trials.

Researchers Express Cautious Optimism

"We were very excited and encouraged by our results," said Andrew A. Pieper, MD, PhD, senior author of the study and Director of the Brain Health Medicines Center, Harrington Discovery Institute at UH. "Restoring the brain's energy balance achieved pathological and functional recovery in both lines of mice with advanced Alzheimer's. Seeing this effect in two very different animal models, each driven by different genetic causes, strengthens the idea that restoring the brain's NAD+ balance might help patients recover from Alzheimer's."

Dr. Pieper also holds the Morley-Mather Chair in Neuropsychiatry at UH and the CWRU Rebecca E. Barchas, MD, DLFAPA, University Professorship in Translational Psychiatry. He serves as Psychiatrist and Investigator in the Louis Stokes VA Geriatric Research Education and Clinical Center (GRECC).

A Shift in How Alzheimer's Is Viewed

The findings suggest a fundamental change in how Alzheimer's could be approached in the future. "The key takeaway is a message of hope -- the effects of Alzheimer's disease may not be inevitably permanent," said Dr. Pieper. "The damaged brain can, under some conditions, repair itself and regain function."

Dr. Chaubey added, "Through our study, we demonstrated one drug-based way to accomplish this in animal models, and also identified candidate proteins in the human AD brain that may relate to the ability to reverse AD."

Why This Approach Differs From Supplements

Dr. Pieper cautioned against confusing this strategy with over the counter NAD+-precursors. He noted that such supplements have been shown in animal studies to raise NAD+ to dangerously high levels that promote cancer The method used in this research relies instead on P7C3-A20, a pharmacologic agent that helps cells maintain healthy NAD+ balance during extreme stress, without pushing levels beyond their normal range.

"This is important when considering patient care, and clinicians should consider the possibility that therapeutic strategies aimed at restoring brain energy balance might offer a path to disease recovery," said Dr. Pieper.

Next Steps Toward Human Trials

The research also opens the door to additional studies and eventual testing in people. The technology is currently being commercialized by Glengary Brain Health, a Cleveland-based company co-founded by Dr. Pieper.

"This new therapeutic approach to recovery needs to be moved into carefully designed human clinical trials to determine whether the efficacy seen in animal models translates to human patients," Dr. Pieper explained. "Additional next steps for the laboratory research include pinpointing which aspects of brain energy balance are most important for recovery, identifying and evaluating complementary approaches to Alzheimer's reversal, and investigating whether this recovery approach is also effective in other forms of chronic, age-related neurodegenerative disease."
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Why consciousness can't be reduced to code | ScienceDaily
Today's arguments about consciousness often get stuck between two firm camps. One is computational functionalism, which says thinking can be fully described as abstract information processing. If a system has the right functional organization (regardless of the material it runs on), it should produce consciousness. The other is biological naturalism, which argues the opposite. It says consciousness cannot be separated from the special features of living brains and bodies because biology is not just a container for cognition, it is part of cognition itself. Both views capture real insights, but the deadlock suggests an important piece is still missing.


						
In our new paper, we propose a different approach: biological computationalism. The label is meant to be provocative, but also to sharpen the conversation. Our main argument is that the standard computational framework is broken, or at least poorly suited to how brains actually work. For a long time, it has been tempting to picture the mind as software running on neural hardware, with the brain "computing" in roughly the way a conventional computer does. But real brains are not von Neumann machines, and forcing that comparison leads to shaky metaphors and fragile explanations. If we want a serious account of how brains compute, and what it would take to build minds in other substrates, we first need a broader definition of what "computation" can be.

Biological computation, as we describe it, has three core features.

Hybrid Brain Computation in Real Time

First, biological computation is hybrid. It mixes discrete events with continuous dynamics. Neurons fire spikes, synapses release neurotransmitters, and networks shift through event-like states. At the same time, these events unfold within constantly changing physical conditions such as voltage fields, chemical gradients, ionic diffusion, and time-varying conductances. The brain is not purely digital, and it is not simply an analog machine either. Instead, it works as a multi-layered system where continuous processes influence discrete events, and discrete events reshape the continuous background, over and over, in an ongoing feedback loop.

Why Brain Computation Cannot Be Separated by Scale

Second, biological computation is scale-inseparable. In conventional computing, it is often possible to cleanly separate software from hardware, or a "functional level" from an "implementation level." In the brain, that kind of separation breaks down. There is no neat dividing line where you can point to the algorithm on one side and the physical mechanism on the other. Cause and effect run across many scales at once, from ion channels to dendrites to circuits to whole-brain dynamics, and these levels do not behave like independent modules stacked in layers. In biological systems, changing the "implementation" changes the "computation," because the two are tightly intertwined.




Metabolism and Energy Constraints Shape Intelligence

Third, biological computation is metabolically grounded. The brain operates under strict energy limits, and those limits shape its structure and function everywhere. This is not just an engineering detail. Energy constraints influence what the brain can represent, how it learns, which patterns remain stable, and how information is coordinated and routed. From this perspective, the tight coupling across levels is not accidental complexity. It is an energy optimization strategy that supports robust, flexible intelligence under severe metabolic limits.

The Algorithm Is the Substrate

Taken together, these three features point to a conclusion that can feel strange if you are used to classical computing ideas. Computation in the brain is not abstract symbol manipulation. It is not simply about moving representations around according to formal rules while the physical medium is treated as "mere implementation." In biological computation, the algorithm is the substrate. The physical organization does not just enable the computation, it is what the computation consists of. Brains do not merely run a program. They are a specific kind of physical process that computes by unfolding through time.

What This Means for AI and Synthetic Minds

This view also exposes a limitation in how people often describe modern AI. Even powerful systems mostly simulate functions. They learn mappings from inputs to outputs, sometimes with impressive generalization, but the computation is still a digital procedure running on hardware built for a very different style of computing. Brains, by contrast, carry out computation in physical time. Continuous fields, ion flows, dendritic integration, local oscillatory coupling, and emergent electromagnetic interactions are not just biological "details" that can be ignored while extracting an abstract algorithm. In our view, these are the computational primitives of the system. They are the mechanisms that enable real-time integration, resilience, and adaptive control.




Not Biology Only, But Biology Like Computation

This does not mean we think consciousness is somehow restricted to carbon-based life. We are not arguing "biology or nothing." Our claim is narrower and more practical. If consciousness (or mind-like cognition) depends on this kind of computation, then it may require biological-style computational organization, even if it is built in new substrates. The key issue is not whether the substrate is literally biological, but whether the system instantiates the right kind of hybrid, scale-inseparable, metabolically (or more generally energetically) grounded computation.

A Different Target for Building Conscious Machines

That reframes the goal for anyone trying to build synthetic minds. If brain computation cannot be separated from how it is physically realized, then scaling digital AI alone may not be enough. This is not because digital systems cannot become more capable, but because capability is only part of the puzzle. The deeper risk is that we may be optimizing the wrong thing by improving algorithms while leaving the underlying computational ontology unchanged. Biological computationalism suggests that building truly mind-like systems may require new kinds of physical machines whose computation is not organized as software on hardware, but spread across levels, dynamically linked, and shaped by the constraints of real-time physics and energy.

So if we want something like synthetic consciousness, the central question may not be, "What algorithm should we run?" It may be, "What kind of physical system must exist for that algorithm to be inseparable from its own dynamics?" What features are required, including hybrid event-field interactions, multi-scale coupling without clean interfaces, and energetic constraints that shape inference and learning, so that computation is not an abstract description layered on top but an intrinsic property of the system itself?

That is the shift biological computationalism calls for. It moves the challenge from finding the right program to finding the right kind of computing matter.
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AI supercharges scientific output while quality slips | ScienceDaily
After ChatGPT became widely available in late 2022, many researchers started telling colleagues they could get more done with these new artificial intelligence tools. At the same time, journal editors reported a surge of smoothly written submissions that did not seem to add much scientific value.


						
A new Cornell study suggests those informal reports point to a broader change in how scientists are preparing manuscripts. The researchers found that large language models (LLMs) such as ChatGPT can increase paper output, with especially strong benefits for scientists who are not native English speakers. But the growing volume of AI written text is also making it harder for key decision makers to tell meaningful work apart from low value content.

"It is a very widespread pattern, across different fields of science -- from physical and computer sciences to biological and social sciences," said Yian Yin, assistant professor of information science in the Cornell Ann S. Bowers College of Computing and Information Science. "There's a big shift in our current ecosystem that warrants a very serious look, especially for those who make decisions about what science we should support and fund."

The findings appear in a paper titled "Scientific Production in the Era of Large Language Models," published Dec. 18 in Science.

How the Cornell Team Measured AI Use in Research Papers

To examine how LLMs are influencing scientific publishing, Yin's team compiled more than 2 million papers posted from January 2018 through June 2024 across three major preprint platforms. Those sites are arXiv, bioRxiv and Social Science Research Network (SSRN). Together, they represent the physical sciences, life sciences and social sciences, and they host studies that have not yet been through peer review.

The researchers used papers posted before 2023 that were presumed to be written by humans and compared them with AI generated text. From that comparison, they built a model designed to flag papers that were likely written with help from LLMs. Using this detector, they estimated which authors were probably using LLMs for writing, tracked how many papers those scientists posted before and after adopting the tools, and then checked whether the papers were later accepted by scientific journals.




Big Productivity Gains, Especially for Non Native English Speakers

The results showed a clear productivity jump linked to apparent LLM use. On arXiv, scientists flagged as using LLMs posted roughly one third more papers than those who did not appear to use AI. On bioRxiv and SSRN, the increase exceeded 50%.

The boost was largest for scientists who write in English as a second language and face extra hurdles when communicating technical work in a foreign language. For example, researchers affiliated with Asian institutions posted between 43.0% and 89.3% more papers after the detector suggested they began using LLMs, compared with similar researchers who did not appear to adopt the technology, depending on the preprint site. Yin expects the advantage could eventually shift global patterns of scientific productivity toward regions that have been held back by the language barrier.

AI Search May Broaden What Scientists Cite

The study also pointed to a potential benefit during literature searches and citation building. When researchers look for related work to cite, Bing Chat -- described as the first widely adopted AI powered search tool -- performed better at surfacing newer papers and relevant books than traditional search tools. Traditional tools, by contrast, were more likely to return older and more heavily cited sources.

"People using LLMs are connecting to more diverse knowledge, which might be driving more creative ideas," said first author Keigo Kusumegi, a doctoral student in the field of information science. He plans future research to test whether AI use is associated with more innovative and interdisciplinary science.




A New Problem for Peer Review and Research Evaluation

Even as LLMs help individuals produce more manuscripts, the same tools can make it harder for others to judge what is truly strong science. In human written papers, clearer yet more complex writing, including longer sentences and bigger words, has often been a useful signal of higher quality research. Across arXiv, bioRxiv and SSRN, papers likely written by humans that scored highly on a writing complexity test were also the most likely to be accepted by journals.

That pattern looked different for papers likely written with LLM assistance. Even when those AI flagged papers scored high on writing complexity, they were less likely to be accepted by journals. The researchers interpret this as a sign that polished language may no longer reliably reflect scientific value, and that reviewers may be rejecting some of these papers despite strong sounding writing.

Yin said this gap between writing quality and research quality could have serious consequences. Editors and reviewers may struggle more to identify the most valuable submissions, while universities and funding agencies may find that raw publication counts no longer reflect scientific contribution.

What Comes Next for Research on Generative AI

The researchers emphasize that these findings are observational. As a next step, they hope to test cause and effect using approaches such as controlled experiments, including designs where some scientists are randomly assigned to use LLMs and others are not.

Yin is also organizing a symposium on the Ithaca campus scheduled for March 3-5, 2026. The event will explore how generative AI is changing research and how scientists and policymakers can guide those changes.

As AI becomes more common for writing, coding and even generating ideas, Yin expects its influence to expand, effectively turning these systems into a kind of co scientist. He argues that policymakers should update rules to keep pace with the fast moving technology.

"Already now, the question is not, have you used AI? The question is, how exactly have you used AI and whether it's helpful or not."

Study Authors and Funding

Co authors include Xinyu Yang, a doctoral student in the field of computer science; Paul Ginsparg, professor of information science in Cornell Bowers and of physics in the College of Arts and Sciences, and founder of arXiv; and Mathijs de Vaan and Toby Stuart of the University of California, Berkeley.

The research was supported by the National Science Foundation.
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We are living in a golden age of species discovery | ScienceDaily
Roughly three centuries ago, Swedish naturalist Carl Linnaeus set out to catalog and name every living organism he could find. He is now widely regarded as the founder of modern taxonomy after introducing the binomial naming system and formally describing more than 10,000 species of plants and animals. Scientists have continued that mission ever since, steadily expanding humanity's understanding of Earth's biodiversity.


						
A new study led by researchers at the University of Arizona and published in Science Advances shows that the pace of discovery is accelerating. Today, scientists are identifying more than 16,000 new species each year, the highest rate ever recorded. The researchers say this trend is not slowing and suggest that groups such as plants, fungi, arachnids, fishes and amphibians are far more diverse than previously believed.

"Some scientists have suggested that the pace of new species descriptions has slowed down and that this indicates that we are running out of new species to discover, but our results show the opposite," said John Wiens, a professor in the University of Arizona Department of Ecology and Evolutionary Biology, in the College of Science, and senior author of the paper. "In fact, we're finding new species at a faster rate than ever before."

What the Data Reveal About Global Biodiversity

To reach their conclusions, the team examined the taxonomic records of roughly 2 million species from across all major forms of life. Looking at the most recent period with comprehensive data, between 2015 and 2020, they found that researchers documented an average of more than 16,000 new species per year. These discoveries included more than 10,000 animals (dominated by arthropods and insects), about 2,500 plants, and roughly 2,000 fungi.

"Our good news is that this rate of new species discovery far outpaces the rate of species extinctions, which we calculated to about 10 per year," said Wiens, referring to another study he led that was published in October. "These thousands of newly found species each year are not just microscopic organisms, but include insects, plants, fungi and even hundreds of new vertebrates."

More Species Than Ever and Many Still Undiscovered

Wiens and his co-authors found that scientists are describing more species annually than at any other time in history. They also used long-term trends in discovery rates to estimate how many species may exist overall. Their projections suggest there could be as many as 115,000 fish species and 41,000 amphibian species, compared with about 42,000 fish and 9,000 amphibians currently described. The researchers also estimate that the total number of plant species could exceed half a million.




"As the famous ecologist Robert May said, if visiting aliens asked us how many species live on our planet, we would have no definitive answer," said Wiens. "Right now, we know of about 2.5 million species, but the true number may be in the tens or hundreds of millions or even the low billions."

The team expects the discovery rate to keep rising. For instance, scientists have formally identified around 1.1 million insect species, but many researchers estimate the real number is closer to 6 million. In earlier work, Wiens suggested the total could even approach 20 million.

"Right now, most new species are identified by visible traits," said Wiens. He explained that advances in molecular techniques are making it possible to detect species that look similar on the surface but differ genetically. This approach is especially promising for uncovering previously unrecognized bacteria and fungi.

Why Discovering New Species Matters

"Discovering new species is important because these species can't be protected until they're scientifically described," Wiens added. "Documentation is the first step in conservation -- we can't safeguard a species from extinction if we don't know it exists."

New discoveries also play a role in improving human health and technology. Many natural products come from living organisms, including GLP-1 receptor agonists, popular weight-loss drugs inspired by a hormone found in Gila monsters. Compounds from spider and snake venoms, along with substances produced by plants and fungi, are being studied for their potential to treat pain, cancer, and other conditions.




Beyond medicine, nature often inspires innovation. Some species have physical traits that serve as models for new materials and technologies, such as surfaces designed to mimic the "super-clinging" feet that allow geckos to scale vertical walls.

"We're still just scratching the surface of what these species can do for humanity," Wiens said.

Mapping the Future of Discovery

Looking ahead, the researchers plan to chart where new species are most frequently found to pinpoint regions rich in undiscovered life. They are also examining who is making these discoveries to see whether the field has shifted from being dominated by European scientists to researchers documenting species in their own home countries.

"Even though Linnaeus' quest to identify species began 300 years ago, 15% of all known species have been discovered in just the past 20 years," Wiens said. "So much remains unknown, and each new discovery brings us closer to understanding and protecting the incredible biodiversity of life on our planet."
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This new 3D chip could break AI's biggest bottleneck | ScienceDaily
Engineers from Stanford University, Carnegie Mellon University, University of Pennsylvania, and the Massachusetts Institute of Technology worked with SkyWater Technology, the largest exclusively U.S. based pure play semiconductor foundry, to create a new multilayer computer chip. The team says its architecture could mark a major shift in AI hardware and strengthen domestic semiconductor innovation.


						
Unlike most of today's chips, which are mostly flat and 2D, this prototype is built to rise upward. Ultra thin parts are stacked like floors in a tall building, and vertical wiring works like many fast elevators that move huge amounts of data quickly. With a record setting number of vertical connections and a tightly woven layout that places memory and computing units close together, the design avoids slowdowns that have limited progress in flat chips. In hardware tests and simulations, the 3D chip beats 2D chips by roughly an order of magnitude.

Researchers have made experimental 3D chips in academic labs before, but the team says this is the first time one has delivered clear performance improvements and been produced in a commercial foundry. "This opens the door to a new era of chip production and innovation," said Subhasish Mitra, the William E. Ayer Professor in Electrical Engineering and professor of computer science at Stanford University, and principal investigator of a new paper describing the chip presented at the 71st Annual IEEE International Electron Devices Meeting (IEDM). "Breakthroughs like this are how we get to the 1,000-fold hardware performance improvements future AI systems will demand."

Why Flat Chips Struggle With Modern AI

Large AI models such as ChatGPT and Claude constantly shuttle enormous volumes of data between memory, which holds information, and the computing units that process it.

On conventional 2D chips, everything sits on one surface and memory is limited and spread out, so data is forced through a small number of long, crowded paths. The computing parts can run far faster than data can be delivered, and the chip cannot keep enough memory nearby. The result is frequent waiting. Engineers call this problem the "memory wall," where processing speed outruns the chip's ability to feed it data.

For years, chipmakers pushed back against the memory wall by shrinking transistors, the tiny switches that handle computations and store data, and packing more of them onto each chip. But researchers say that approach is nearing hard physical limits, known as the "miniaturization wall."

The new design aims to get past both limits by building upward. "By integrating memory and computation vertically, we can move a lot more information much quicker, just as the elevator banks in a high-rise let many residents travel between floors at once," said Tathagata Srimani, assistant professor of electrical and computer engineering at Carnegie Mellon University, the paper's senior author, who began the work as a postdoctoral fellow advised by Mitra.




"The memory wall and the miniaturization wall form a deadly combination," said Robert M. Radway, assistant professor of electrical and systems engineering at the University of Pennsylvania and a co-author of the study. "We attacked it head-on by tightly integrating memory and logic and then building upward at extremely high density. It's like the Manhattan of computing -- we can fit more people in less space."

How the Monolithic 3D Chip Is Manufactured

Many earlier 3D chip efforts have taken a simpler route by stacking separate chips. That can help, but the links between layers are often relatively rough, limited in number, and can become bottlenecks.

This team used a different approach. Instead of making separate chips and bonding them together, they build each new layer directly on top of the previous one in a single continuous flow. This method, known as "monolithic" 3D integration, uses temperatures low enough to avoid harming the circuitry already built below. That makes it possible to pack layers more tightly and create far more dense connections between them.

A key point, the researchers say, is that the entire process was carried out in a domestic commercial silicon foundry. "Turning a cutting-edge academic concept into something a commercial fab can build is an enormous challenge," said co-author Mark Nelson, vice president of technology development operations at SkyWater Technology. "This shows that these advanced architectures aren't just possible in the lab -- they can be produced domestically, at scale, which is what America needs to stay at the forefront of semiconductor innovation."

Performance Gains and What Comes Next for AI Hardware

In early hardware tests, the prototype outperformed comparable 2D chips by about four times. The team's simulations suggest even bigger gains as the design grows taller with more stacked layers of memory and compute. With additional tiers, the models show up to a twelve fold improvement on real AI workloads, including workloads derived from Meta's open source LLaMA model.




The researchers also highlight a longer range payoff. They say the architecture offers a practical route to 100 to 1,000 fold improvements in energy delay product (EDP), a metric that combines speed and energy efficiency. By shortening how far data needs to travel and adding many more vertical routes for movement, the chip can increase throughput while reducing energy per operation, a combination that has been difficult to achieve with conventional flat designs.

The team says the importance of the work is not only about speed. By demonstrating that monolithic 3D chips can be made in the United States, they argue it provides a blueprint for a new period of domestic hardware innovation where the most advanced chips can be designed and manufactured on U.S. soil.

They also say the shift to vertical, monolithic 3D integration will require a new generation of engineers trained in these methods, similar to how the integrated circuit boom of the 1980s was fueled by students learning chip design and fabrication in U.S. labs. Through collaborations and funding efforts including the Microelectronics Commons California-Pacific-Northwest AI Hardware Hub (Northwest-AI-Hub), students and researchers are already being prepared to push American semiconductor innovation forward.

"Breakthroughs like this are of course about performance," said H.-S. Philip Wong, the Willard R. and Inez Kerr Bell Professor in the Stanford School of Engineering and principal investigator of the Northwest-AI-Hub. "But they're also about capability. If we can build advanced 3D chips, we can innovate faster, respond faster, and shape the future of AI hardware."

This study took place at Stanford University School of Engineering, Carnegie Mellon University College of Engineering, the University of Pennsylvania School of Engineering and Applied Science, and the Massachusetts Institute of Technology, and all fabrications were completed at SkyWater Technology's Bloomington, Minnesota, Foundry. Support came from the Defense Advanced Research Projects Agency, the U.S. National Science Foundation Graduate Research Fellowship Program, Samsung, the Stanford Precourt Institute for Energy, the Stanford SystemX Alliance, the Department of War's Microelectronics Commons AI Hardware Hub, the U.S. Department of Energy, and the National Science Foundation's Future of Semiconductors Program (2425218).

Additional Stanford co-authors include Suhyeong Choi, Samuel Dayo, Andrew Bechdolt, Shengman Li, Dennis T. Rich, and R.H. Yang. Additional authors are from CMU and MIT.
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Physicists found a way to make thermodynamics work in the quantum world | ScienceDaily
In 1798, officer and physicist Benjamin Thompson (a.k.a. Count Rumford) made a simple but powerful observation while watching cannon barrels being drilled in Munich. The metal heated up continuously during the process, leading him to conclude that heat is not a physical substance. Instead, it can be produced endlessly through mechanical friction.


						
To test this idea, Rumford placed the cannon barrels in water and timed how long it took for the water to boil. His measurements showed that motion alone could generate large amounts of heat. Experiments like these laid the groundwork for thermodynamics in the 19th century. At first, this new field played a key role in the Industrial Revolution by explaining how heat could be converted efficiently into useful work, such as powering steam engines.

The Core Laws of Energy and Disorder

Today, the laws of thermodynamics are foundational knowledge for scientists. They state that in a closed system, the total amount of energy stays the same, whether it appears as heat or work. They also describe entropy, a measure of disorder, which never decreases over time.

While these principles hold true in everyday situations, problems arise when scientists try to apply them to extremely small systems governed by quantum physics. At that scale, familiar ideas about heat and work start to blur.

A Quantum Challenge to Classical Physics

Researchers at the University of Basel, led by Professor Patrick Potts, have developed a new approach to defining thermodynamic quantities for certain quantum systems. Their findings were recently published in the scientific journal Physical Review Letters.




"The problem we have with the thermodynamic description of quantum systems is that in such systems, everything is microscopic. This means that the distinction between work, which is useful macroscopic energy, and heat, or disordered microscopic motion, is no longer straightforward," doctoral student Aaron Daniel explains.

Laser Light in a Cavity

To explore this challenge, the team studied cavity resonators. These systems trap laser light between two mirrors, causing the light to bounce back and forth before some of it eventually escapes.

Laser light differs from the light produced by bulbs or LEDs because its electromagnetic waves move in perfect sync. When laser light travels through a cavity filled with atoms, this synchronization, known as coherence, can be disrupted. As a result, the light may become partly or fully incoherent (which corresponds to the disordered motion of particles). "The coherence of the light in such a laser-cavity-system was the starting point of our calculations," says Max Schrauwen, a bachelor's student involved in the study.

Work by Coherence

The researchers began by clarifying what "work" means for laser light. One example is the ability to charge a so-called quantum battery, which requires coherent light that can collectively push atoms into an excited state. A simple assumption would be that the incoming coherent light performs work, while the outgoing light, having lost some coherence, represents heat.

But the situation is more subtle. Even light that has become partially incoherent can still perform useful work, just less effectively than fully coherent light. Daniel and his colleagues examined what happens if only the coherent portion of the exiting light is counted as work, while the incoherent portion is treated as heat. With this definition, both laws of thermodynamics remain valid, showing that the framework is self-consistent.

Implications for Quantum Technology

"In the future, we can use our formalism to consider more subtle problems in quantum thermodynamics," says Daniel. This approach could prove valuable for emerging quantum technologies, including quantum networks. It may also help scientists better understand how familiar classical behavior emerges from the underlying quantum world.
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This tiny peptide could help stop brain damage after injury | ScienceDaily
A global research team led by the company Aivocode, working with scientists from the Institute for Advanced Chemistry of Catalonia (IQAC) of the Spanish National Research Council (CSIC), reports that a small compound has a strong protective effect in mouse models of traumatic brain injury. The compound is a peptide made from four amino acids called CAQK.


						
In animal tests (mice and pigs), researchers gave CAQK through an IV soon after injury. The peptide was drawn to damaged parts of the brain because it is attracted to a protein that becomes unusually abundant in injured tissue after trauma. CAQK built up where this protein was concentrated and helped reduce inflammation, cell death, and harm to brain tissue. In mice, the treatment also improved functional recovery and showed no obvious toxicity.

Study details and plans for human trials

The findings were published in EMBO Molecular Medicine and point to new ways to treat injured brain regions. The work was led by Aivocode (a spin-off of the Sanford Burnham Prebys Institute) in San Diego, California, in partnership with IQAC-CSIC and the University of California, Davis.

Aivocode was founded by researchers Aman P. Mann, Sazid Hussain, and Erkki Ruoslahti (authors of the study). The company says it plans to seek permission from the U.S. Food and Drug Administration (FDA) to begin Phase I clinical trials in humans. No timeline has been announced, but CAQK's small size matters because it is a short peptide that is easier to manufacture and can penetrate tissue well, making it a promising drug candidate.

Traumatic brain injury and the lack of approved drugs

Traumatic brain injury (TBI) usually happens after a blow to the head, including injuries from traffic crashes, workplace accidents, or falls. It is estimated to affect around 200 people per 100,000 inhabitants each year. Today's care focuses on keeping patients stable by lowering intracranial pressure and preserving blood flow, yet there are no approved medicines that stop the brain damage itself or the secondary cascade that follows, including inflammation and cell death. Some experimental approaches also require direct injections into the brain, which is invasive and can lead to complications.




"The current interventions for treating acute brain injury aim to stabilize the patient by reducing intracranial pressure and maintaining blood flow, but there are no approved drugs to stop the damage and secondary effects of these injuries," explains Dr. Pablo Scodeller, researcher at IQAC-CSIC and co-author of the study.

A non-invasive approach and a key link to earlier research

Developing a non-invasive treatment for an injured brain remains one of neurology's biggest challenges. This study builds on earlier research from 2016 that was published in Nature Communications.

In that earlier work, researcher Aman P. Mann and Pablo Scodeller, working in Dr. Ruoslahti's lab at Sanford Burnham Prebys (senior author of both studies), identified a peptide that could home in on injured areas of the mouse brain. The peptide, CAQK, was found using peptide-phage display, a large-scale screening method that helps researchers select molecules that bind to specific tissues. At the time, CAQK served mainly as a "vehicle" to carry drugs directly to the injured region. The new study shows something more, that CAQK itself can have therapeutic effects.

How CAQK targets damaged tissue in mice and pigs

To test whether CAQK could work as a treatment, the team administered it intravenously soon after a moderate or severe traumatic brain injury. They then saw the peptide accumulate in injured brain tissue in both mice and pigs (the latter having brains more similar to humans than mice). The researchers also found that CAQK binds to glycoproteins (proteins attached to sugars), which increase after injury and are part of the extracellular matrix -- a supportive structure that surrounds brain cells.

When mice with traumatic brain injury received CAQK, their lesion sizes were smaller than those in control mice. "We observed less cell death and lower expression of inflammatory markers in the injured area, indicating that CAQK alleviated neuroinflammation and its secondary effects. Behavioral and memory tests conducted after treatment also showed improvement in functional deficits, with no evident toxicity," explains the study's first author, Dr. Mann.

The results suggest that CAQK can support repair in damaged brain tissue and may have therapeutic value after trauma. "What's exciting is that, in addition to proving highly effective, it's a very simple compound -- a short peptide that is easy to synthesize safely at large scale. Peptides with these characteristics show good tissue penetration and are non-immunogenic," concludes Scodeller.
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"Purifying" photons: Scientists found a way to clean light itself | ScienceDaily
Researchers at the University of Iowa have identified a new way to "purify" photons, a development that could improve both the performance and security of light based quantum technologies. By refining how single particles of light are produced, the approach aims to overcome long standing limitations in optical quantum systems.


						
The team focused on two major obstacles that make it difficult to generate a reliable stream of single photons, which are essential for photonic quantum computers and secure communication networks.

One challenge is known as laser scatter. When a laser shines on an atom to trigger the release of a photon, the process can also produce extra, unwanted photons. These additional particles act like interference in an optical circuit, reducing efficiency in much the same way stray electrical current disrupts a conventional circuit.

A second issue arises from the way atoms sometimes respond to laser light. In rare cases, an atom emits more than one photon at a time. When that happens, the precise order needed for quantum operations breaks down, since the extra photons interfere with the intended one by one flow.

Using Laser Noise to Cancel Unwanted Light

In the new study, Matthew Nelson, a graduate student in the Department of Physics and Astronomy, found an unexpected connection between these two problems. He discovered that when an atom releases multiple photons, the resulting wavelength spectrum and wave form closely match those of the laser light itself.

According to the researchers, this similarity means the two signals can be carefully adjusted to cancel each other out. In effect, the laser scatter that usually causes trouble can be used to suppress the unwanted photon emissions.




"We have shown that stray laser scatter, typically considered a nuisance, can be harnessed to cancel out unwanted, multi-photon emission," says Ravitej Uppu, assistant professor in the Department of Physics and Astronomy and the study's corresponding author. "This theoretical breakthrough could turn a long-standing problem into a powerful new tool for advancing quantum technologies."

Why Single Photons Matter for Quantum Computing

Photonic computing relies on light rather than electricity to perform calculations, offering the potential for faster and more efficient systems. Conventional computers operate using bits -- streams of electrical or optical pulses that represent ones or zeroes. Quantum computers instead use qubits, which are often subatomic particles such as photons.

Many emerging technology companies believe photonic platforms will play a key role in the future of quantum computing. A stable, well controlled stream of single photons is central to making that vision practical.

An orderly photon stream is easier to manage and scale, and it also improves security. The researchers compare it to guiding students through a cafeteria line one at a time rather than letting them move as a crowd. In the same way, a neat single photon line reduces the risk of data being intercepted or overheard.

Precision Control for Cleaner Photon Streams

Uppu explains that careful control of the laser beam is the key to the new method. "If we can control exactly how the laser beam shines on an atom -- the angle at which it's coming, the shape of the beam, and so on -- you can actually make it cancel out all the additional photons that the atom likes to emit," he says. "We would be left with a stream that is actually very pure."




The work shows, in theory, that two major barriers to faster photonic circuitry can be addressed at the same time. If confirmed experimentally, the technique could help accelerate the development of advanced quantum computers and more secure communication systems. The researchers plan to test the idea in future experiments.

Study Details and Funding

The study, "Noise-assisted purification of a single-photon source," was published in the journal Optica Quantum.

Funding for the research came from the Office of the Under Secretary of Defense for Research and Engineering within the U.S. Department of Defense. Additional support was provided through a seed grant from the University of Iowa Office of the Vice President for Research via the P3 program, which helped launch the project.
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These nanoparticles kill cancer cells while sparing healthy ones | ScienceDaily
Researchers led by RMIT University have developed extremely small particles called nanodots that can destroy cancer cells while largely leaving healthy cells unharmed. The particles are made from a metal-based compound and represent a possible new direction for cancer treatment research.


						
The work is still in its early stages and has only been tested in laboratory-grown cells. It has not yet been studied in animals or humans. Even so, the findings suggest a promising strategy that takes advantage of vulnerabilities already present in cancer cells.

A Metal Compound With Unusual Properties

The nanodots are created from molybdenum oxide, a compound derived from molybdenum. This rare metal is commonly used in electronics and industrial alloys.

According to the study's lead researcher Professor Jian Zhen Ou and Dr. Baoyue Zhang from RMIT's School of Engineering, small changes to the chemical structure of the particles caused them to release reactive oxygen molecules. These unstable oxygen forms can damage vital cell components and ultimately trigger cell death.

Lab Tests Show Strong Cancer Selectivity

In laboratory experiments, the nanodots killed cervical cancer cells at three times the rate seen in healthy cells over a 24-hour period. Notably, the particles worked without requiring light activation, which is uncommon for similar technologies.




"Cancer cells already live under higher stress than healthy ones," Zhang said.

"Our particles push that stress a little further -- enough to trigger self-destruction in cancer cells, while healthy cells cope just fine."

International Collaboration Behind the Research

The research involved scientists from multiple institutions. Contributors included Dr. Shwathy Ramesan from The Florey Institute of Neuroscience and Mental Health in Melbourne, as well as researchers from Southeast University, Hong Kong Baptist University, and Xidian University in China. The work was supported by the ARC Centre of Excellence in Optical Microcombs (COMBS).

"The result was particles that generate oxidative stress selectively in cancer cells under lab conditions," she said.

How the Nanodots Trigger Cell Death

To create the effect, the team carefully adjusted the composition of the metal oxide by adding very small amounts of hydrogen and ammonium.




This precise tuning altered how the particles managed electrons, allowing them to produce higher levels of reactive oxygen molecules. These molecules push cancer cells into apoptosis -- the body's natural process for safely removing damaged or malfunctioning cells.

In a separate experiment, the same nanodots broke down a blue dye by 90 percent in just 20 minutes, demonstrating how powerful their chemical reactions can be even in complete darkness.

A Path Toward Gentler Cancer Treatments

Many existing cancer therapies damage healthy tissue along with tumors. Technologies that can selectively increase stress inside cancer cells may lead to treatments that are more targeted and less harmful.

Because the nanodots are made from a widely used metal oxide rather than costly or toxic noble metals such as gold or silver, they may also be more affordable and safer to manufacture.

Next Steps Toward Real-World Use

The COMBS research team at RMIT is continuing to advance the technology. Planned next steps include:
    	Targeting delivery systems so the particles activate only inside tumors.
    	Controlling release of reactive oxygen species to avoid damage to healthy tissue.
    	Seeking partnerships with biotech or pharmaceutical companies to test the particles in animal models and develop scalable manufacturing methods.

Organizations interested in collaborating with RMIT researchers can contact: [email protected]
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This ultra-sensitive imaging system can spot cancer earlier | ScienceDaily
Scientists have developed a compact Raman imaging system that can reliably tell cancerous tissue apart from normal tissue. The approach could support earlier cancer detection and help move advanced molecular imaging tools beyond research laboratories and into more practical clinical settings.


						
The imaging system is designed to detect extremely weak signals from surface-enhanced Raman scattering (SERS) nanoparticles that are engineered to attach to tumor markers. Once these nanoparticles are applied to a sample or to the area being examined, the system reads their Raman signal and automatically highlights regions that are more likely to contain tumor tissue.

"Traditional methods for cancer-related diagnosis are time-consuming and labor-intensive because they require staining tissue samples and having a pathologist look for any abnormalities," said research team leader Zhen Qiu from the Institute for Quantitative Health Science and Engineering (IQ), Michigan State University. "While our system would not immediately replace pathology, it could serve as a rapid screening tool to accelerate diagnosis."

Published results show major gains in sensitivity

In Optica, Optica Publishing Group's journal for high-impact research, Qiu and colleagues report that their system can distinguish cancerous cells from healthy ones while detecting Raman signals that are about four times weaker than those measured by a comparable commercial system. This improved sensitivity comes from combining a swept-source laser -- which changes wavelength during analysis -- with an ultra-sensitive detector called a superconducting nanowire single-photon detector (SNSPD).

"This technology could eventually enable portable or intraoperative devices that enable clinicians to detect cancers at earlier stages, improve the accuracy of biopsy sampling and monitor disease progression through less invasive testing," said Qiu. "Ultimately, such advances could enhance patient outcomes and reduce diagnostic delays, accelerating the path from detection to treatment."

Pushing detection limits with superconducting detectors

Qiu's lab studies how SNSPDs can be used to enhance a range of imaging technologies. SNSPDs rely on a superconducting wire that can detect individual particles of light, allowing the system to capture extremely weak optical signals at high speed while keeping background noise very low.




For this project, the researchers aimed to build a platform that could measure Raman signals far fainter than those detected by existing Raman systems. Raman imaging works by mapping a sample's chemical composition through the unique light-scattering fingerprints of its molecules. These signals can be strengthened by using SERS nanoparticles.

"Combining this advanced detector with a swept-source Raman architecture that replaces a bulky camera and collects light more efficiently resulted in a system with a detection limit well beyond that of comparable commercial systems," said Qiu. "Also, the fiber coupling configuration and compact design facilitate system miniaturization and future clinical translation."

Strong tumor contrast across multiple sample types

To test the system, the team used SERS nanoparticles coated with hyaluronan acid, which enables the particles to bind to CD44, a surface protein found on many tumor cells. Initial experiments with simple nanoparticle solutions showed that the system could reach femtomolar sensitivity. The researchers then applied the imaging platform to cultured breast cancer cells, mouse tumors, and healthy tissue samples.

"The SERS signals were strongly concentrated in tumor samples, with only minimal background detected in healthy tissue," said Qiu. "This demonstrates both the system's exceptional sensitivity and its ability to provide reliable tumor-versus-healthy contrast. Moreover, by adjusting or substituting the targeting molecule, this method could be adapted for other cancer types."

Next steps toward clinical use

According to the researchers, additional work is needed before the system can be used in clinical settings. Future improvements will focus on increasing readout speed and expanding validation studies. The team is exploring faster laser sources, including VCSELs, and testing whether narrowing the sweep range can further improve performance. They also plan multiplexing experiments that use different nanoparticles to target multiple biomarkers at the same time.

The researchers acknowledge industry collaborator Quantum Opus, which provided the SNSPD devices used in this work.
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Your roommate's genes may be shaping your gut bacteria | ScienceDaily
The genes of your roommate may be shaping the bacteria in your gut, and your genes may be influencing theirs, according to a rat study published on December 18 in Nature Communications.


						
By examining more than four thousand rats, researchers found that the makeup of the gut microbiome is affected not only by an individual's own genetic makeup but also by the genes of the animals they share their living space with.

The findings point to a new way genetics and social interactions are connected. Certain commensal gut microbes can move between individuals through close contact. While genes themselves stay put, microbes do not. The study showed that some genes promote the growth of specific gut bacteria, and those bacteria can spread socially.

"This is not magic, but rather the result of genetic influences spilling over to others through social contact. Genes shape the gut microbiome and we found that it is not just our own genes that matter," says Dr. Amelie Baud, a researcher at the Centre for Genomic Regulation in Barcelona and senior author of the study.

Three new gene microbe links identified in rats

The gut microbiome consists of trillions of microorganisms living in the digestive tract, where they play important roles in digestion and overall health. Diet and medications are known to strongly influence these microbial communities, but understanding how genetics contributes has been far more challenging.

In humans, researchers have reliably linked only two genes to gut bacteria. The lactase gene determines whether adults can digest milk and affects milk digesting microbes. The ABO blood group gene also influences gut bacteria, though the exact mechanisms remain unclear.




Scientists believe additional gene microbe links likely exist, but proving them is difficult because genetic and environmental factors overlap in everyday life. Genes can shape diet and lifestyle choices, which then influence the gut microbiome. At the same time, families and friends often share food, living spaces, and microbes, making it hard to separate nature from nurture.

To overcome these challenges, researchers at the Centre for Genomic Regulation and the University of California San Diego turned to rats. Rats share many key aspects of mammalian biology and can be raised under tightly controlled conditions, including identical diets.

Each rat in the study was genetically unique and belonged to one of four separate cohorts. These cohorts were housed at different facilities across the United States and followed different care routines, allowing researchers to test whether genetic effects remained consistent across environments.

By combining genetic data with microbiome profiles from all 4,000 rats, the team identified three genetic regions that consistently influenced gut bacteria across all four cohorts.

The strongest association involved the gene St6galnac1, which adds sugar molecules to the mucus lining of the gut. This gene was linked to higher levels of Paraprevotella, a bacterium believed to feed on these sugars. This connection appeared in every cohort.

A second genetic region included several mucin genes that help form the gut's protective mucus layer and was associated with bacteria from the Firmicutes group. A third region contained the Pip gene, which produces an antibacterial molecule, and was linked to bacteria from the Muribaculaceae family. These bacteria are common in rodents and are also found in humans.




Genes can have social effects

The large size of the study allowed researchers, for the first time, to estimate how much of a rat's microbiome was shaped by its own genes versus the genes of the rats it lived with.

A familiar example of this concept, known as indirect genetic effects, occurs when a mother's genes influence her offspring's growth or immune system through the environment she provides.

In this study, controlled living conditions made it possible to examine indirect genetic effects in a new context. The researchers developed a computational model to separate the influence of a rat's own genes on its gut microbes from the influence of its social partners.

They found that the abundance of some Muribaculaceae bacteria was shaped by both direct and indirect genetic influences. This indicates that certain genetic effects can spread socially through the exchange of microbes.

When these social effects were added to a statistical model, the overall genetic influence on the three newly identified gene microbe links increased by four to eight times. The researchers caution that this may still underestimate the true extent of genetic influence.

"We've probably only uncovered the tip of the iceberg," says Dr. Baud. "These are the bacteria where the signal is strongest, but many more microbes could be affected once we have better microbiome profiling methods."

The findings describe a mechanism in which genetic effects from one individual can spread through social groups by way of gut microbes, changing the biology of others without altering their DNA.

If similar processes occur in humans, and given growing evidence that the gut microbiome plays an important role in health, genetic influences on human health may be underestimated in large population studies. Genes may shape not only an individual's disease risk, but also the disease risk of people around them.

What the findings could mean for human health

According to Dr. Baud, the microbiome has been linked to immune function, metabolism, and behavior. However, many reported associations do not necessarily reflect cause and effect, and the biological mechanisms are often unclear. Genetic studies using animal models in controlled environments can help move beyond correlations to testable explanations of how genes and gut microbes interact in health.

The researchers note that the rat gene St6galnac1 is functionally related to the human gene ST6GAL1, which has also been linked to Paraprevotella in previous studies. This suggests that the way animals coat their gut mucus with sugars may help determine which microbes thrive in the digestive system, potentially representing a shared mechanism across species.

The team also explored how this mechanism might influence infectious diseases such as COVID-19.

Other studies have linked ST6GAL1 to breakthrough SARS-CoV-2 infections, in which vaccinated individuals still become infected. Paraprevotella has also been shown to trigger the breakdown of digestive enzymes that the virus uses to enter host cells. Based on this, the researchers hypothesize that genetic variation in ST6GAL1 could affect Paraprevotella levels and, in turn, susceptibility to viral infection.

They also suggest a possible link to IgA nephropathy, an autoimmune kidney disease. Paraprevotella may alter IgA, an antibody that normally protects the gut. When altered, IgA can leak into the bloodstream and form clumps that damage the kidneys, which is a defining feature of IgA nephropathy.

Next, the researchers plan to closely examine how St6galnac1 affects Paraprevotella in rats and what chain reactions this relationship triggers in the gut and throughout the body.

"I am obsessed with this bacterium now. Our results are supported by data from four independent facilities, which means we can do follow up studies in any new setting. They're also remarkably strong compared with most host-microbiome links. It's a unique opportunity," Dr. Baud concludes.
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Scientists find a weak spot in deadly fungus that shut down hospital intensive care units | ScienceDaily
Scientists have identified a genetic mechanism that could point to new ways of treating a rare but deadly fungal infection that has forced multiple hospital intensive care units to shut down. The finding offers early hope against a pathogen that has been difficult to control and nearly impossible to treat once it spreads.


						
Candida auris is especially dangerous for people who are already critically ill, leaving hospitals highly exposed to outbreaks. Although the fungus can exist on the skin without causing symptoms, patients who depend on ventilators face a much greater risk. Once infection occurs, about 45 percent of patients die, and the fungus is resistant to all major types of antifungal drugs. This resistance makes treatment extremely challenging and allows the pathogen to persist in hospital wards.

A global health threat with mysterious origins

The infection was first detected in 2008, and its origin is still unknown. Since then, outbreaks have been reported in more than 40 countries, including the UK. Candida auris, also called Candidozyma auris, is now recognized as a serious global health threat and appears on the World Health Organization's critical priority fungal pathogens list. In the UK, reported cases have continued to rise steadily.

Studying infection in a living model

Researchers at the University of Exeter have now taken a major step forward by examining how genes are activated during Candida auris infection. This marks the first time such genetic activity has been studied in a living host using an approach based on fish larvae. The study was published in the Nature portfolio journal Communications Biology and was supported by Wellcome, the Medical Research Council (MRC), and the National Center for Replacement, Reduction and Refinement (NC3Rs).

The researchers say the results could help identify a biological target for new antifungal treatments or even allow existing drugs to be reused, if the same genetic behavior is confirmed during infection in humans.




The project was co-led by NIHR Clinical Lecturer Hugh Gifford of the University of Exeter's MRC Center for Medical Mycology (CMM). He said: "Since it emerged, Candida auris has wreaked havoc where it takes hold in hospital intensive care units. It can be deadly for vulnerable patients, and health trusts have spent millions on the difficult job of eradication. We think our research may have revealed an Achilles heel in this lethal pathogen during active infection, and we urgently need more research to explore whether we can find drugs that target and exploit this weakness."

Why traditional research models fell short

One of the biggest obstacles in studying Candida auris has been its ability to survive high temperatures. When combined with its unusually strong tolerance for salt, this has led some researchers to suggest it may have originated in tropical oceans or marine animals. These traits also made it difficult to study using conventional laboratory models.

To overcome this, the Exeter team developed a new infection model using Arabian killifish. The eggs of this species can survive at temperatures similar to the human body, making them suitable for observing infection in conditions that closely resemble real illness.

Genetic activity reveals possible vulnerabilities

During the experiments, researchers observed that Candida auris can change its shape by forming elongated fungal structures known as filaments. These structures may help the fungus search for nutrients while infecting a host.




The team also analyzed which genes were activated or switched off during infection to identify possible weak points. Several of the genes that became active are responsible for producing nutrient pumps that capture iron-scavenging molecules and transport iron into fungal cells. Because iron is essential for survival, this process may represent a critical vulnerability.

Co-senior author Dr. Rhys Farrer of the University of Exeter's MRC Centre for Medical Mycology said: "Until now, we've had no idea what genes are active during infection of a living host. We now need to find out if this also occurs during human infection. The fact that we found genes are activated to scavenge iron gives clues to where Candida auris may originate, such as an iron-poor environment in the sea. It also gives us a potential target for new and already existing drugs."

Hope for future treatments

Dr. Gifford, who also works as a resident physician in intensive care and respiratory medicine at the Royal Devon & Exeter Hospital, emphasized the clinical importance of the findings. He said: "While there are a number of research steps to go through yet, our finding could be an exciting prospect for future treatment. We have drugs that target iron scavenging activities. We now need to explore whether they could be repurposed to stop Candida auris from killing humans and closing down hospital intensive care units."

The Arabian killifish larvae model was developed with support from an NC3Rs project grant as an alternative to using mouse and zebrafish models, which are commonly used to study interactions between pathogens and their hosts. Dr. Katie Bates, NC3Rs Head of Research Funding, said: "This new publication demonstrates the utility of the replacement model to study Candida auris infection and enable unprecedented insights into cellular and molecular events in live infected hosts. This is a brilliant example of how innovative alternative approaches can overcome key limitations of traditional animal studies."

The paper is titled 'Xenosiderophore transporter gene expression and clade-specific filamentation in Candida auris killifish (Aphanius dispar) infection' and is published in the Nature portfolio journal Communications Biology.
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Why evolution rewarded ants that sacrificed protection | ScienceDaily

The question is playful and unrealistic, but it points to a serious idea: the tension between quantity and quality. New research suggests this same tradeoff has shaped evolution, especially in the rise of complex animal societies.

How ants choose numbers over toughness

A study published on December 19, 2025, in the journal Science Advances reports that some ant species organize their colonies by prioritizing numbers rather than individual strength. These ants invest less in each worker's cuticle -- the hard outer layer of the exoskeleton -- which frees up valuable nutrients. Those resources can then be used to produce more workers. According to the researchers, this approach of creating many less-protected ants instead of fewer heavily armored ones proved to be evolutionarily successful. The findings help explain how individuals can change as large, complex societies develop, including those seen in humans.

"There's this question in biology of what happens to individuals as societies they are in get more complex. For example, the individuals may themselves become simpler because tasks that a solitary organism would need to complete can be handled by a collective," said senior author Evan Economo, chair of the Department of Entomology at the University of Maryland.

In this context, individuals can become what scientists describe as "cheaper." That means they require fewer resources to build and can be produced in larger numbers, even if each one is less physically robust.

"That idea hasn't been explicitly tested with large-scale analyses of social insects until now," said Economo, who also holds the James B. Gahan and Margaret H. Gahan Professorship at UMD.




Why ants are ideal for studying social evolution

Ants offer an unusually good system for exploring how complex societies evolve. Depending on the species, ant colonies can range from just a few dozen members to many millions.

"Ants are everywhere," said lead author Arthur Matte, a Ph.D. student in zoology at the University of Cambridge. "Yet the fundamental biological strategies which enabled their massive colonies and extraordinary diversification remain unclear."

The research team proposed that colony size might be linked to how much ants invest in their cuticle.

The cost of building body armor

The cuticle plays several important roles. It helps protect ants from predators, drying out, and disease, and it provides structural support for their muscles. At the same time, it is expensive to produce because it requires limited nutrients such as nitrogen and various minerals. Making a thicker cuticle uses more of these resources, which could restrict how many individuals a colony can support.




To investigate this idea, the researchers analyzed a large dataset of 3D X-ray scans from more than 500 ant species. They measured both total body volume and cuticle volume, finding that investment in the cuticle varied widely, from 6% to 35% of an ant's body. When these measurements were fed into evolutionary models, a clear trend emerged: species that devoted less of their body to cuticle tended to form larger colonies.

Bigger colonies through collective strength

While thinner cuticles leave individual ants more vulnerable, the authors suggest this tradeoff may actually encourage the growth of large societies. Reduced armor may go hand in hand with other helpful social traits, including cooperative foraging, shared nest defense, and division of labor, all of which tend to become more pronounced as colonies grow.

"Ants reduce per-worker investment in one of the most nutritionally expensive tissues for the good of the collective," Matte explained. "They're shifting from self-investment toward a distributed workforce, resulting in more complex societies. It's a pattern that echoes the evolution of multicellularity, where cooperative units can be individually simpler than a solitary cell, yet collectively capable of far greater complexity."

The researchers also found that lower investment in the cuticle was linked to higher diversification rates. Biologists often use diversification, which reflects how frequently new species form, as a marker of evolutionary success. Economo noted that very few traits have been connected to diversification in ants, making this result especially striking.

Why less armor may lead to more species

Exactly why reduced cuticle investment promotes speciation is still unclear. One leading idea is that ants with lower nutritional demands can expand into environments where resources are limited.

"Requiring less nitrogen could make them more versatile and able to conquer new environments," said Matte, who began the work during his master's program while interning in Economo's lab at the Okinawa Institute of Science and Technology in Japan.

The authors also suggest that as ant societies became more complex, group-level defenses such as collective nest protection and disease control reduced the need for heavy individual armor. This may have created a reinforcing cycle. Lower cuticle investment allows colonies to grow larger, and larger colonies further reduce the pressure for each ant to be strongly protected.

"I think of this as the evolution of squishability," laughed Economo. "Many kids have discovered that insects aren't all equally robust."

Other social organisms, including termites, may have followed similar evolutionary paths, although that possibility still needs further testing.

What ant societies can teach us about humans

The findings also have implications beyond insects. The researchers draw parallels to human military history, where heavily armored knights were eventually replaced by specialized soldiers such as archers and crossbowmen. Economo also pointed to Lanchester's Laws -- mathematical equations developed during World War I that examine when large numbers of weaker fighters can overpower a smaller force of stronger ones.

"The tradeoff between quantity and quality is all around. It's in the food you eat, the books you read, the offspring you want to raise," Matte said. "It was fascinating to retrace how ants handled it through their long evolution. We could see lineages taking different directions, being shaped by different constraints and environments, and ultimately giving rise to the extraordinary diversity we observe today."

The paper, "The evolution of cheaper workers facilitated larger societies and accelerated diversification in ants," was published in the journal Science Advances on December 19, 2025.

This research was supported by the Okinawa Institute of Science and Technology, the Japan Society for the Promotion of Science KAKENHI (24K01785), the University of Cambridge and the General Research Fund 2022/2023 (17121922) from the Research Grant Council of Hong Kong. This article does not necessarily reflect the views of these organizations.
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A new drug could stop Alzheimer's before memory loss begins | ScienceDaily
An experimental drug developed at Northwestern University has demonstrated further promise as an early intervention for Alzheimer's disease.


						
In a new study, Northwestern scientists identified a previously unknown highly toxic sub-species of amyloid beta oligomers -- toxic clusters of peptides -- that appear to drive several of the brain's earliest changes, including neuronal dysfunction, inflammation and activation of immune cells.

The experimental drug, a small-molecule compound called NU-9, decreased this toxic amyloid beta oligomersubtype and dramatically reduced the damage it causes in a mouse model of Alzheimer's disease. By addressing these changes at the onset of Alzheimer's disease, the researchers are hopeful NU-9 potentially could prevent, or significantly delay, the cascade of toxic events that ultimately destroy neurons.

The findings point to a potential new strategy for targeting the disease in its earliest stages -- before cognitive decline and other debilitating symptoms take hold.

The study will be published on Dec. 18 in Alzheimer's and Dementia: The Journal of the Alzheimer's Association.

"Alzheimer's disease begins decades before its symptoms appear, with early events like toxic amyloid beta oligomers accumulating inside neurons and glial cells becoming reactive long before memory loss is apparent," said Northwestern's Daniel Kranz, the study's first author. "By the time symptoms emerge, the underlying pathology is already advanced. This is likely a major reason many clinical trials have failed. They start far too late. In our study, we administered NU-9 before symptom onset, modeling this early, pre-symptomatic window."

Kranz is a recent Ph.D. graduate from the Interdisciplinary Biological Sciences (IBiS) program at Northwestern's Weinberg College of Arts and Sciences, where he is advised by corresponding author William Klein. An expert on Alzheimer's disease, Klein is a professor of neurobiology at Weinberg and a cofounder of Acumen Pharmaceuticals, which has developed a therapeutic monoclonal antibody currently in clinical trials that targets the subtype of amyloid beta oligomers identified in the study. Richard Silverman, a key co-author of the study, invented NU-9. Silverman, who previously invented pregabalin (Lyrica) to treat fibromyalgia, nerve pain and epilepsy, is the Patrick G. Ryan/Aon Professor in Weinberg's Department of Chemistry and founder of Akava Therapeutics, a startup company commercializing NU-9 (now called AKV9).




The promise of NU-9

Conceived about 15 years ago, NU-9 emerged as part of Silverman's multi-year effort to discover a small molecule compound that could prevent toxic protein aggregate buildup in neurodegenerative diseases. By 2021, NU-9 demonstrated efficacy in animal models of amyotrophic lateral sclerosis (ALS), clearing toxic SOD1 and TDP-43 proteins and restoring health to upper motor neurons. In 2024, it received clearance from the U.S. Food and Drug Administration to begin human clinical trials for ALS.

Earlier this year, Silverman, Klein and Kranz demonstrated that NU-9 also could effectively treat Alzheimer's disease. In the previous study, NU-9 showed it could clear toxic amyloid beta oligomers in lab-grown brain cells from the hippocampus, a region critical for learning and memory.

"In both ALS and Alzheimer's disease, cells suffer from toxic protein buildup," Klein said. "Cells have a mechanism to get rid of these proteins, but it gets damaged in degenerative diseases like ALS and Alzheimer's. NU-9 is rescuing the pathway that saves the cell."

Early intervention

To further investigate the drug's potential in treating Alzheimer's disease, the team wanted to evaluate its effectiveness at halting the earliest damage. In the new study, the researchers administered NU-9 to a pre-symptomatic mouse model of Alzheimer's disease. The mice received a daily oral dose for 60 days.




The results were striking. NU-9 significantly reduced early reactive astrogliosis, an inflammatory reaction that typically begins long before symptoms appear. The number of toxic amyloid beta oligomers bound to astrocytes (star-shaped brain cells that protect neurons and control inflammation) also plummeted. And an abnormal form of the protein TDP-43 -- a hallmark of neurodegenerative diseases that is linked to cognitive impairments -- sharply decreased.

"These results are stunning," Klein said. "NU-9 had an outstanding effect on reactive astrogliosis, which is the essence of neuroinflammation and linked to the early stage of the disease."

The improvements spanned multiple regions of the brain, indicating that NU-9 has a brain-wide anti-inflammatory effect.

A hidden culprit

While investigating the effects of NU-9 on the pre-symptomatic mouse model, the research team found an unexpected culprit. For decades, scientists have considered amyloid beta oligomers as more toxic than the larger amyloid beta fibrils that form plaques, which appear later in Alzheimer's disease. But not all amyloid beta oligomers are the same. The Northwestern scientists discovered one uniquely problematic subtype.

"We identified a distinct amyloid beta oligomer subtype that appears inside neurons and on nearby reactive astrocytes very early in the disease," Kranz said. "It potentially acts as an instigator of early Alzheimer's pathology."

Called ACU193+ because it is detected by the antibody ACU193, the subtype shows up early inside of stressed neurons, the scientists found. Then, these oligomers appear to migrate to the surfaces of nearby astrocytes. When ACU193+ oligomers latch onto astrocytes, they may spark a cascade of inflammation that spreads throughout the brain, long before memory loss begins.

A potential prophylaxis

NU-9 targeted and dramatically reduced this subtype, suggesting the drug may be especially valuable at Alzheimer's earliest stages, when intervention is most effective. By reducing this subtype, NU-9 potentially could prevent the activation of astrocytes.

Although they serve as the brain's frontline responders, astrocytes become destructive when pushed into a reactive state. This destructive behavior damages synapses, releases inflammatory molecules and accelerates neurodegeneration. Stopping this process might be one of the most powerful ways to slow the progression of Alzheimer's disease.

Kranz and Silverman likened the strategy to early intervention approaches for preventing cancer and heart disease.

"Most people are used to monitoring their cholesterol levels," Silverman said. "If you have high cholesterol, it doesn't mean that you will have a heart attack soon. But it's time to take drugs to lower your cholesterol levels to prevent that heart attack from happening down the road. NU-9 could play a similar role. If someone has a biomarker signaling Alzheimer's disease, then they could start taking NU-9 before symptoms appear."

"There are a couple early diagnostic blood tests for Alzheimer's disease in development," Klein added. "The promise of better early diagnostics -- combined with a drug that could stop the disease in its tracks -- is the goal."

Currently, the team is testing NU-9 in additional models of Alzheimer's disease, including an animal model of late-onset disease that better reflects typical human aging. The researchers also plan to follow animals for a longer period of time to determine whether symptoms develop in treated animals and plan to examine how early intervention with NU-9 affects memory and neuron health over time.

The study, "Identification of a glia-associated amyloid beta oligomer subtype and the rescue from reactive astrogliosis by inhibitor NU-9," was supported by the National Institute of Health (grant AG061708).
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This simulation reveals what really happens near black holes | ScienceDaily
After decades of steady progress, computational astrophysicists have reached a major turning point in black hole research. A new study presents the most detailed and complete model yet of luminous black hole accretion, the process by which black holes pull in surrounding matter and emit intense radiation. Using some of the most powerful supercomputers on Earth, the researchers successfully calculated how matter flows into black holes while fully accounting for both Einstein's theory of gravity and the dominant role of radiation, without relying on simplifying shortcuts.


						
This achievement marks the first time such calculations have been carried out in full general relativity under radiation-dominated conditions. The results open a new window into how black holes behave in extreme environments that were previously out of reach for simulations.

Who Led the Research and Where It Was Published

The study was published in The Astrophysical Journal and led by scientists from the Institute for Advanced Study and the Flatiron Institute's Center for Computational Astrophysics. It represents the first paper in a planned series that will introduce the team's new computational framework and apply it to different types of black hole systems.

"This is the first time we've been able to see what happens when the most important physical processes in black hole accretion are included accurately. These systems are extremely nonlinear -- any over-simplifying assumption can completely change the outcome. What's most exciting is that our simulations now reproduce remarkably consistent behaviors across black hole systems seen in the sky, from ultraluminous X-ray sources to X-ray binaries. In a sense, we've managed to 'observe' these systems not through a telescope, but through a computer," said lead author Lizhong Zhang.

Zhang is a joint postdoctoral research fellow at the Institute for Advanced Study's School of Natural Sciences and the Flatiron Institute's Center for Computational Astrophysics. He began the project during his first year at IAS (2023-24) and continued the work at Flatiron.

Why Black Hole Models Need Relativity and Radiation

Any realistic model of a black hole must include general relativity, since the intense gravity of these objects bends space and time in extreme ways. But gravity alone is not enough. When large amounts of matter fall toward a black hole, enormous energy is released in the form of radiation. Accurately tracking how that radiation moves through curved spacetime and interacts with nearby gas is essential for understanding what astronomers actually observe.




Until now, simulations could not fully handle this combination of effects. Like simplified classroom models that capture only part of a real system, earlier approaches relied on assumptions that made the calculations manageable but incomplete.

"Previous methods used approximations that treat radiation as a sort of fluid, which does not reflect its actual behavior," Zhang explained.

Solving the Full Equations Without Shortcuts

Those approximations were once unavoidable because the underlying equations are extraordinarily complex and demand massive computational resources. By combining insights developed over many years, the team created new algorithms capable of solving these equations directly, without approximations.

"Ours is the only algorithm that exists at the moment that provides a solution by treating radiation as it really is in general relativity," Zhang said.

This breakthrough allows researchers to simulate black hole environments with a level of realism that was previously impossible.




Focusing on Stellar Mass Black Holes

The study focuses on stellar mass black holes, which typically have about 10 times the mass of the Sun. These objects are much smaller than Sgr A*, the supermassive black hole at the center of the Milky Way, but they offer unique advantages for study.

While astronomers have produced detailed images of supermassive black holes, stellar mass black holes appear only as tiny points of light. Scientists must analyze their emitted light by breaking it into a spectrum, which reveals how energy is distributed around the black hole. Because stellar mass black holes evolve over minutes to hours rather than years or centuries, they allow researchers to observe rapid changes in real time.

Simulations That Match Real Observations

Using their new model, the researchers followed how matter spirals inward, forming turbulent, radiation-dominated disks around stellar mass black holes. The simulations also showed strong winds flowing outward and, in some cases, the formation of powerful jets.

Crucially, the simulated light spectra closely matched what astronomers observe from real systems. This strong agreement makes it possible to draw more confident conclusions from limited observational data and deepens scientists' understanding of how these distant objects operate.

Supercomputers Powering the Breakthrough

The Institute for Advanced Study has a long history of advancing science through computational modeling. One early milestone was the Electronic Computer Project led by founding Professor (1933-55) John von Neumann, which influenced fields ranging from fluid dynamics to climate science and nuclear physics.

Continuing that tradition, Zhang and his colleagues were granted access to two of the world's most powerful supercomputers, Frontier at Oak Ridge National Laboratory and Aurora at Argonne National Laboratory. These exascale machines can perform a quintillion calculations per second and occupy thousands of square feet -- recalling the massive size of the earliest computers.

Harnessing this computing power required sophisticated mathematics and software designed specifically for the task. Christopher White of the Flatiron Institute and Princeton University led the development of the radiation transport algorithm. Patrick Mullen, Member (2021-22) in the School of Natural Sciences and now at Los Alamos National Laboratory, led the integration of this algorithm into the AthenaK code, which is optimized for exascale systems.

What Comes Next for Black Hole Research

The team plans to test whether their approach can be applied to all types of black holes. Beyond stellar mass systems, the simulations may also shed new light on supermassive black holes, which play a central role in shaping galaxies. Future work will further refine how radiation interacts with matter across a wide range of temperatures and densities.

"What makes this project unique is, on the one hand, the time and effort it has taken to develop the applied mathematics and software capable of modeling these complex systems, and, on the other hand, having a very large allocation on the world's largest supercomputers to perform these calculations," said co-author James Stone, Professor in the Institute for Advanced Study's School of Natural Sciences. "Now the task is to understand all the science that is coming out of it.
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This cancer-fighting molecule took 50 years to build | ScienceDaily
MIT chemists have produced verticillin A in the lab for the first time. This fungal molecule was identified more than 50 years ago and has drawn attention for its potential as an anticancer agent.


						
Verticillin A is notoriously hard to build because of its intricate chemical architecture. Even compared with closely related compounds, it proved far more challenging to synthesize, despite differing by only a couple of atoms.

"We have a much better appreciation for how those subtle structural changes can significantly increase the synthetic challenge," says Mohammad Movassaghi, an MIT professor of chemistry. "Now we have the technology where we can not only access them for the first time, more than 50 years after they were isolated, but also we can make many designed variants, which can enable further detailed studies."

In lab tests using human cancer cells, one verticillin A derivative stood out against a pediatric brain cancer known as diffuse midline glioma. The researchers emphasize that additional testing is needed to assess whether it could eventually be useful in the clinic.

Movassaghi and Jun Qi, an associate professor of medicine at Dana-Farber Cancer Institute/Boston Children's Cancer and Blood Disorders Center and Harvard Medical School, are the senior authors of the study, published in the Journal of the American Chemical Society. Walker Knauss PhD '24 is the paper's lead author. Xiuqi Wang, a medicinal chemist and chemical biologist at Dana-Farber, and Mariella Filbin, research director in the Pediatric Neurology-Oncology Program at Dana-Farber/Boston Children's Cancer and Blood Disorders Center, are also authors.

Why This Fungal Molecule Was So Hard to Make

Researchers first reported isolating verticillin A from fungi in 1970. Fungi use the compound to help defend themselves from pathogens. Verticillin A and similar fungal molecules have been explored for possible anticancer and antimicrobial activity, but their complexity has made them difficult to synthesize.




In 2009, Movassaghi's lab reported the synthesis of (+)-11,11'-dideoxyverticillin A, a compound closely related to verticillin A. That molecule contains 10 rings and eight stereogenic centers, meaning carbon atoms that each connect to four different chemical groups. Those groups must be positioned with the correct orientation, or stereochemistry, relative to the rest of the molecule.

Even after that earlier success, verticillin A itself remained out of reach. The key difference between verticillin A and (+)-11,11'-dideoxyverticillin A is two oxygen atoms, but those additions made a major difference in how the molecule behaves during synthesis.

"Those two oxygens greatly limit the window of opportunity that you have in terms of doing chemical transformations," Movassaghi says. "It makes the compound so much more fragile, so much more sensitive, so that even though we had had years of methodological advances, the compound continued to pose a challenge for us."

Rethinking the Chemistry Step by Step

Both versions of the verticillin molecule are built from two identical halves that must be connected into a structure called a dimer. In the earlier synthesis of (+)-11,11'-dideoxyverticillin A, the team carried out the dimerization near the end of the process and then formed four crucial carbon-sulfur bonds.

When they tried to apply that same sequencing to verticillin A, it did not work. Adding the carbon-sulfur bonds late in the process failed to deliver the correct stereochemistry, forcing the team to redesign the entire order of steps.




"What we learned was the timing of the events is absolutely critical. We had to significantly change the order of the bond-forming events," Movassaghi says.

The new synthesis starts from an amino acid derivative called beta-hydroxytryptophan. From there, the researchers build the structure in stages, adding chemical functional groups, including alcohols, ketones, and amides, while carefully controlling stereochemistry at each step.

To guide that control, the team introduced a group containing two carbon-sulfur bonds and a disulfide bond early in the process. Because disulfides are sensitive, they had to be "masked" by converting them into a protected pair of sulfides so the structure would not break down during later reactions. After dimerization, the disulfide-containing groups were restored.

"This particular dimerization really stands out in terms of the complexity of the substrates that we're bringing together, which have such a dense array of functional groups and stereochemistry," Movassaghi says.

In total, the route takes 16 steps from the beta-hydroxytryptophan starting material to reach verticillin A.

Early Tests Against Diffuse Midline Glioma

With verticillin A finally accessible, the researchers could also adjust the approach to create derivates. A Dana-Farber team tested these molecules against several types of diffuse midline glioma (DMG), a rare brain tumor with limited treatment options.

The strongest effects appeared in DMG cell lines that produce high levels of a protein called EZHIP. EZHIP influences DNA methylation and has previously been flagged as a potential drug target for DMG.

"Identifying the potential targets of these compounds will play a critical role in further understanding their mechanism of action, and more importantly, will help optimize the compounds from the Movassaghi lab to be more target specific for novel therapy development," Qi says.

The verticillin derivatives seem to affect EZHIP in a way that increases DNA methylation, which pushes the cancer cells into programmed cell death. The most effective molecules in these experiments were N-sulfonylated (+)-11,11'-dideoxyverticillin A and N-sulfonylated verticillin A. N-sulfonylation -- the addition of a functional group containing sulfur and oxygen -- improves molecular stability.

"The natural product itself is not the most potent, but it's the natural product synthesis that brought us to a point where we can make these derivatives and study them," Movassaghi says.

Next, the Dana-Farber researchers plan to further confirm how the verticillin derivatives work, and they hope to test the compounds in animal models of pediatric brain cancers.

"Natural compounds have been valuable resources for drug discovery, and we will fully evaluate the therapeutic potential of these molecules by integrating our expertise in chemistry, chemical biology, cancer biology, and patient care. We have also profiled our lead molecules in more than 800 cancer cell lines, and will be able to understand their functions more broadly in other cancers," Qi says.

The research was funded by the National Institute of General Medical Sciences, the Ependymoma Research Foundation, and the Curing Kids Cancer Foundation.
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This fish-inspired filter removes over 99% of microplastics | ScienceDaily
Wastewater from washing machines is widely seen as a major source of microplastics -- tiny plastic particles suspected of harming both people and animals. To help reduce that pollution, researchers at the University of Bonn have created a new filter based on a natural model: the gill arch system in fish. In early tests, the patent-pending device removed more than 99 percent of plastic fibers from washing machine wastewater. The findings were published in the journal npj Emerging Contaminants.


						
A washing machine used by a four-person household can generate up to 500 grams of microplastics each year, largely due to fibers wearing off textiles during washing. That makes everyday laundry one of the most important sources of these particles. Today, much of that material ends up in the sewage sludge produced at wastewater treatment plants. Because this sludge is often applied as fertilizer, the fibers can ultimately be spread onto fields.

Why existing washing machine filters fall short

Because of the scale of the problem, many manufacturers have been looking for ways to remove microplastics from wash water before it reaches the environment. "The filter systems available so far, however, have various disadvantages," explains Dr. Leandra Hamann from the Institute for Organismic Biology at the University of Bonn. "Some of them quickly become clogged, others do not offer adequate filtration."

Hamann, working with her doctoral supervisor Dr. Alexander Blanke and other colleagues, turned to biology for ideas. The team focused on fish that act as expert natural filters -- the result of hundreds of millions of years of evolution.

Some fish feed by filtering water, including mackerel, sardines, and anchovies. They swim with open mouths and capture plankton using their gill arch system. "We took a closer look at the construction of this system and used it as the model for developing a filter that can be used in washing machines," says Blanke, who is a member of the transdisciplinary research areas "Life & Health" and "Sustainable Futures" at the University of Bonn.

How fish gills inspired a self-cleaning filter design

Over time, these fish evolved a strategy similar to cross-flow filtration. Their gill arch system forms a funnel that is widest at the mouth and narrows toward the gullet. The funnel's walls are formed by branchial arches, which include comb-like structures. Those structures are covered in tiny teeth, creating a mesh stretched across the arches.




"During food intake, the water flows through the permeable funnel wall, is filtered, and the particle-free water is then released back into the environment via the gills," explains Blanke. "However, the plankton is too big for this; it is held back by the natural sieve structure. Thanks to the funnel shape, it then rolls towards the gullet, where it is collected until the fish swallows, which empties and cleans the system."

That same idea helps prevent clogs. Instead of slamming directly into a flat barrier, particles move along the surface and are guided onward toward the gullet. The approach is also highly efficient, since it removes almost all plankton from the water. A washing machine microplastic filter needs both strengths: strong capture and resistance to blockage. To build a version for laundry, the researchers recreated the gill arch system and tested different mesh sizes and funnel opening angles.

Test results, manufacturing costs, and microplastic removal

"We have thus found a combination of parameters that enable our filter to separate more than 99 percent of the microplastics out of the water but not become blocked," says Hamann. The team reached that result by combining lab experiments with computer simulations. Because the nature-based design avoids complicated moving parts, it should be inexpensive to produce.

Captured microplastics collect at the filter outlet and are suctioned away several times per minute. Hamann, who has since moved to the University of Alberta in Edmonton, Canada, says the collected material could be pressed inside the machine to squeeze out remaining water. The resulting plastic pellet could then be removed every few dozen washes and thrown away with general waste.

Patents, industry hopes, and health concerns

The University of Bonn team and the Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT have already applied for a patent in Germany, and EU-wide patenting is now in progress. The researchers hope manufacturers will refine the design and build it into future washing machines. That could reduce the spread of textile-based microplastics, at least to some extent. The need is pressing: analyses suggest these particles may cause serious health harm. They have already been detected in breast milk and in the placenta -- and even in the brain.




Participating institutions and funding

In addition to the University of Bonn, the Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT contributed to the study. Funding came from the Federal Ministry of Research, Technology and Space (BMFTR) and the European Research Council (ERC). Support for protecting and marketing the invention is being provided by the Transfer Center enaCom at the University of Bonn in close cooperation with PROvendis GmbH, a service provider for the NRW university network for knowledge and technology transfer "innovation2business.nrw."
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Dinosaur bones found almost on top of each other in Transylvania | ScienceDaily
The Hateg Basin in Transylvania has long been known around the world for its dinosaur fossils, uncovered at dozens of sites over the last hundred years. Even so, complete dinosaur discoveries are usually uncommon across the region. That pattern changed with the identification of a newly studied site where scientists documented more than 100 vertebrate fossils per square meter, including large dinosaur bones lying almost directly on top of one another.


						
Years of Fieldwork Lead to an Exceptional Fossil Find

For more than five years, the Valiora Dinosaur Research Group, made up of Hungarian and Romanian paleontologists, has been carrying out fieldwork in the western Hateg Basin. The rocks examined there date back to the Upper Cretaceous and capture the final few million years before dinosaurs disappeared. Excavations have revealed fossil-rich deposits containing thousands of remains from amphibians, turtles, crocodiles, dinosaurs, pterosaurs, and mammals.

Among all the sites explored, one location known as K2 stands out. From an area measuring less than five square meters, researchers recovered more than 800 vertebrate fossils, making it the richest site documented so far. The full scientific analysis of this discovery was recently published in the journal PLOS ONE.

A Defining Moment in the Field

"In 2019, during our first field survey in the Hateg Basin, we almost immediately came across the K2 site. It was a defining moment for us -- we instantly noticed dozens of large, exceptionally well-preserved black dinosaur bones gleaming in the grey clay layers exposed in the streambed. We immediately began our work, and through several years of excavation we collected an extraordinarily rich vertebrate assemblage from the site," explained Gabor Botfalvai, assistant professor at the Department of Paleontology, Eotvos Lorand University, and leader of the research group.

How Ancient Floods Created a Bone-Rich Landscape

About 72 million years ago, the region that is now the Hateg Basin experienced a warm, subtropical climate shaped by temporary river systems. These rivers flowed from higher terrain toward the basin and frequently spilled over their banks during heavy rainfall. As floodwaters surged downstream, they gathered animal carcasses from the surface, along with living creatures and skeletal remains caught in their path.




"Detailed study of the rocks at the K2 site indicates that a small lake once existed here, which was periodically fed by flash floods carrying animal carcasses. As the flow of the rivers slowed rapidly upon entering the lake, the transported bodies accumulated in the deltaic environment along the shore, producing this exceptionally high bone concentration," said Soma Budai, researcher at the University of Pavia and co-author of the publication.

Rare Dinosaur Skeletons Reveal New Scientific Insights

The K2 site produced far more than scattered bones. Researchers also identified several partial dinosaur skeletons that remained associated with one another. These fossils represent two separate plant-eating dinosaur species. One group belongs to a roughly two-meter-long dinosaur from the Rhabdodontidae family, a species commonly found in the Hateg Basin that likely moved mainly on two legs.

The second group of skeletons marks a major breakthrough. These remains belong to a titanosaurian sauropod, a long-necked dinosaur for which no comparably well-preserved skeletons had ever been discovered in Transylvania. Ongoing analysis of these fossils is expected to improve scientists' understanding of how this dinosaur fits into the broader evolutionary family tree.

The Oldest Known Vertebrate Accumulation in the Basin

"Besides the remarkably high bone concentration, another key significance of this newly described site is that it represents the oldest known vertebrate accumulation in the Hateg Basin. Studying this fossil assemblage allows us to look into the earliest composition of the Hateg dinosaur fauna and trace the evolutionary directions and processes leading toward the dinosaurs known from younger Transylvanian sites -- revealing how these Late Cretaceous ecosystems were similar or different from one another," added Zoltan Csiki-Sava, associate professor at the University of Bucharest and Romanian leader of the research team.




Reconstructing Dinosaur Life in Ancient Europe

The fossils described in this study, together with discoveries still emerging from ongoing excavations in the Hateg Basin, are helping scientists refine their understanding of how dinosaur communities evolved across (Eastern) Europe during the Late Cretaceous. These finds provide valuable clues about how ancient ecosystems formed, changed, and responded to environmental forces near the end of the age of dinosaurs.

The research was supported by the National Research, Development and Innovation Office of Hungary (NKFIH), the Supervisory Authority for Regulatory Affairs of Hungary, the Romanian Ministry of Research, Innovation and Digitalization, and the University of Bucharest.
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MIT scientists strip cancer of its sugar shield | ScienceDaily
A research team from MIT and Stanford University has developed a new technique designed to push the immune system to go after tumor cells. The strategy is aimed at helping cancer immunotherapy succeed in far more patients than it does today.


						
At the center of the work is a way to undo a built in "brake" that tumors can trigger to keep immune cells from attacking. That brake is tied to sugars called glycans, which sit on the surface of cancer cells.

The scientists found that blocking these glycans with proteins known as lectins can greatly strengthen immune activity against cancer cells. To do this in a targeted way, they built multifunctional molecules called AbLecs that pair a lectin with an antibody that homes in on tumors.

"We created a new kind of protein therapeutic that can block glycan-based immune checkpoints and boost anti-cancer immune responses," says Jessica Stark, the Underwood-Prescott Career Development Professor in the departments of Biological Engineering and Chemical Engineering. "Because glycans are known to restrain the immune response to cancer in multiple tumor types, we suspect our molecules could offer new and potentially more effective treatment options for many cancer patients."

Stark, who is also a member of MIT's Koch Institute for Integrative Cancer Research, led the study as the paper's lead author. Carolyn Bertozzi, a Stanford professor of chemistry and director of the Sarafan ChEM Institute, served as the senior author. The findings were published in Nature Biotechnology.

How Cancer Uses Immune Brakes

One of the biggest goals in cancer treatment is teaching the immune system to spot tumor cells and eliminate them. A major group of immunotherapy drugs called checkpoint inhibitors works by interrupting the interaction between two proteins, PD-1 and PD-L1. By blocking that connection, these medicines remove a brake that tumors use to keep immune cells such as T cells from killing cancer cells.




Checkpoint inhibitors that target the PD-1 PD-L1 pathway are already approved for several cancers. For some people, they can produce long lasting remission. For many others, however, they provide little benefit or none at all.

Because of that gap, researchers are searching for other ways tumors suppress the immune system. One promising target involves interactions between tumor glycans and receptors on immune cells.

Siglecs, Sialic Acid, and a Sugar Based Checkpoint

Glycans appear on nearly all living cells, but cancer cells often carry versions not found on healthy cells. Many of these tumor specific glycans include a sugar building block called sialic acid. When sialic acids attach to lectin receptors on immune cells, they can switch on an immune dampening pathway. The lectins that recognize sialic acid are called Siglecs.

"When Siglecs on immune cells bind to sialic acids on cancer cells, it puts the brakes on the immune response. It prevents that immune cell from becoming activated to attack and destroy the cancer cell, just like what happens when PD-1 binds to PD-L1," Stark says.

So far, no approved medicines directly target the Siglec sialic acid interaction, even though many approaches have been explored. One idea has been to create lectins that bind to sialic acids and block their contact with immune cells. But this has struggled because lectins typically do not bind strongly enough to build up in large numbers on the surface of cancer cells.




AbLecs Combine Antibodies and Lectins

To solve that problem, Stark and her team used antibodies as delivery vehicles to bring more lectins to tumors. The antibody portion targets cancer cells, and once it arrives, the attached lectin can bind sialic acid. That blocks sialic acid from engaging Siglec receptors on immune cells, which lifts the immune brake and lets immune cells including macrophages and natural killer (NK) cells attack the tumor.

"This lectin binding domain typically has relatively low affinity, so you can't use it by itself as a therapeutic. But, when the lectin domain is linked to a high-affinity antibody, you can get it to the cancer cell surface where it can bind and block sialic acids," Stark says.

A Plug and Play Design Tested in Cells and Mice

For this study, the researchers built an AbLec using trastuzumab, an antibody that binds to HER2 and is approved for treating breast, stomach, and colorectal cancers. To create the AbLec, they replaced one arm of the antibody with a lectin, choosing either Siglec-7 or Siglec-9.

In lab experiments with cultured cells, this AbLec changed how immune cells behaved, pushing them to attack and kill cancer cells.

The team also tested the AbLecs in mice engineered to express human Siglec receptors and human antibody receptors. After the mice were given cancer cells that formed lung metastases, treatment with the AbLec led to fewer lung metastases than treatment with trastuzumab alone.

The researchers also demonstrated that the approach is flexible. They could swap in different tumor targeting antibodies such as rituximab, which targets CD20, or cetuximab, which targets EGFR. They could also exchange the lectin portion to target other immunosuppressive glycans, or use antibodies that target checkpoint proteins such as PD-1.

"AbLecs are really plug-and-play. They're modular," Stark says. "You can imagine swapping out different decoy receptor domains to target different members of the lectin receptor family, and you can also swap out the antibody arm. This is important because different cancer types express different antigens, which you can address by changing the antibody target."

Next Steps and Funding

Stark, Bertozzi, and colleagues have launched a company called Valora Therapeutics to develop lead AbLec candidates. They aim to start clinical trials in the next two to three years.

Funding for the work came in part from a Burroughs Wellcome Fund Career Award at the Scientific Interface, a Society for Immunotherapy of Cancer Steven A. Rosenberg Scholar Award, a V Foundation V Scholar Grant, the National Cancer Institute, the National Institute of General Medical Sciences, a Merck Discovery Biologics SEEDS grant, an American Cancer Society Postdoctoral Fellowship, and a Sarafan ChEM-H Postdocs at the Interface seed grant.
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Hidden brain maps that make empathy feel physical | ScienceDaily
In a global research collaboration, neuroscientists Nicholas Hedger (University of Reading) and Tomas Knapen (Netherlands Institute for Neuroscience & Vrije Universiteit Amsterdam) set out to better understand how humans experience the world. Their work revealed how the brain converts visual information into sensations of touch, helping create a lived, physical sense of reality. As Knapen notes, "This aspect of human experience is a fantastic area for AI development."


						
Picture yourself cooking with a friend when they suddenly cut their finger. Almost instantly, you might wince, make a face, or even pull your own hand away. These reactions happen within milli-seconds and are not imagined. They reflect real activity in your brain's touch-processing region, known as the somatosensory cortex.

This raises a fascinating question. How can simply watching someone else trigger your own sense of touch?

Studying Touch Through Movies

To investigate this mystery, researchers from the UK, USA, and VU, NIN (KNAW) in Amsterdam turned to an unexpected tool: Hollywood films. Instead of controlled lab tasks, they analyzed how the brain responds during natural viewing experiences.

Tomas Knapen (last author) and Nicholas Hedger (first author) worked with a dataset in which participants lay in brain scanners while watching movie clips from films such as The Social Network and Inception. The researchers aimed to use these recordings to pinpoint the brain systems that allow us to deeply experience what we see.

Mapping the Body in the Brain

When scientists refer to "maps" in the brain, they are describing how different regions organize information about the body and surrounding space. In the somatosensory cortex, the entire body is laid out in an orderly way. One end processes sensations from the feet, while the other handles touch from the head. These maps help the brain identify where sensations originate.




Finding comparable maps in the visual cortex is especially exciting. It suggests that the brain connects visual input directly to bodily sensation, linking sight and touch at a fundamental level.

"We found not one, or two, but eight remarkably similar maps in the visual cortex!" Knapen explains. "Finding so many shows how strongly the visual brain speaks the language of touch."

These visual maps follow the same head-to-toe organization seen in the somatosensory cortex -- indicating that when we look at another person, the brain structures that information in much the same way it does when we physically feel something ourselves.

Why the Brain Uses Multiple Maps

If there are so many body maps, what purpose do they serve? According to the researchers, each map appears to support a different function. Some are more focused on recognizing specific body parts, while others help determine where those parts are located in space. "I think that there are many more purposes, but we just haven't been able to test them yet." Knapen adds.

Which map becomes most active can depend on what you are paying attention to. "Say you stand up and grab a cup of coffee. If I'm interested in what you're doing, I will probably focus on your hand grabbing the cup. Now imagine that I'm more interested in your emotional state. In that case, I might focus more on your overall posture or your facial expressions. Every time you look at a person, there are many different bodily translations that need to be conducted visually. We think that these maps are a fundamental ingredient in that exact process."

Although having overlapping maps might sound inefficient, Knapen argues the opposite. "This allows the brain to have many types of information in a single space, and make a translation in any way that is relevant in that moment," he explains.




Implications for Psychology Medicine and Technology

The discovery opens the door to a wide range of future studies. Because these body maps appear to play a role in emotional understanding, they may help advance research in social psychology and clinical care. "People with autism can struggle with this sort of processing. Having this information could help us better identify effective treatments," Knapen explains.

Over time, the findings could also influence the development of neurotechnology. "Training sets for brain implants often start off with instructions like 'try to think of a movement'. If these bodily processes can be activated in much broader ways, then there might be much broader possibilities to train and develop those brain computer interfaces."

Knapen also sees major potential for artificial intelligence. "Our bodies are deeply intertwined with our experiences and understanding of the world. Current AI primarily relies on text and video, lacking this bodily dimension. This aspect of human experience is a fantastic area for AI development. Our work shows the potential for very large, precision brain imaging datasets to fuel this development: a beautiful synergy between neuroscience and AI."

Despite these future possibilities, Knapen emphasizes that the core motivation remains deeply human. "I just want to understand the depths of the human experience, and it really feels like we just found this central ingredient for it."
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Physicists made atoms behave like a quantum circuit | ScienceDaily
Josephson junctions play a central role in modern physics and technology. They enable extremely precise measurements, define the international standard for electrical voltage, and serve as essential components inside many quantum computers. Despite their importance, the quantum-scale processes occurring inside superconductors are notoriously difficult to observe directly.


						
To overcome this challenge, researchers at the RPTU University of Kaiserslautern-Landau turned to quantum simulation. Instead of studying electrons inside a solid material, they recreated the Josephson effect using ultracold atoms. Their approach involved separating two Bose-Einstein condensates (BECs) with an exceptionally thin optical barrier created by a focused laser beam that was moved in a controlled, periodic way. Even in this atomic system, the defining signatures of Josephson junctions emerged. The experiment revealed Shapiro steps, which are distinct voltage plateaus that appear at multiples of a driving frequency, just as they do in superconducting devices. Published in the journal Science, the work stands as a clear example of how quantum simulation can uncover hidden physics.

Why Josephson Junctions Matter

At first glance, a Josephson junction has a simple structure. It consists of two superconductors separated by an extremely thin insulating layer. Yet this basic setup produces a powerful quantum mechanical effect that underpins some of today's most advanced technologies. Josephson contacts form the core of many quantum computers and make it possible to measure extraordinarily weak magnetic fields.

These measurements are crucial in applications such as magnetoencephalography (MEG), a medical imaging technique used to detect magnetic signals generated by activity in the human brain. The precision of Josephson junctions is what makes such sensitive diagnostics possible.

Making Invisible Quantum Effects Observable

The challenge with Josephson junctions is that their behavior unfolds at the level of individual quanta. Inside a superconductor, these microscopic processes cannot be easily tracked or visualized. To study them in detail, physicists rely on quantum simulation, a strategy that maps a complex quantum system onto a different one that is easier to control and observe.




By recreating the essential physics in a new environment, researchers can explore effects that would otherwise remain hidden. This approach allows scientists to test fundamental ideas and confirm whether certain behaviors are truly universal across different physical systems.

Recreating the Josephson Effect with Ultracold Atoms

At RPTU, an experimental team led by Herwig Ott applied quantum simulation directly to the Josephson effect. Rather than using superconductors, they worked with an ultracold gas of atoms known as a Bose-Einstein condensate. Two such condensates were separated by a narrow optical barrier formed by a focused laser beam. By moving this barrier periodically, the researchers recreated conditions similar to those in a superconducting Josephson junction exposed to microwave radiation.

In conventional devices, microwave radiation induces an additional alternating current through the Josephson contact. In the atomic version of the experiment, the moving laser barrier played the same role, allowing the team to closely mimic the behavior of electronic junctions using atoms instead.

Shapiro Steps Are a Universal Phenomenon

The results of the experiment were striking. The atomic system displayed clear Shapiro steps, which are quantized voltage plateaus used worldwide to calibrate electrical voltage. These steps depend only on fundamental constants and the frequency of the applied modulation, making them the foundation of the global voltage standard for the "volt."

"In our experiment, we were able to visualize the resulting excitations for the first time. The fact that this effect now appears in a completely different physical system -- an ensemble of ultracold atoms -- confirms that Shapiro steps are a universal phenomenon," states Herwig Ott.




Bridging the Quantum Worlds of Atoms and Electrons

The study was carried out in collaboration with theoretical physicists Ludwig Mathey from the University of Hamburg and Luigi Amico from the Technology Innovation Institute in Abu Dhabi. Together, the teams demonstrated how a well-known effect from solid-state physics can be faithfully reproduced in an entirely different setting.

The work serves as a textbook example of quantum simulation. As Herwig Ott explains, "A quantum mechanical effect from solid-state physics is transferred to a completely different system -- and yet its essence remains the same. This builds bridges between the quantum worlds of electrons and atoms."

Using Atomic Circuits to Explore Quantum Physics

Looking ahead, Ott and his colleagues plan to link multiple atomic junctions together to form complete circuits made of atoms. In these systems, atoms would move through the circuit instead of electrons, an emerging area of research known as "atomtronics."

"Such circuits are particularly well suited for observing coherent effects, i.e., wave-like effects," says Erik Bernhart, who carried out the experiments as part of his doctoral research. Unlike electrons in solid materials, atoms in these circuits can be directly observed as they move, providing a clearer view of quantum behavior. "We also want to replicate other fundamental components known from electronics for our atoms and understand them precisely at the microscopic level."
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Are they really listening? Watch their blinks | ScienceDaily
Blinking is something people do automatically, much like breathing, without giving it much thought. While most scientific research on blinking has focused on eyesight, a new study from Concordia University explores a different connection. The research looks at how blinking relates to cognitive processes, including how the brain filters out background noise so we can focus on speech in busy environments.


						
The findings were published in the journal Trends in Hearing. In the paper, researchers outline two experiments designed to observe how blinking behavior changes when people are exposed to different listening conditions.

Fewer Blinks Signal Greater Mental Effort

The researchers discovered that people tend to blink less when they are working harder to understand speech in noisy settings. This reduction in blinking appears to reflect the mental effort involved in listening closely during everyday conversations. Importantly, the pattern stayed the same regardless of lighting conditions -- participants blinked at similar rates whether the room was bright, dim, or dark.

"We wanted to know if blinking was impacted by environmental factors and how it related to executive function," says lead author Penelope Coupal, an Honours student at the Laboratory for Hearing and Cognition. "For instance, is there a strategic timing of a person's blinks so they would not miss out on what is being said?"

The results showed that blinking does appear to be timed in a purposeful way.

"We don't just blink randomly," says Coupal. "In fact, we blink systematically less when salient information is presented."

Measuring Blinks During Challenging Listening Tasks




The study included nearly 50 adult participants. Each person sat in a soundproof room and focused on a fixed cross displayed on a screen. They listened to short spoken sentences through headphones while the level of background noise changed. The signal-to-noise ratio (SNR) ranged from very quiet to highly distracting.

Participants wore eye-tracking glasses that captured every blink and recorded exactly when each blink occurred. Researchers divided each listening session into three phases: before the sentence played, while it was playing, and immediately afterward.

Blink rates dropped most noticeably during the sentences themselves, compared to the moments before and after. The decrease was strongest when background noise was loudest and speech was hardest to understand.

Lighting Does Not Explain the Effect

In a second experiment, the team tested blinking behavior again while changing the lighting conditions. Participants completed the listening tasks in dark, medium, and brightly lit rooms, across different SNR levels. The same blink suppression pattern appeared each time.

This consistency showed that the effect was driven by cognitive demands rather than changes in how much light entered the eyes.




Although individuals differed widely in how often they blinked overall -- some participant blinked as little as 10 times per minute, while others may have blinked 70 times per minute -- the overall trend was clear and statistically meaningful.

Blinks as a Tool for Studying Brain Function

Earlier research linking eye behavior to mental effort mostly relied on pupil dilation (pupillometry). In many cases, blinks were treated as unwanted interruptions and removed from the data. In contrast, this study revisited existing pupillometry data and focused directly on blink timing and frequency.

The researchers say the results support using blink rate as a simple and low-effort way to measure cognitive function, both in controlled laboratory experiments and in real-world situations.

"Our study suggests that blinking is associated with losing information, both visual and auditory," says co-author Mickael Deroche, an associate professor in the Department of Psychology.

"That is presumably why we suppress blinking when important information is coming. But to be fully convincing, we need to map out the precise timing and pattern of how visual/auditory information is lost during a blink. This is the logical next step, and a study is being led by postdoctoral fellow Charlotte Bigras. But these findings are far from trivial."

Yue Zhang contributed to this research.
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Study links full-fat cheese to lower dementia risk | ScienceDaily
    	A large new study suggests that eating more full-fat cheese and cream may be linked to a lower risk of developing dementia later in life.
    	High-fat cheeses are defined as containing more than 20% fat and include familiar varieties such as cheddar, Brie and Gouda.
    	Participants who ate 50 grams or more of high-fat cheese each day had a 13% lower risk of dementia compared with those who ate less than 15 grams daily.
    	People who consumed at least 20 grams of high-fat cream per day also showed a reduced dementia risk, about 16% lower than those who did not consume cream.
    	Researchers found no similar link for low-fat cheese, low-fat cream, milk, butter or fermented milk products.
    	Scientists emphasize that more research is needed to confirm these findings and to better understand whether certain high-fat dairy foods could help support brain health.

Full-Fat Dairy and Dementia Risk

People who eat higher amounts of full-fat cheese and cream may be less likely to develop dementia later in life, according to a new study published on December 17, 2025, in Neurology, the medical journal of the American Academy of Neurology. The findings point to a connection between these foods and dementia risk, but they do not prove that eating high-fat dairy prevents dementia. Instead, the study identifies an association.

High-fat cheeses are defined as having more than 20% fat and include common types such as cheddar, Brie and Gouda. High-fat creams generally contain 30-40% fat and include whipping cream, double cream and clotted cream. In grocery stores, these products are often sold as "full-fat" or "regular" options.

"For decades, the debate over high-fat versus low-fat diets has shaped health advice, sometimes even categorizing cheese as an unhealthy food to limit," said Emily Sonestedt, PhD, of Lund University, Sweden "Our study found that some high-fat dairy products may actually lower the risk of dementia, challenging some long-held assumptions about fat and brain health."

How the Study Followed Participants Over Time

The research team analyzed dietary and health data from 27,670 adults in Sweden. At the beginning of the study, participants were an average of 58 years old. They were followed for about 25 years, during which time 3,208 people were diagnosed with dementia.




To track eating habits, participants recorded everything they consumed over the course of one week. They also answered questions about how frequently they ate specific foods during the previous several years and discussed their food preparation methods with researchers.

Cheese Intake and Dementia Outcomes

One part of the analysis focused on daily consumption of high-fat cheese. Researchers compared people who ate 50 grams or more per day with those who ate less than 15 grams per day. Fifty grams of cheese is roughly equal to two slices of cheddar or about half a cup of shredded cheese and is approximately 1.8 ounces. A typical serving of cheese is one ounce.

By the end of the study period, 10% of participants who ate higher amounts of high-fat cheese had developed dementia, compared with 13% of those who ate less. After accounting for differences in age, sex, education and overall diet quality, the researchers found that higher cheese consumption was associated with a 13% lower risk of dementia.

When specific forms of dementia were examined, the association was strongest for vascular dementia. People who consumed more high-fat cheese had a 29% lower risk of developing this type.

The researchers also observed a lower risk of Alzheimer's disease among participants who ate more high-fat cheese, but this pattern was only seen in those who did not carry the APOE e4 gene variant -- a genetic risk factor for Alzheimer's disease.




High-Fat Cream and Dementia Risk

The study also looked at consumption of high-fat cream. Researchers compared people who consumed 20 grams or more per day with those who did not consume any. Twenty grams of high-fat cream is about 1.4 tablespoons of heavy whipping cream. A recommended serving is about 1-2 tablespoons.

After making similar adjustments for health and lifestyle factors, the researchers found that daily consumption of high-fat cream was linked to a 16% lower risk of dementia compared with consuming none.

Differences Among Dairy Products

Not all dairy foods showed the same relationship with dementia risk. The researchers found no association between dementia and consumption of low-fat cheese, low-fat cream, high- or low-fat milk, butter or fermented milk, which includes yogurt, kefir and buttermilk.

"These findings suggest that when it comes to brain health not all dairy is equal," said Sonestedt. "While eating more high-fat cheese and cream was linked to a reduced risk of dementia, other dairy products and low-fat alternatives did not show the same effect. More research is needed to confirm our study results and further explore whether consuming certain high-fat dairy truly offers some level of protection for the brain."

Study Limitations and Future Research

One limitation of the study is that all participants lived in Sweden, which means the results may not apply to people in other countries. Sonestedt noted that dietary habits differ between regions. In Sweden, cheese is often eaten uncooked, while in the United States, cheese is frequently heated or eaten alongside meat. Because of these differences, she emphasized that similar studies should also be carried out in the United States.

The study was supported by Swedish Research Council, Swedish Heart and Lung Foundation, Crafoord Foundation, Magnus Bergvall Foundation and Albert Pahlsson Foundation.
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This AI finds simple rules where humans see only chaos | ScienceDaily
Researchers at Duke University have created a new artificial intelligence framework designed to uncover clear, easy-to-understand rules behind some of the most complicated dynamics seen in nature and modern technology.


						
The system is inspired by the work of history's great "dynamicists" -- scientists who study systems that change over time. Just as Isaac Newton, often considered the first dynamicist, developed equations linking force and motion, this AI analyzes data that shows how complex systems evolve and then produces equations that accurately describe that behavior.

What sets this approach apart is its ability to handle complexity far beyond human capacity. The AI can take nonlinear systems involving hundreds or even thousands of interacting variables and reduce them to simpler rules with far fewer dimensions.

A New Tool for Understanding Change Over Time

The research, published December 17 online in the journal npj Complexity, introduces a powerful new way for scientists to use AI to study systems that evolve over time -- including weather patterns, electrical circuits, mechanical devices, and biological signals.

"Scientific discovery has always depended on finding simplified representations of complicated processes," said Boyuan Chen, director of the General Robotics Lab and the Dickinson Family Assistant Professor of Mechanical Engineering and Materials Science at Duke. "We increasingly have the raw data needed to understand complex systems, but not the tools to turn that information into the kinds of simplified rules scientists rely on. Bridging that gap is essential."

A classic example of simplification comes from physics. The path of a cannon ball depends on many factors, including launch speed and angle, air resistance, changing wind conditions, and even ambient temperature. Despite this complexity, a close approximation of its motion can be captured with a simple linear equation that uses only the launch speed and angle.




Building on a Decades-Old Mathematical Idea

This kind of simplification reflects a theoretical concept introduced by mathematician Bernard Koopman in the 1930s. Koopman showed that complex nonlinear systems can be represented mathematically using linear models. The new AI framework builds directly on this idea.

There is an important challenge, however. Representing highly complex systems with linear models often requires constructing hundreds or even thousands of equations, each tied to a different variable. Handling that level of complexity is difficult for human researchers.

That is where artificial intelligence becomes especially valuable.

How the AI Reduces Complexity

The framework studies time-series data from experiments and identifies the most meaningful patterns in how a system changes. It combines deep learning with constraints inspired by physics to narrow down the system to a much smaller set of variables that still capture its essential behavior. The outcome is a compact model that behaves mathematically like a linear system while remaining faithful to real-world complexity.




To test the approach, the researchers applied it to a wide variety of systems. These ranged from the familiar swinging motion of a pendulum to the nonlinear behavior of electrical circuits, as well as models used in climate science and neural circuits. Although these systems differ greatly, the AI consistently uncovered a small number of hidden variables that governed their behavior. In many cases, the resulting models were more than 10 times smaller than those produced by earlier machine-learning methods, while still delivering reliable long-term predictions.

"What stands out is not just the accuracy, but the interpretability," said Chen, who also holds appointments in electrical and computer engineering and computer science. "When a linear model is compact, the scientific discovery process can be naturally connected to existing theories and methods that human scientists have developed over millennia. It's like connecting AI scientists with human scientists."

Finding Stability and Warning Signs

The framework does more than make predictions. It can also identify stable states, known as attractors, where a system naturally settles over time. Recognizing these states is critical for determining whether a system is operating normally, slowly drifting, or approaching instability.

"For a dynamicist, finding these structures is like finding the landmarks of a new landscape," said Sam Moore, the lead author and PhD candidate in Chen's General Robotics Lab. "Once you know where the stable points are, the rest of the system starts to make sense."

The researchers note that this method is especially useful when traditional equations are unavailable, incomplete, or too complex to derive. "This is not about replacing physics," Moore continued. "It's about extending our ability to reason using data when the physics is unknown, hidden, or too cumbersome to write down."

Toward Machine Scientists

Looking ahead, the team is exploring how the framework could help guide experimental design by actively selecting which data to collect in order to reveal a system's structure more efficiently. They also plan to apply the method to richer forms of data, including video, audio, and signals from complex biological systems.

This research supports a long-term goal in Chen's General Robotics Lab to develop "machine scientists" that assist with automated scientific discovery. By linking modern AI with the mathematical language of dynamical systems, the work points toward a future in which AI does more than recognize patterns. It may help uncover the fundamental rules that shape both the physical world and living systems.

This work was supported by the National Science Foundation Graduate Research Fellowship, the Army Research Laboratory STRONG program (W911NF2320182, W911NF2220113), the Army Research Office (W911NF2410405), the DARPA FoundSci program (HR00112490372), and the DARPA TIAMAT program (HR00112490419).

Project Website: http://generalroboticslab.com/AutomatedGlobalAnalysis

Video: https://youtu.be/8Q5NQegHz50

General Robotics Lab Website: http://generalroboticslab.com
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A traditional Brazilian plant shows unexpected strength against arthritis | ScienceDaily
A research team in Brazil has found strong evidence that the Joseph's Coat plant (Alternanthera littoralis) is both safe and effective at reducing inflammation, easing pain, and protecting against arthritis. The study was carried out by scientists from the Federal University of Grande Dourados (UFGD), the State University of Campinas (UNICAMP), and Sao Paulo State University (UNESP).


						
Joseph's Coat grows naturally along Brazil's coastline and has long been used in traditional medicine to treat inflammation, infections, and parasitic illnesses. Despite its widespread use, there had been little scientific research confirming whether these benefits were real or whether the plant was safe.

Identifying Active Compounds and Testing Anti Inflammatory Effects

The study, published in the Journal of Ethnopharmacology, began with a detailed chemical analysis of the plant. Researchers examined the ethanolic extract made from the plant's aerial parts to determine which bioactive compounds it contained. This phase of the work was led by Marcos Salvador, a pharmacist from the Institute of Biology (IB) at UNICAMP.

After identifying the compounds, the research moved to biological testing. A team led by pharmacologist Candida Kassuya from the Faculty of Health Sciences at UFGD evaluated how well the extract reduced inflammation in experimental models of arthritis. Toxicological testing followed to assess safety. "Finally, we performed the toxicological analyses under my coordination," explains Arielle Cristina Arena, associate professor in the Department of Structural and Functional Biology at the Institute of Biosciences at UNESP's Botucatu Campus.

Laboratory Results Show Reduced Inflammation and Joint Damage

The experiments revealed that the ethanolic extract of A. littoralis significantly lowered inflammation in laboratory animals. "In the experimental models, we observed reduced edema, improved joint parameters, and modulation of inflammatory mediators, suggesting antioxidant and tissue-protective actions," says Arena.




These findings indicate that the plant does more than reduce swelling. The results also suggest that it may help protect joint tissue and limit damage associated with inflammatory conditions like arthritis.

Promising Safety Profile With Limits on Immediate Use

According to Arena, the results strengthen the scientific case for the plant's medicinal value and provide a foundation for future preclinical studies. The findings also point to a favorable safety profile at therapeutic doses, which could be encouraging for eventual human use.

However, the researchers caution that the extract is not ready for clinical application. Additional toxicological testing, human clinical trials, and standardized preparation methods are still required to confirm safety, effectiveness, and quality. Regulatory approval would also be necessary before any therapeutic use.

Supporting Biodiversity Through Science

"This research is part of an ongoing line of investigation developed by UFGD, UNESP, and UNICAMP, and our purpose is to value Brazilian biodiversity and traditional knowledge, but with a rigorous scientific basis, promoting the safe and rational use of natural products," says Arena.

The research received funding from FAPESP (projects 06/06079-4, 09/05992-6, 15/03726-8, 16/06407-3, 17/19523-4, and 21/09693-5).
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Why one long walk may be better than many short ones | ScienceDaily
A large population-based study examined whether the way people accumulate their daily steps affects their long-term health, regardless of how many total steps they take. The research focused on adults who were not highly active, defined as walking fewer than 8,000 steps per day (<8,000 steps per day). The findings showed a clear pattern: people who walked in longer, uninterrupted sessions faced lower risks of death from any cause and cardiovascular disease (CVD) compared with those whose steps were spread out in short bursts. The study was published in Annals of Internal Medicine.


						
The analysis included 33,560 adults from the UK Biobank who averaged 8000 or fewer daily steps. Researchers grouped participants based on how long their typical walking sessions lasted. These categories included bouts shorter than 5 minutes, 5 to shorter than 10 minutes, 10 to shorter than 15 minutes, and 15 minutes or longer.

Participants walked a median of 5,165 steps per day. Nearly half of them, 42.9%, accumulated most of their steps in sessions lasting under 5 minutes. Another 33.5% primarily walked in 5- to 10-minute bouts, while 15.5% did most of their walking in 10- to 15-minute sessions. Only 8.0% regularly walked in sessions lasting at least 15 minutes.

Mortality Risk Drops as Walking Sessions Get Longer

Over a follow-up period of 9.5 years, the risk of death decreased steadily as walking sessions became longer. Participants who took most of their steps in bouts shorter than 5 minutes had an all-cause mortality risk of 4.36% (95% CI, 3.52% to 5.19%). That risk dropped to 1.83% (CI, 1.29% to 2.36%) among those walking in 5- to 10-minute bouts.

Even lower risks were seen in people who walked longer at a time. Those whose steps mainly came from 10- to 15-minute sessions had a mortality risk of 0.84% (CI, 0.13% to 1.53%), while participants who regularly walked for 15 minutes or more at a stretch had a risk of 0.80% (CI, 0.00% to 1.89%).

Heart Disease Risk Shows an Even Stronger Pattern

The connection between walking patterns and cardiovascular disease was even more pronounced. After 9.5 years, participants who mostly walked in sessions shorter than 5 minutes had a cumulative CVD risk of 13.03% (CI, 11.92% to 14.14%). Those who walked in 5- to 10-minute bouts had a lower risk of 11.09% (CI, 9.88% to 12.29%).




Risk continued to decline with longer walking sessions. Participants in the 10- to 15-minute group had a CVD risk of 7.71% (CI, 5.67% to 9.70%), while those walking in bouts of 15 minutes or longer had the lowest risk at 4.39% (CI, 1.89% to 6.83%).

Bigger Benefits for the Most Sedentary Adults

Among participants who were especially inactive, defined as taking fewer than 5,000 steps per day (<5,000 steps per day), the advantages of longer walking sessions were even more noticeable. In this group, walking for longer periods at a time was strongly associated with lower risks of both death and cardiovascular disease.

These findings suggest that for people who are otherwise sedentary or low-active, focusing on longer, more intentional walking sessions could be an effective way to improve health outcomes, even without increasing total step counts.
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Global warming could trigger the next ice age | ScienceDaily
Researchers at UC Riverside say they have identified a critical gap in how scientists have long understood Earth's carbon recycling system. By filling in this missing piece, they now believe that periods of global warming can swing too far in the opposite direction, potentially setting the stage for an ice age.


						
For decades, scientists have thought Earth's climate was regulated by a slow but dependable natural process driven by rock weathering. This mechanism was seen as a stabilizing force that kept temperatures from drifting too far in either direction.

How Rock Weathering Helps Regulate Climate

In this process, rain absorbs carbon dioxide from the atmosphere and then falls onto exposed land surfaces. As the water interacts with rocks, especially silicate rocks such as granite, it gradually breaks them down. The dissolved material, along with the captured CO2, is carried into the oceans.

Once there, the carbon combines with calcium released from the rocks to form shells and limestone reefs. These materials settle on the ocean floor, locking carbon away for hundreds of millions of years and slowly reducing the amount of carbon dioxide in the atmosphere.

"As the planet gets hotter, rocks weather faster and take up more CO2, cooling the planet back down again," said Andy Ridgwell, a UC Riverside geologist and co-author of the study published in Science.

Why Ancient Ice Ages Were So Extreme

Geological records, however, tell a more dramatic story. Evidence shows that some of Earth's earliest ice ages were so severe that ice and snow covered nearly the entire planet. According to the researchers, this level of freezing cannot be explained by a climate system that simply fine tunes itself.




That realization led the team to look for an additional process that could push the climate beyond gentle balance and into extremes.

The Role of Oceans, Nutrients, and Plankton

The newly identified factor involves how carbon is buried in the ocean. As atmospheric CO2 rises and temperatures increase, rainfall carries larger amounts of nutrients such as phosphorus into the sea. These nutrients stimulate the growth of plankton, microscopic organisms that absorb carbon dioxide through photosynthesis.

When plankton die, they sink to the ocean floor, taking the carbon they captured with them. This process removes carbon from the atmosphere and stores it in ocean sediments.

In warmer conditions, however, this system changes. Increased plankton growth can reduce oxygen levels in the ocean. With less oxygen available, phosphorus is more likely to be released back into the water instead of being permanently buried. This recycled phosphorus fuels even more plankton growth, whose decay further depletes oxygen and keeps nutrients circulating.

As this loop continues, enormous amounts of carbon are buried, and global temperatures begin to fall.




A Climate System That Can Overshoot

Rather than gently stabilizing Earth's temperature, this feedback can drive cooling well past its original starting point. In the team's computer simulations, the effect was strong enough to trigger an ice age.

Ridgwell likens the process to a household cooling system working too hard.

"In summer, you set your thermostat around 78degF. As the air temperature climbs outside during the day, the air conditioning removes the excess heat inside until the room temperature comes down to 78deg and then it stops," Ridgwell said.

Using this analogy, he explains that Earth's climate control is not broken. Instead, it may respond unevenly, as if the thermostat were not positioned close to the air conditioner.

Why the Future May Be Different

According to the study, lower levels of oxygen in Earth's ancient atmosphere made this climate control far less stable, which helps explain the severity of early ice ages. Today, atmospheric oxygen levels are much higher.

As human activity continues to add CO2 to the atmosphere, the planet is expected to keep warming in the near term. The researchers' model suggests that a cooling rebound will eventually follow. However, this future cooling is likely to be less extreme because higher oxygen levels reduce the strength of the nutrient feedback in the oceans.

"Like placing the thermostat closer to the AC unit," Ridgwell added. Even so, the effect could be enough to bring forward the beginning of the next ice age.

Why Climate Action Still Matters Now

"At the end of the day, does it matter much if the start of the next ice age is 50, 100, or 200 thousand years into the future?" Ridgwell wondered. "We need to focus now on limiting ongoing warming. That the Earth will eventually cool back down, in however wobbly a way, is not going to happen fast enough to help us out in this lifetime."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251221043231.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Hidden seismic signals hint at a tsunami threat in Alaska | ScienceDaily
Since 2020, scientists have installed monitoring instruments around the Barry Landslide in Alaska's Prince William Sound to closely track seismic activity in the area. Their goal is to detect warning signs early, before a sudden landslide could trigger a destructive tsunami.


						
By analyzing these seismic recordings, researchers identified a previously unrecognized type of signal. These events are marked by sharp, high-frequency pulses that become more common from late summer through mid-winter, then suddenly stop in late winter or early spring.

Strange Signals Linked to Freezing and Thawing Rock

Writing in Seismological Research Letters, Gabrielle Davy of the University of Alaska Fairbanks and her colleagues propose that the signals are caused by water freezing and thawing inside tiny cracks in the rock beneath the nearby Cascade Glacier. The research team is the first to carry out a systematic analysis of these short, impulsive seismic events near the Barry Landslide.

The scientists emphasize that these signals are not signs that the landslide itself is moving. However, they may still provide valuable insight into changes in underground water conditions behind the slope. Those changes could eventually play a role in triggering slope movement.

Why the Barry Landslide Poses a Serious Risk

Searching for seismic warning signs at Barry Arm is especially important because the landslide sits in a highly unstable setting. The slope is steep and underlain by weak, heavily fractured bedrock, making it prone to failure. It has also lost critical support from Barry Glacier, which has rapidly melted and retreated over the last century.




"What makes Barry Landslide especially concerning is the size of the landslide," Davy explained. "It's a large, slowly moving mass -- on the order of about 500 million cubic meters -- that has been creeping for decades."

"If a rapid collapse were to occur, the material would fall directly into the fjord, and that could generate a tsunami with potentially high wave heights," she added. "Barry Arm is visited by kayakers and cruise ships, and nearby communities such as Whittier could be affected, so understanding the hazard is important from both a scientific and a public-safety perspective."

Sorting Through a Year of Seismic Data

Because of these risks, the landslide area has been extensively instrumented since 2020. The study by Davy and her colleagues is among the first to carefully examine the large volume of seismic data collected by those instruments.

For this research, the team manually reviewed an entire year of continuous seismic waveform recordings. They searched for signals that might help determine when and where a landslide could occur.

This hands-on approach allowed the researchers to recognize the wide range of signals present in the data. These included vibrations from small earthquakes, glacier motion, slope deformation, and other sources of seismic background noise.




"We needed to build a clear baseline understanding of the types of signals that routinely occur in the area, so that any unusual or previously unrecognized signals would stand out. By spending time with the raw data, you train your eye to recognize what 'normal' looks like" before developing classification tools and detection algorithms, Davy explained.

Seasonal Patterns Reveal a Freeze-Thaw Process

After learning how to identify the unusual short-impulsive events in the seismic records, the researchers compared them with weather and rainfall data. They also used ground-based radar to track subtle changes in slope movement. This combination allowed them to study when and where the signals occurred.

The timing, location, and characteristics of the signals pointed to small, brittle events that happen seasonally as water freezes and thaws inside cracks in the rock.

"Similar seismic signals have been documented in other settings, although they are not widely reported," Davy said. She pointed to a recent study from Norway that observed comparable signals near an unstable rock slope and "suggested that their signals may be linked to freeze-thaw processes acting on cracks within the bedrock."

Toward Better Landslide Early Warning Systems

Co-author Ezgi Karasozen said the Alaska Earthquake Center is now testing a regional landslide detection system at the Barry Landslide site. According to Karasozen, the system "will alert us to any slope failures in this area."

"As research on landslide seismology grows, there's increasing recognition that precursor seismic activity -- when it does occur -- can be an important source of early warning," Karasozen said. "That motivates broader investigations not only at Barry Arm, but also at other sites in southern Alaska where similar hazards exist."
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Subaru Telescope reveals a hidden giant planet | ScienceDaily
Astronomers working with the Subaru Telescope in Hawai`i have identified two remarkable objects circling distant stars: a giant planet and a brown dwarf. These findings mark the first successes of OASIS (Observing Accelerators with SCExAO Imaging Survey), a project that pairs precise space-based data with Subaru's powerful imaging systems to uncover worlds that are otherwise extremely difficult to see. The discoveries also provide an important stepping stone for NASA's upcoming Roman Space Telescope, which will test new tools designed to image Earth-like planets.


						
Only about 1 percent of stars are known to host massive planets or brown dwarfs that can be directly photographed with today's telescopes. Even when these objects are young and still glowing from the heat of their formation, they remain vastly dimmer than the stars they orbit. As a result, their faint light is often overwhelmed by the intense brightness of their host stars. For astronomers, the long-standing challenge has not just been how to see these objects, but knowing where to search in the first place.

How OASIS Pinpoints Hidden Companions

OASIS [Principal Investigator (PI): Thayne Currie / Deputy-PI: Masayuki Kuzuhara] addresses this challenge by narrowing down the most promising targets. The survey analyzes measurements from two European Space Agency missions -- Hipparcos and Gaia -- which track tiny motions in stars caused by the gravitational pull of unseen companions. Once a star shows signs of being tugged by an invisible object, OASIS turns the Subaru Telescope toward it. Using the Subaru Coronagraphic Extreme Adaptive Optics (SCExAO) system, astronomers can then capture extremely sharp images that make it possible to directly photograph these hidden worlds.

A Giant Planet Revealed in Leo

One of the new discoveries is a planet known as HIP 54515 b, which orbits a star located 271 light-years away in the constellation Leo. This planet has nearly 18 times the mass of Jupiter and travels around its star at a distance similar to that of Neptune in our own solar system. From Earth, however, the planet and its star appear incredibly close together. The separation is comparable to spotting a baseball from 100 km away. Thanks to the precision of the SCExAO system, astronomers were able to resolve the planet clearly despite this challenge.

A Rare Brown Dwarf With Special Potential

The second object, HIP 71618 B, is a brown dwarf with a mass about 60 times that of Jupiter. It lies 169 light-years away in the constellation Bootes. Brown dwarfs are often referred to as "failed stars" -- because they form in a similar way to stars but never grow massive enough to ignite nuclear fusion in their cores.




A Perfect Test Target for NASA's Roman Telescope

HIP 71618 B stands out because it is exceptionally well suited for study by NASA's Roman Space Telescope. Roman is scheduled to conduct a technology demonstration that will test advanced coronagraph systems. These instruments are essential for future missions that aim to directly image Earth-like planets around other stars, objects that can be ten billion times fainter than the stars they orbit. Until now, astronomers had not identified a single confirmed target that met all the strict criteria for this test. HIP 71618 B fills that gap. Its host star is bright, the brown dwarf sits at an ideal position, and at the Roman Coronagraph's operating wavelengths it will appear faint enough relative to its star to properly evaluate the new technology.

A New Era of Teamwork in Planet Hunting

Together, these discoveries highlight the power of combining precise measurements from space with advanced imaging from the ground. This coordinated approach allows astronomers to find planets and brown dwarfs that would otherwise remain hidden in starlight. The success of OASIS demonstrates that the Subaru Telescope will continue to play a leading role in astronomical discovery, even as a new generation of powerful telescopes comes online.
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Parkinson's breakthrough changes what we know about dopamine | ScienceDaily
A new study led by researchers at McGill University is calling into question a long-standing idea about how dopamine influences movement. The findings suggest a shift in how scientists understand Parkinson's disease and how its treatments work.


						
The research, published in Nature Neuroscience, shows that dopamine does not directly control how fast or how forcefully a person moves, as many experts previously believed. Instead, dopamine appears to provide the basic conditions that allow movement to happen in the first place.

"Our findings suggest we should rethink dopamine's role in movement," said senior author Nicolas Tritsch, Assistant Professor in McGill's Department of Psychiatry and researcher at the Douglas Research Centre. "Restoring dopamine to a normal level may be enough to improve movement. That could simplify how we think about Parkinson's treatment."

What Dopamine Does in Parkinson's Disease

Dopamine plays a key role in motor vigor, which refers to the ability to move with speed and strength. In people with Parkinson's disease, the brain cells that produce dopamine gradually break down. This loss leads to hallmark symptoms such as slow movement, tremors, and problems with balance.

Levodopa, the most common treatment for Parkinson's, helps restore movement by increasing dopamine levels in the brain. However, scientists have not fully understood why the drug is so effective. In recent years, improved brain-monitoring tools detected brief spikes of dopamine during movement. These rapid bursts led many researchers to think dopamine directly controlled movement intensity.

The new findings challenge that assumption.




Dopamine Acts as Support, Not a Speed Controller

The study suggests dopamine does not act as a moment-by-moment controller of movement. Instead, it serves a more fundamental role.

"Rather than acting as a throttle that sets movement speed, dopamine appears to function more like engine oil. It's essential for the system to run, but not the signal that determines how fast each action is executed," said Tritsch.

Tracking Dopamine in Real Time

To test this idea, the researchers monitored brain activity in mice while the animals pressed a weighted lever. Using a light-based method, they were able to switch dopamine-producing cells "on" or "off" during the task.

If rapid dopamine bursts were responsible for movement vigor, changing dopamine levels at that exact moment should have altered how fast or forcefully the mice moved. Instead, adjusting dopamine activity during movement made no difference.




When the researchers tested levodopa, they found that the drug improved movement by raising the brain's overall dopamine level. It did not work by restoring the short-lived dopamine bursts that occur during motion.

Toward More Targeted Parkinson's Treatments

More than 110,000 Canadians are currently living with Parkinson's disease, and that number is expected to more than double by 2050 as the population ages.

According to the researchers, a better understanding of why levodopa works could guide the development of future treatments that focus on maintaining steady dopamine levels rather than targeting rapid dopamine signals.

The findings also encourage researchers to reexamine older treatment strategies. Dopamine receptor agonists have shown benefits in the past but often caused side effects because they affected large areas of the brain. The new insight may help scientists design safer therapies that act more precisely.

About the Study

"Subsecond dopamine fluctuations do not specify the vigor of ongoing actions" by Haixin Liu and Nicolas Tritsch et al., was published in Nature Neuroscience.

The study was funded by the Canada First Research Excellence Fund, awarded through the Healthy Brains, Healthy Lives initiative at McGill University and the Fonds de Recherche du Quebec.
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Ancient sewers expose a hidden health crisis in Roman Britain | ScienceDaily
Scientists studying ancient sewer drains at the Roman fort of Vindolanda, located near Hadrian's Wall, have uncovered evidence that the people living there were infected with three different intestinal parasites: roundworm, whipworm, and Giardia duodenalis.


						
All three parasites spread through poor sanitation, typically when food, water, or hands are contaminated with human feces. Roundworms can grow to 20-30cm in length, while whipworms reach about 5cm. Giardia duodenalis is a microscopic protozoan parasite known for causing outbreaks of severe diarrhea. The discovery marks the first confirmed evidence of Giardia duodenalis in Roman Britain.

Vindolanda and the Roman Frontier in Britain

Vindolanda sat close to Hadrian's Wall in northern England. The wall was constructed by the Romans in the early 2nd century AD to protect the province of 'Britannia' from northern tribes and remained in use until the late 4th century. The fort itself lies between Carlisle and Corbridge in what is now Northumberland, Britain.

Stretching east to west from the North Sea to the Irish Sea, Hadrian's Wall featured a series of forts and towers placed at regular intervals. It was defended by a mix of infantry, archers, and cavalry drawn from across the Roman Empire.

A Site Known for Remarkable Preservation

Vindolanda is well known among archaeologists for its exceptional preservation of organic materials, thanks to the site's waterlogged soil. Discoveries include more than 1,000 thin wooden writing tablets that provide rare insight into everyday life at the fort, along with over 5,000 Roman leather shoes.




How Researchers Studied the Ancient Sewers

The parasite analysis focused on sediment taken from a sewer drain connected to the latrine block of a bath complex dating to the 3rd century CE. The research was carried out jointly by scientists from the universities of Cambridge and Oxford and published in the journal Parasitology.

Researchers collected 50 sediment samples from along the drain, which stretched roughly nine meters and carried waste from a communal latrine into a stream north of the fort. Along with the sediment, archaeologists recovered artifacts such as Roman beads, pottery fragments, and animal bones.

The samples were divided between laboratories at Cambridge and Oxford, where scientists examined them under microscopes to search for ancient helminth eggs, which are produced by parasitic worms that infect humans and animals.

Evidence of Worms and Giardia Infection

About 28% of the samples contained eggs from either roundworm or whipworm. One sample showed traces of both parasites. That same sample was further tested using a bio-molecular method called 'ELISA', a technique in which antibodies bind to proteins produced by single-celled organisms. This analysis revealed the presence of Giardia duodenalis.




The research team also examined a sample linked to an earlier fort from the 1st century CE. That fort was built around 85 CE and abandoned by 91/92 CE. The sediment came from a defensive ditch and also contained roundworm and whipworm eggs.

How Parasites Affected Roman Soldiers

"The three types of parasites we found could have led to malnutrition and cause diarrhea in some of the Roman soldiers," said Dr. Marissa Ledger, who led the Cambridge portion of the research as part of her PhD at the University of Cambridge's Department of Archaeology.

"While the Romans were aware of intestinal worms, there was little their doctors could do to clear infection by these parasites or help those experiencing diarrhea, meaning symptoms could persist and worsen. These chronic infections likely weakened soldiers, reducing fitness for duty. Helminths alone can cause nausea, cramping and diarrhea."

Study senior author Dr. Piers Mitchell, an Affiliated Scholar at Cambridge's McDonald Institute for Archaeological Research, explained that Giardia outbreaks could have been especially dangerous. "Some soldiers could have become severely ill from dehydration during summer outbreaks of Giardia, which are often linked to contaminated water and can infection dozens of people at a time. Untreated giardiasis can drag on for weeks, causing dramatic fatigue and weight loss."

Mitchell added that "The presence of the fecal-oral parasites we found suggests conditions were ripe for other intestinal pathogens such as Salmonella and Shigella, which could have triggered additional disease outbreaks."

How Vindolanda Compares to Other Roman Sites

According to the researchers, the dominance of fecal-oral parasites at Vindolanda mirrors findings from other Roman military sites, including Carnuntum in Austria, Valkenburg on Rhine in the Netherlands, and Bearsden in Scotland. In contrast, large urban centers like London and York show a wider range of parasites, including fish and meat tapeworms.

"Despite the fact that Vindolanda had communal latrines and a sewer system, this still did not protect the soldiers from infecting each other with these parasites," said Dr. Patrik Flammer, who analyzed samples at the University of Oxford.

What Ancient Parasites Reveal About the Past

"The study of ancient parasites helps us to know the pathogens that infected our ancestors, how they varied with lifestyle, and how they changed over time," said Prof Adrian Smith, who led the Oxford laboratory involved in the research.

Dr. Andrew Birley, CEO of the Vindolanda Charitable Trust and leader of ongoing excavations at the site, said the findings add to a growing picture of life on Rome's northern frontier. "Excavations at Vindolanda continue to find new evidence that helps us to understand the incredible hardships faced by those posted to this northwestern frontier of the Roman Empire nearly 2,000 years ago, challenging our preconceptions about what life was really like in a Roman frontier fort and town."

W. H. Auden once wrote of a miserable Roman soldier guarding a cold, rain-soaked wall in northern Europe, mentioning "lice in my tunic and a cold in my nose." Based on this new evidence, chronic stomach trouble could easily be added to that list.
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Science says we've been nurturing "gifted" kids all wrong | ScienceDaily
Exceptional performers play a major role in driving innovation and tackling some of the world's most urgent challenges. Because of this, societies have a strong stake in understanding how top-level talent develops. A new review published in the journal Science argues that many long standing approaches to gifted education and talent development rest on flawed assumptions. For the first time, an international and interdisciplinary research team has brought together evidence on how world-class performers emerge in science, classical music, chess, and sports.


						
For decades, research on giftedness and expertise has followed a familiar model. Outstanding achievement was thought to depend on strong early performance, such as excelling in school subjects, sports, or concerts, combined with specific abilities like intelligence, physical coordination, or musical talent. These traits were believed to need years of intense, discipline-focused training to produce elite results. As a result, many talent programs concentrate on identifying the top young performers early and pushing them to specialize quickly.

According to new findings led by Arne Gullich, professor of sports science at RPTU University Kaiserslautern-Landau, this approach may not be the most effective way to nurture future high achievers.

Why Earlier Research Missed the Full Picture

Until recently, most studies of giftedness focused on young or sub-elite performers. These groups included school and college students, youth athletes, young chess players, and musicians training at conservatories. However, evidence drawn from adult world-class athletes has begun to challenge conclusions based on these earlier samples.

"Traditional research into giftedness and expertise did not sufficiently consider the question of how world-class performers at peak performance age developed in their early years," Arne Gullich explains. The goal of the new Review was to address this gap by examining how elite performers actually progressed over time.

To do this, Gullich worked with an international research team that included Michael Barth, assistant professor of sports economics at the University of Innsbruck, D. Zach Hambrick, professor of psychology at Michigan State University, and Brooke N. Macnamara, professor of psychology at Purdue University. Their findings are now published in Science.




Pooling Evidence Across Fields

The researchers reexamined large datasets from many previous studies, analyzing the developmental histories of 34,839 top-level performers from around the world. The group included Nobel Prize winners in the sciences, Olympic medalists, elite chess players, and leading classical music composers. This effort made it possible, for the first time, to compare how world-class performers develop across very different disciplines.

Early Stars Are Rarely Future Legends

One of the most striking conclusions is that elite performers follow a developmental path that differs from long-held assumptions. "And a common pattern emerges across the different disciplines," Gullich notes.

First, individuals who stand out as the best at a young age are usually not the same people who become the best later in life. Second, those who eventually reached the highest levels tended to improve gradually during their early years and were not top performers within their age group. Third, future world-class achievers typically did not focus on a single discipline early on. Instead, they explored a range of activities, such as different academic subjects, musical genres, sports, or professions (e.g., different subjects of study, genres of music, sports, or professions).

How Variety Builds Stronger Performers

The researchers propose three ideas that may help explain these patterns. "We propose three explanatory hypotheses for discussion," says Gullich.




The search-and-match hypothesis suggests that exposure to multiple disciplines increases the likelihood of eventually finding the best personal fit. The enhanced-learning-capital hypothesis proposes that learning in diverse areas strengthens overall learning capacity, making it easier to continue improving later at the highest level within a chosen field. The limited-risks hypothesis argues that engaging in multiple disciplines reduces the chance of setbacks such as burnout, unhealthy work-rest imbalances, loss of motivation, or physical injury in psychomotor disciplines (sports, music).

Arne Gullich summarizes the combined effect of these factors: "Those who find an optimal discipline for themselves, develop enhanced potential for long-term learning, and have reduced risks of career-hampering factors, have improved chances of developing world-class performance."

Encouraging Breadth Instead of Early Specialization

Based on these findings, Gullich offers clear guidance on how young talent should be supported. The evidence suggests avoiding early specialization in a single field. Instead, young people should be encouraged and given opportunities to explore several areas of interest and receive support in two or three disciplines.

These areas do not need to be closely related. Combinations like language and mathematics, or geography and philosophy, can be equally valuable. Albert Einstein provides a famous example -- one of the most important physicists, who was also deeply engaged with music and played the violin from an early age.

Implications for Policy and Practice

The authors argue that these insights should inform changes in how talent development programs are designed. Policymakers and program leaders can move toward approaches grounded in evidence rather than tradition.

As Gullich concludes, "This may enhance opportunities for the development of world-class performers -- in science, sports, music, and other fields."
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A new tool is revealing the invisible networks inside cancer | ScienceDaily
Researchers at the University of Navarra in Spain have created RNACOREX, an open-source software platform designed to identify gene regulation networks linked to cancer survival. The tool was developed by scientists at the Institute of Data Science and Artificial Intelligence (DATAI), in collaboration with members of the Cancer Center Clinica Universidad de Navarra. Its performance has been tested using data from thirteen different tumor types provided by the international consortium The Cancer Genome Atlas (TCGA).


						
RNACOREX was published in the journal PLOS Computational Biology. It can analyze thousands of biological molecules at the same time, allowing it to detect important molecular interactions that are often missed by traditional analysis methods. By producing a clear and interpretable molecular "map," the software helps researchers better understand how tumors function and offers new ways to explore the biological processes that drive cancer progression.

Decoding Cancer's Hidden Genetic Structure

Within human cells, different types of molecules such as microRNAs (miRNAs) and messenger RNA (mRNA) -- communicate through highly complex regulatory networks. When these networks fail to function properly, diseases including cancer can develop.

"Understanding the architecture of these networks is crucial for detecting, studying, and classifying different tumor types. However, reliably identifying these networks is a challenge due to the vast amount of available data, the presence of many false signals, and the lack of accessible and precise tools capable of distinguishing which molecular interactions are truly associated with each disease," says Ruben Armananzas, head of the Digital Medicine Laboratory at DATAI and one of the study's lead authors.

RNACOREX was designed to overcome these challenges. It integrates curated information from international biological databases with real-world gene expression data to rank the most biologically meaningful miRNA-mRNA interactions. From this foundation, the software builds progressively more complex regulatory networks that can also function as probabilistic models for studying disease behavior.

Predicting Survival With Interpretable Results

To evaluate how well the tool performs, the research team applied RNACOREX to data from thirteen different cancers, including breast, colon, lung, stomach, melanoma, and head and neck tumors, using information from The Cancer Genome Atlas (TCGA).




"The software predicted patient survival with accuracy on par with sophisticated AI models, but with something many of those systems lack: clear, interpretable explanations of the molecular interactions behind the results," says Aitor Oviedo-Madrid, a researcher at the Digital Medicine Laboratory of DATAI and first author of the study.

Beyond survival prediction, RNACOREX can identify regulatory networks linked to clinical outcomes, detect molecular patterns shared across multiple tumor types, and spotlight individual molecules with strong biomedical relevance. These insights may help researchers generate new hypotheses about how tumors grow and progress, while also pointing toward promising future diagnostic markers or treatment targets. "Our tool provides a reliable molecular 'map' that helps prioritize new biological targets, speeding up cancer research," Oviedo-Madrid adds.

An Expanding Open-Source Platform

RNACOREX is freely available as an open-source program on GitHub and PyPI (Python Package Index). It includes automated tools for downloading databases, making it easier for laboratories and research institutions to integrate the software into their workflows. The project has received partial funding from the Government of Navarra (ANDIA 2021 program) and the ERA PerMed JTC2022 PORTRAIT.

"As artificial intelligence in genomics accelerates, RNACOREX positions itself as an explainable, easy-to-interpret solution and an alternative to 'black-box' models, helping bring omics data into biomedical practice," says Armananzas.

The University of Navarra team is already working on expanding the software's capabilities. Planned additions include pathway analysis and new layers of molecular interaction data, with the goal of creating models that more fully explain the biological mechanisms behind tumor growth and progression. These efforts highlight the institution's broader commitment to interdisciplinary research that combines biomedicine, artificial intelligence, and data science to advance personalized and precision cancer medicine.
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What scientists found inside Titan was not what anyone expected | ScienceDaily
A new examination of spacecraft data collected more than ten years ago suggests that Saturn's largest moon, Titan, probably does not contain a massive ocean beneath its frozen surface, as scientists once believed. Instead, moving downward through Titan's icy shell would likely reveal additional layers of ice that gradually transition into slushy pathways and isolated pockets of liquid water closer to the moon's rocky interior.


						
Earlier interpretations of data from NASA's Cassini mission to Saturn led scientists to propose a deep ocean of liquid water hidden beneath Titan's ice. When researchers tested that idea using computer models, however, the results did not align with the physical characteristics seen in the data. A closer reanalysis produced new -- slushier -- conclusions. These results may prompt scientists to revisit assumptions about other icy worlds and refine how they search for life on Titan.

"Instead of an open ocean like we have here on Earth, we're probably looking at something more like Arctic sea ice or aquifers, which has implications for what type of life we might find, but also the availability of nutrients, energy and so on," said Baptiste Journaux, a University of Washington assistant professor of Earth and space sciences.

The study, published Dec. 17 in Nature, was led by NASA, with contributions from Journaux and Ula Jones, a UW graduate student of Earth and space sciences in his lab.

Cassini's Legacy and Titan's Unusual Surface

The Cassini mission began in 1997 and continued for nearly two decades, gathering extensive information about Saturn and its 274 moons. Titan -- shrouded by a hazy atmosphere -- stands out as the only place besides Earth where liquid is known to exist on the surface. With temperatures near -297 degrees Fahrenheit, that liquid is methane, not water. Methane forms lakes on Titan and even falls from the sky as rain.

As Titan travels around Saturn in an elongated orbit, scientists noticed that the moon stretches and compresses depending on its position relative to the planet. In 2008, researchers argued that this pronounced flexing could only occur if a large ocean existed beneath Titan's crust.




"The degree of deformation depends on Titan's interior structure. A deep ocean would permit the crust to flex more under Saturn's gravitational pull, but if Titan were entirely frozen, it wouldn't deform as much," Journaux said. "The deformation we detected during the initial analysis of the Cassini mission data could have been compatible with a global ocean, but now we know that isn't the full story."

A Subtle Time Lag Reveals a Slushy Interior

The new research adds an important factor that earlier studies did not fully consider: timing. Titan's changes in shape lag roughly 15 hours behind the strongest pull from Saturn's gravity. Moving a thick, sticky material requires more energy than shifting a free flowing liquid, similar to how stirring honey takes more effort than stirring water. By measuring this delay, scientists could estimate how much energy Titan absorbs as it deforms, offering insight into how thick or viscous its interior must be.

The amount of energy lost, or dissipated, inside Titan turned out to be far greater than expected if a global liquid ocean were present.

"Nobody was expecting very strong energy dissipation inside Titan. That was the smoking gun indicating that Titan's interior is different from what was inferred from previous analyses," said Flavio Petricca, a postdoctoral fellow at NASA's Jet Propulsion Laboratory and lead author of the study.

Based on these findings, the researchers propose an interior made up largely of slush, with significantly less liquid water than previously assumed. This slushy material is thick enough to explain the delayed response to Saturn's gravity, while still containing enough water to allow Titan to change shape.




Radio Signals and Extreme Physics Support the Model

Petricca reached these conclusions by analyzing the frequencies of radio waves transmitted from the Cassini spacecraft during close fly-bys of Titan. Journaux helped interpret the results using thermodynamics. His work focuses on how water and minerals behave under intense pressure, knowledge that is critical for understanding whether other planetary environments might support life.

"The watery layer on Titan is so thick, the pressure is so immense, that the physics of water changes. Water and ice behave in a different way than sea water here on Earth," Journaux said.

At his planetary cryo-mineral physics laboratory at UW, researchers have spent years developing methods to recreate the extreme conditions found on other worlds. Using this work, Journaux provided Petricca and his colleagues with data describing how water and ice are expected to behave deep inside Titan.

"We could help them determine what gravitational signal they should expect to see based on the experiments made here at UW," Journaux said. "It was very rewarding."

What Slush Could Mean for Life on Titan

"The discovery of a slushy layer on Titan also has exciting implications for the search for life beyond our solar system," Jones said. "It expands the range of environments we might consider habitable."

While the idea of a vast ocean once fueled optimism about life on Titan, the researchers suggest the updated picture may actually improve the odds. Their analysis indicates that Titan's freshwater pockets could reach temperatures as high as 68 degrees Fahrenheit. In these smaller volumes of water, nutrients would be more concentrated than in a large ocean, potentially making it easier for simple life forms to survive.

Although scientists do not expect to find fish swimming through Titan's slushy channels, any life discovered there might resemble organisms found in Earth's polar regions.

Journaux is also part of NASA's upcoming Dragonfly mission to Titan, which is scheduled to launch in 2028. The findings from this study will help inform that mission, and Journaux hopes future data will provide both evidence of life and a definitive answer about the presence of an ocean beneath Titan's ice.

Co-authors include Steven D. Vance, Marzia Parisi, Dustin Buccino, Gael Cascioli, Julie Castillo-Rogez, Mark Panning and Jonathan I. Lunine from NASA; Brynna G. Downey at Southwest Research Institute; Francis Nimmo and Gabriel Tobie from the University of Nantes; Andrea Magnanini from the University of Bologna; Amirhossein Bagheri from the California Institute of Technology and Antonio Genova from Sapienza University of Rome.

This research was funded by NASA, the Swiss National Science Foundation and the Italian Space Agency.
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Scientists unlocked a superconductor mystery under crushing pressure | ScienceDaily
Superconductors are materials that allow electrical current to flow with no resistance. This unique ability makes them extremely valuable for technologies such as efficient power transmission, energy storage, magnetic levitation systems, and quantum computers.


						
The challenge is that superconductivity usually occurs only at very low temperatures, far below everyday conditions. This limitation has prevented widespread practical use. That picture began to change with the discovery of superconductivity in hydrogen-rich materials. Hydrogen sulfide (H3S) becomes superconducting at 203 Kelvin (-70degCelsius), while lanthanum decahydrid (LaH10) reaches superconductivity at 250 Kelvin (-23degCelsius). These temperatures are far higher than those of earlier superconductors and are above the boiling point of liquid nitrogen, which is why scientists classify them as high temperature superconductors. Their discovery marked a major step toward the long-standing goal of room-temperature superconductivity.

The Superconducting Gap and Why It Is Crucial

At the heart of superconductivity is a feature known as the superconducting gap. This property reveals how electrons join together to form the superconducting state and serves as a clear signature that distinguishes a superconductor from an ordinary metal.

Understanding the superconducting gap is essential because it directly reflects how electrons interact inside the material. Without measuring this gap, scientists cannot fully explain why a material becomes superconducting or what mechanism makes resistance disappear.

Why Measuring Hydrogen Superconductors Is So Difficult

Despite their importance, hydrogen-rich superconductors such as H3S have been extremely challenging to study. These materials can only be created under enormous pressures that exceed atmospheric pressure by more than a million times. Because of these extreme conditions, widely used techniques like scanning tunneling spectroscopy and angle-resolved photoemission spectroscopy cannot be applied.




As a result, the superconducting gap in these materials had remained unmeasured, leaving a major gap in scientists' understanding of how high-temperature superconductivity works in hydrogen-rich compounds.

A New Tunneling Technique Breaks the Barrier

To solve this problem, researchers at the Max Planck Institute in Mainz developed a planar electron tunneling spectroscopy method that can operate under these extreme pressures. This new approach made it possible to directly probe the superconducting gap in H3S for the first time.

With this technique, the team obtained a clear picture of the superconducting state in hydrogen-rich materials, overcoming a barrier that had limited progress in the field for years.

What the Measurements Revealed

The researchers found that H3S has a fully open superconducting gap of approximately 60 millielectronvolt (meV). They also studied its deuterium counterpart, D3S, which showed a smaller gap of about 44 meV. Deuterium is a hydrogen isotope and has one more neutron.




This difference is significant because it confirms that superconductivity in H3S is driven by interactions between electrons and phonons. Phonons are quantized vibrations of a material's atomic lattice. The results support long-standing theoretical predictions about the mechanism behind superconductivity in hydrogen-rich compounds.

Why This Breakthrough Matters

For the researchers in Mainz, the achievement goes beyond technical success. It provides a foundation for uncovering the fundamental origins of high-temperature superconductivity in hydrogen-based materials. "We hope that by extending this tunneling technique to other hydride superconductors, the key factors that enable superconductivity at even higher temperatures can be pinpointed. This should ultimately enable the development of new materials that can operate under more practical conditions," states Dr. Feng Du, first author of the now published study.

Dr. Mikhail Eremets, a leading figure in high-pressure superconductivity research who deceased in November 2024, described the study as "the most important work in the field of hydride superconductivity since the discovery of superconductivity in H3S in 2015." Vasily Minkov, project leader of High-Pressure Chemistry and Physics at the Max Planck Institute for Chemistry, added: "Mikhail s vision of superconductors operating at room temperature and moderate pressures comes a step closer to reality through this work."

A Brief History of Superconductivity

Superconductivity refers to the ability of certain materials to conduct electrical current without resistance. It was first discovered in pure mercury in 1911 by Heike Kamerlingh Onnes. For many decades, scientists believed this phenomenon could only occur at temperatures near absolute zero (-273 degC).

That assumption changed in the late 1980s when Georg Bednorz and Karl Alexander Muller discovered copper-oxide superconductors, also known as cuprates, that exhibited high-temperature superconductivity under normal atmospheric pressure. This discovery sparked worldwide research efforts.

Over time, scientists reached critical temperatures (Tc) of about 133 K at ambient pressure and 164 K under high pressure. Progress then stalled until hydrogen-rich compounds entered the picture.

Hydrogen-Rich Materials Push the Limits

The discovery of superconductivity in H3S at megabar pressures, with a Tc = 203 K by the research group led by Dr. Mikhail Eremets, represented a turning point. Soon after, even higher critical temperatures were observed in hydrogen-rich metal hydrides such as YH9 (Tc [?] 244 K) and LaH10 (Tc [?] 250 K).

Current theoretical models now suggest that superconductivity above room temperature may be possible in several hydrogen-dominated systems when subjected to extreme pressure.

Cooper Pairs and the Meaning of the Superconducting Gap

In normal metals, electrons near the Fermi level can move freely. The Fermi level represents the highest energy level electrons can occupy in a solid at absolute zero. When a material becomes superconducting, electrons instead form paired states known as Cooper pairs and enter a collective quantum state.

In this state, paired electrons move together without scattering off phonons or impurities in the crystal lattice, which eliminates electrical resistance. This pairing creates an energy gap near the Fermi level called the superconducting gap. The gap represents the minimum energy required to break a Cooper pair and plays a protective role by stabilizing the superconducting state against disturbances.

The superconducting gap is a defining feature of superconductivity. Its size and symmetry provide critical insight into how electrons interact and pair, making it a key fingerprint of the underlying superconducting mechanism.
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Scientists found climate change hidden in old military air samples | ScienceDaily
By examining DNA preserved in decades-old air samples collected by the Swedish Armed Forces, scientists at Lund University in Sweden have uncovered clear evidence that the seasonal release of spores by northern mosses has changed dramatically over the last 35 years. The research shows that moss spores are now released several weeks earlier than they were in the past, highlighting how quickly natural systems can adjust as the climate warms.


						
Air sampling in Sweden began in the 1960s as part of efforts to monitor radioactive fallout from nuclear weapons testing. At the time, the goal was strictly related to national security, not ecology. Yet the glass fiber filters used to trap airborne particles also preserved traces of DNA from pollen, spores, and other microscopic biological material. This unexpected scientific resource was identified by Per Stenberg, a researcher at Umea University.

"The samples have proved to be an unexpected, unique and very exciting archive of DNA from wind-dispersed biological particles," says Nils Cronberg, a botany researcher at Lund University.

Moss spores are appearing weeks earlier than before

Using this archive, the research team tracked changes in airborne moss spores across a 35-year period, focusing on 16 different moss species and groups. Their analysis revealed a striking shift. On average, mosses now begin releasing spores about four weeks earlier than they did in 1990, and the peak of spore dispersal arrives roughly six weeks sooner.

"It's a considerable difference, especially considering that summer is so short in the north," says Nils Cronberg.

Last year's climate matters more than spring weather

The findings point to warmer autumns as a key driver of the shift. When autumn temperatures stay higher for longer, mosses have more time to develop their spore capsules before winter arrives. This extra development time gives the plants a biological kick-start, allowing spores to be released earlier once spring begins. One of the most unexpected results was what did not influence spore timing.




"We had expected that snow thaw or air temperature in the same year as spore dispersal would be crucial, but climate conditions the year before were shown to be the most important factor," says Fia Bengtsson, formerly a researcher in botany at Lund University, who is now at the Norwegian Institute for Nature Research.

A new way to track long-term ecological change

Beyond documenting rapid ecological responses to climate change, the study introduces a powerful new approach for studying how plants and animals have changed over time. The same DNA-based method can be applied to other species that release biological material into the air. Because air samples have been collected from locations across Sweden, researchers can reconstruct ecological shifts over decades and compare trends from north to south.

"We anticipate that our results and knowledge about how nature has changed from the 1970s onwards will be part of the next report by the Intergovernmental Panel on Climate Change (IPCC) on the documented effects of climate change," concludes Nils Cronberg.
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Astrophysicists map the invisible universe using warped galaxies | ScienceDaily
In today's leading model of cosmology, most of the universe is invisible: about 95 percent of the universe is made up of dark matter and dark energy. Scientists still do not know what either one actually is, but their influence is unmistakable. Dark matter provides extra gravity that helps shape galaxies and clusters, while dark energy is linked to the universe's accelerating expansion. Because these ingredients do not emit light, researchers learn about them by tracking how they affect the visible universe. Astrophysicists at the University of Chicago did exactly that by studying a new region of sky in order to better understand the hidden cosmos.


						
Between 2013 and 2019, the Dark Energy Survey (DES) gathered observations with the Dark Energy Camera (DECam) on the 4-meter Blanco Telescope at the Cerro Tololo Inter-American Observatory in Chile. Over that period, DES measured and calibrated the shapes of more than 150 million galaxies across 5,000 square degrees (about an eighth) of the sky. Those galaxy shape measurements help scientists refine estimates of how mass is spread through the universe and how dark energy behaves.

DES has also played a role in a major recent puzzle involving the Lambda-CDM (LCDM) model, the standard framework used to describe the universe. Some studies of the nearby universe using galaxy surveys such as DES have seemed to disagree with predictions based on the early universe, which are inferred from the cosmic microwave background (CMB) -- the leftover radiation from the Big Bang.

Although DECam was built to support DES, it also collected many images outside the main DES footprint. In a new set of papers in the Open Journal of Astrophysics, UChicago astrophysicists used those additional observations and nearly doubled the number of galaxies with measured shapes by adding data from thousands of square degrees beyond the DES region. Because these images were not originally captured for weak lensing work, the expanded data set offers an independent way to recheck the earlier LCDM inconsistencies.

Weak gravitational lensing and why galaxy shapes matter

Gravitational lensing happens when mass bends light, and it is one of the most powerful tools for studying where mass sits in the universe. That includes ordinary matter as well as dark matter, and it can also shed light on dark energy's role, said Chihway Chang, associate professor of Astronomy and Astrophysics and lead of the Dark Energy Camera All Data Everywhere (DECADE) weak lensing cosmic shear project.

In weak gravitational lensing, galaxies do not look dramatically stretched. Instead, their shapes appear just slightly distorted (sheared) because their light passes through and around matter on its way to Earth. The signal is extremely small, so researchers rely on statistical methods to detect it.




"Weak lensing measurements are best at probing the 'clumpiness' of matter," said Dhayaa Anbajagane, a PhD student in Astronomy and Astrophysics who is lead analyst and first author on the series of DECADE papers. "Quantifying this clumpiness sheds light on the origin and evolution of structures like galaxies and galaxy clusters. This is loosely akin to measuring the distribution of people (the matter) living across a region and using that to understand features such as the landscape's topography or the location or age of urban areas (factors that influence the origin and evolution of structures)."

Measuring galaxy distances and testing the standard cosmology model

For the DECADE work, the researchers measured the shapes of more than 100 million galaxies. They also estimated how far away those galaxies are by analyzing how much each galaxy's light shifts toward red wavelengths (redshift). That shift shows how quickly a galaxy is moving away, and it can be used to calculate its distance from Earth.

With galaxy shapes and distances in hand, the team fit the LCDM model to the observations. LCDM is the widely used cosmology model that accounts for dark energy, dark matter, ordinary matter, neutrinos, and radiation. "This is a well-tested model that has survived many, many examinations in the past decade, and our data point is going to add to that story," said Chang.

The DECADE results show that cosmic structure growth matches what LCDM predicts, aligning with earlier weak lensing studies. "In addition, when comparing our constraints with those derived and extrapolated from the early universe's CMB, we also agree well," said Chang. "This last point has been a source of debate over the past five or so years, and with our new results, we can say that we do not see tension between weak lensing and CMB."

"We are also able to combine the DECADE lensing measurements with those of DES, resulting in a galaxy lensing analysis that uses the largest number of galaxies (270 million) covering the widest patch of sky (13,000 square degrees) to date," said Anbajagane. "Given this large amount of data, we can make particularly conservative choices in our analysis -- such as only making or using the measurements we trust most, rather than all useful or possible measurements -- and still make a measurement with enough precision to meaningfully inform our comparisons with the CMB."

An unconventional survey built from archival telescope images




DECADE provides an independent check on whether weak lensing results agree with CMB-based expectations, using a different part of the sky than DES but at a comparable scale. Alex Drlica-Wagner, Scientist at Fermilab and UChicago associate professor in Astronomy and Astrophysics who led the DECADE observing campaign, noted that success was not guaranteed at the outset. "It was not clear that the DECADE dataset would be of sufficient quality to perform a cosmological analysis, but we have shown that it can indeed produce robust results," he said.

A standout feature of the project involved image quality decisions, Anbajagane explained. Traditional weak lensing surveys collect close to a hundred thousand purpose-built images over many years, and many frames are rejected when they fail strict standards. "The DECADE project is unique as it repurposes archival data -- images originally taken by the astronomy community for a wide variety of science goals, from studying dwarf galaxies to stars to distant galaxy clusters -- and uses significantly more permissive criteria for image quality. Our work shows robust lensing analyses can be done even if we do not have lensing-dedicated imaging campaigns," he said.

That approach could influence how researchers handle future weak lensing studies, including work based on theVera C. Rubin Legacy Survey of Space and Time (Rubin LSST) survey. Using a larger share of available images could boost the precision of cosmological measurements. The team's ability to use archival images also depended heavily on careful image inspection, led by Chin Yi Tan, a PhD student in Physics.

A massive public galaxy catalog and global collaboration

Combined with DES, the final catalog covers about one-third of the sky (13,000 square degrees) and includes 270 million galaxies. The catalog was released to the scientific community this fall, and researchers have already begun using the images for other studies, including work on dwarf galaxies and new maps of the universe's mass. "We're actively working on applying other analysis methods to our data alongside experts at theKavli Institute for Cosmological Physics," said Anbajagane.

The DECADE analysis brought together scientists from UChicago, Fermilab, and NCSA at UIUC, along with collaborators from Argonne, UW-Madison, and many other institutions worldwide. "It was quite special to have these different components all sitting in the hallway," said Chang. "It also allowed us to learn from each other -- and resulted in an unexpected but wonderful outcome of this project."
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This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules | ScienceDaily
In the damp shade beneath moss-covered trees, high in the mountains of Taiwan and mainland Japan or deep within the subtropical forests of Okinawa, an unusual organism quietly grows. At first glance, it resembles a mushroom. In reality, it is a plant called Balanophora, and it possesses some of the smallest flowers and seeds known in the plant world.


						
Unlike most plants, Balanophora contains no chlorophyll and cannot perform photosynthesis. It also lacks a conventional root system to draw water from the soil. Instead, it survives entirely by attaching itself to the roots of specific nearby trees and stealing the nutrients it needs. Some species and populations take this strangeness even further by producing seeds without fertilization -- a reproductive strategy that is extremely rare among plants.

Scientists uncover the secrets of a long-mysterious plant

The genus Balanophora takes its name from its acorn-like appearance (Greek: balanos, acorn; phoros, bearing), and it has puzzled scientists for generations. Because the plant is rare and restricted to highly specific habitats that are increasingly threatened by human activity, most research has been limited to isolated populations.

That is now changing. A collaborative team from the Okinawa Institute of Science and Technology (OIST), Kobe University, and the University of Taipei has conducted a broad survey of Balanophora across its scattered and hard-to-reach habitats. Their findings, published in New Phytologist, trace the plant's evolutionary history, reveal how its internal structures have adapted to a parasitic lifestyle, and open new doors for future research into this unusual lineage.

As study lead author Dr. Petra Svetlikova, Science and Technology Associate at OIST, explains: "Balanophora has lost much of what defines it as a plant, but retained enough to function as a parasite. It's a fascinating example of how something so strange can evolve from an ancestor that looked like a normal plant with leaves and a normal root system."

Shrinking plastids and life without photosynthesis

Parasitic plants often undergo dramatic internal changes as they become more dependent on their hosts. One common trend is the reduction or loss of plastids -- a category of plant organelles that includes chloroplasts, which enable photosynthesis in most plants.




Even though Balanophora relies completely on its host trees for nutrition, the researchers found that it has not eliminated its plastids. Instead, these structures have been pared down to a minimal form. While non-parasitic plants may use up to 200 genes to build and maintain plastids, Balanophora retains only about 20. Despite this extreme reduction, more than 700 proteins are still transported into these plastids from the surrounding cell, indicating that they continue to perform essential functions.

Professor Filip Husnik, head of the Evolution, Cell Biology, and Symbiosis Unit at OIST, notes the surprise of this discovery. "That Balanophora plastids are still involved in the biosynthesis of many compounds unrelated to photosynthesis was surprising. It implies that the order and timing of plastid reduction in non-photosynthetic plants is similar to other eukaryotes, such as the malaria-causing parasite, Plasmodium, which originated from a photosynthetic ancestor."

An ancient lineage shaped by islands

By examining samples from many different populations, the team reconstructed the evolutionary tree of Balanophora and traced how it spread across subtropical regions of East Asia. The plant belongs to the family Balanophoraceae, one of the oldest known groups of fully parasitic plants.

This family began diversifying during the mid-Cretaceous period, roughly 100 million years ago -- making it one of the earliest land plant lineages to abandon photosynthesis entirely.

Reproduction without sex and the risks of survival

Balanophora's reproductive strategies are just as unusual as its appearance and lifestyle. Reproductive methods vary widely between species and even between populations. Some require fertilization to produce seeds, while others can also reproduce without fertilization, a process known as facultative agamospermy. In the most extreme cases, some species are obligately agamospermous, meaning they never reproduce sexually at all.




"Obligate agamospermy is exceedingly rare in the plant kingdom, because it typically carries a lot of negative downsides -- lack of genetic diversity, accumulation of bad mutations, dependence on specific conditions, higher extinction risk, and so on," says Dr. Svetlikova. "Fascinatingly, we found that the obligately agamospermous Balanophora species were all island species -- and we speculate that more Balanophora species may be facultative, or even obligate, agamosperms."

One advantage of this reproductive approach is that a single female plant can establish a new population after reaching an island. This ability allows Balanophora to spread quickly into the narrow ecological niche it prefers: dark, moist forest undergrowth where few other plants can survive.

A fragile future for a highly specialized plant

Despite its ability to clone itself, Balanophora is extremely selective about its hosts. Each population typically parasitizes only a small number of tree species. This specialization makes the plant especially vulnerable to environmental change.

Dr. Svetlikova emphasizes the importance of collaboration and conservation. "We're very thankful to our collaborators Dr. Huei-Jiun Su and Dr. Kenji Suetsugu, experts on parasitic plants, for their help in sampling the studied Balanophora species, and to local authorities in Okinawa that allowed us to study these extraordinary plants," she says. "Most known habitats of Balanophora are protected in Okinawa, but the populations face extinction by logging and unauthorized collection. We hope to learn as much as we can about this fantastic, ancient plant before it's too late. It serves as a reminder of how evolution continues to surprise us."
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Is a vegan diet safe for kids? A huge study has answers | ScienceDaily
Carefully planned vegetarian and vegan diets can support healthy growth in children when appropriate supplements are included, according to a major new meta-analysis, the most comprehensive review to date of plant-based diets in young people.


						
Researchers from Italy, USA and Australia examined health, growth, and nutritional outcomes in more than 48,000 children and adolescents around the world who followed different eating patterns. Their findings show that vegetarian and vegan diets can provide many important nutrients and support normal development. At the same time, the analysis highlights a higher risk of nutrient shortfalls when key nutrients are not supplied through fortified foods or supplements.

The peer-reviewed research, published in Critical Reviews in Food Science and Nutrition, also indicates that plant-based diets may offer added health advantages for children. These include improved markers of cardiovascular health when compared with omnivorous diets that include meat, fish, and other animal-derived foods.

Inside the Largest Analysis of Its Kind

This large meta-analysis reviewed data from 59 studies conducted across 18 countries, making it the most extensive evaluation so far of plant-based diets in children under 18 years of age. The researchers compared lacto-ovo-vegetarian (which include dairy products and eggs, but exclude meat, fish and poultry) and vegan diets (which exclude all animal-derived foods) with omnivorous diets across a broad range of nutritional and health measures.

The analysis included 7,280 lacto-ovo-vegetarians, 1,289 vegans, and 40,059 omnivores, allowing researchers to assess differences in nutrient intake, growth, and overall health.

Vegetarian children were found to consume higher amounts of fiber, iron, folate, vitamin C, and magnesium than omnivorous children. However, they also had lower intakes of energy, protein, fat, vitamin B12, and zinc. Although fewer studies focused specifically on vegan children, similar nutritional patterns were observed.




Key Nutrient Gaps to Watch

"Notably, vitamin B12 didn't reach adequate levels without supplementation or fortified foods, and calcium, iodine and zinc intakes were often at the lower end of recommended ranges, making them important nutrients to consider for children on plant-based diets," explains the study co-author Dr. Jeannette Beasley, an Associate Professor in the Departments of Nutrition and Food Studies and Medicine at New York University.

"Vegan children, in particular, had especially low calcium intake."

Health Benefits and Body Composition

Despite concerns around nutrient intake, both vegetarian and vegan children showed more favorable cardiovascular health profiles than omnivores. In particular, they had lower levels of total cholesterol and low-density lipoprotein (LDL) cholesterol, often referred to as the "unhealthy" form of cholesterol.

Measurements of growth and body composition revealed that children following plant-based diets tended to be leaner. Vegetarian children were slightly shorter and lighter on average, with lower body mass index (BMI), fat mass, and bone mineral content. Vegan children also had shorter stature and lower BMI scores compared with omnivores.




"Our analysis of current evidence suggests that well-planned and appropriately supplemented vegetarian and vegan diets can meet nutritional requirements and support healthy growth in children," states lead-author Dr. Monica Dinu, who focuses on exploring how nutrition shapes health and well-being at the Department of Experimental and Clinical Medicine, at the University of Florence, in Italy.

Guidance for Parents Considering Plant Based Diets

Plant based diets remain a viable option for children and can offer both health and environmental benefits. The researchers emphasize that families should not be discouraged from choosing vegetarian or vegan diets for ethical, environmental, or health reasons.

Instead, they advise parents to plan these diets carefully and, when possible, seek guidance from clinicians such as dietitians and paediatric health professionals. Paying attention to a small number of key nutrients can help ensure children's nutritional needs are met during critical periods of growth while minimizing potential risks.

"We hope these findings offer clearer guidance on both the benefits and potential risks of plant-based diets, helping the growing number of parents choosing these diets for health, ethical or environmental reasons," Dr. Dinu adds.

Why More Research Is Still Needed

The authors also highlight the importance of developing clear, evidence-based recommendations to help families plan healthy plant-based diets for children, especially during stages of rapid growth and development when nutritional demands are higher.

At the same time, the researchers caution that the findings have limitations. Many of the studies included were cross-sectional, methods and populations varied widely, and accurately measuring children's dietary intake remains challenging.

"In conclusion," says fellow co-author Dr. Wolfgang Marx, from the Food & Mood Centre, at Deakin University, Australia, "while well-planned vegetarian and vegan diets are nutritionally adequate and beneficial for adults, there is far less clarity about their suitability for children -- leading to inconsistent or even conflicting advice for parents.

"Our findings suggest that a balanced approach is essential, with families paying close attention to certain nutrients -- particularly vitamin B12, calcium, iodine, iron and zinc -- to ensure their children get everything they need to thrive."
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Deaths of despair were rising long before opioids | ScienceDaily
A new study suggests that falling participation in organized religion among middle-aged white Americans with lower levels of education may have contributed to the rise in so-called "deaths of despair." These deaths include fatalities linked to drug overdoses, suicide, and alcoholic liver disease.


						
The researchers found a clear pattern at the state level. States that experienced the sharpest drops in church attendance between 1985 and 2000 also saw the largest increases in deaths from these causes during the same period.

A Trend That Began Before the Opioid Crisis

Deaths of despair are often associated with the arrival of OxyContin and other powerful opioids in the late 1990s. However, the new analysis indicates that the upward trend started earlier, at the same time religious participation began to decline.

"What we see in this study is the beginning of the story, before opioids became a major issue, and it shows rises in deaths of despair were already beginning to happen when the opioid crisis hit," said Tamar Oostrom, co-author of the study and an assistant professor of economics at The Ohio State University.

Oostrom worked on the research with Tyler Giles of Wellsley College and Daniel Hungerman of the University of Notre Dame. The study was published online in the Journal of the European Economic Association.

Data Sources and Affected Populations

The research team combined survey data on religious involvement from the General Social Surveys with mortality records from the Centers for Disease Control and Prevention.




Their findings showed that the decline in religious participation was concentrated among white, middle-aged adults without a college degree. This was the same group that experienced the most pronounced increases in deaths of despair, Oostrom said.

The relationship between lower church attendance and higher mortality appeared consistently across genders and was seen in both rural and urban areas of the United States.

Blue Laws and Changes in Church Attendance

To strengthen their findings, the researchers examined the repeal of "blue laws," which had previously restricted many businesses from operating on Sundays. These laws limited competition with church attendance by reducing alternative activities.

A major wave of repeals took place in 1985, when Minnesota, South Carolina, and Texas eliminated their blue laws. The researchers compared outcomes in those states with others that did not make similar changes at that time.

The analysis showed that repealing blue laws led to a 5- to 10-percentage-point drop in weekly attendance at religious services. In later years, those same states also experienced higher rates of deaths of despair.




Mortality Trends Before and After Opioids

Oostrom noted that deaths of despair among middle-aged white Americans had been steadily declining from the late 1970s through the early 1990s. That decline eventually stalled, a shift that aligns with both falling church attendance and the repeal of blue laws.

After OxyContin was introduced in 1996, mortality rates rose sharply.

"OxyContin and the opioid crisis made a bad situation worse, but the deaths of despair were already on the rise," Oostrom said.

Why Churchgoing May Matter for Health

The study raises an important question: how could lower church attendance contribute to higher death rates?

Oostrom explained that people who stop attending religious services often lose social ties, which past research has shown play a crucial role in physical and mental health. However, the findings suggest that social connection alone does not fully explain the pattern.

The researchers did not observe similar declines in other types of social activities during the same period when church attendance was falling.

"Religion may provide some way of making sense of the world, some sense of identity in relation to others, that can't easily be replaced by other forms of socialization," Oostrom said.

She also emphasized that belief itself did not fade during the years studied.

"What changed is whether people identified as religious and whether they go to church. Those are the things that matter when it comes to deaths of despair," she said.

Can Community Participation Reverse the Trend?

The findings raise the possibility that renewed involvement in religious organizations or even secular community groups might help counter rising mortality rates. However, the authors caution that existing evidence does not offer much optimism.

"To our knowledge, findings on this point have so far been pessimistic," the researchers wrote.

Oostrom added that there is no clear sign that broader declines in community participation are reversing. She also noted that the positive effects of religious involvement on life satisfaction are difficult to reproduce through other forms of social engagement.

The growing role of social media in the 21st century may further reduce the likelihood of a meaningful reversal, she said.

"People are less religious now, and there hasn't been a substitute that provides what religion provided to many people. And our paper suggests this could have long-term impacts on health and mortality," Oostrom said.
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The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's | ScienceDaily
When people picture DNA, they often imagine a set of genes that shape our physical traits, influence behavior, and help keep our cells and organs functioning.


						
But genes make up only a small slice of our genetic code. Just around 2% of DNA contains our 20,000-odd genes. The other 98% has long been labelled the non-coding genome, or so-called 'junk' DNA. This larger portion includes many of the control switches that determine when genes turn on and how strongly they act.

Astrocytes and hidden DNA switches in the brain

Researchers from UNSW Sydney have now pinpointed DNA switches that help regulate astrocytes. Astrocytes are brain cells that support neurons, and they are known to be involved in Alzheimer's disease.

In research published on December 18 in Nature Neuroscience, a team from UNSW's School of Biotechnology & Biomolecular Sciences reported that they tested nearly 1000 possible switches in lab-grown human astrocytes. These switches are strings of DNA called enhancers. Enhancers can sit far from the genes they influence, sometimes separated by hundreds of thousands of DNA letters, which makes them difficult to investigate.

Testing nearly 1000 enhancers at once

To tackle that problem, the researchers combined CRISPRi with single-cell RNA sequencing. CRISPRi is a method that can switch off small stretches of DNA without cutting it. Single-cell RNA sequencing measures gene activity in individual cells. Together, the tools let the team examine the effects of nearly 1000 enhancers in a single large-scale test.




"We used CRISPRi to turn off potential enhancers in the astrocytes to see whether it changed gene expression," says lead author Dr. Nicole Green.

"And if it did, then we knew we'd found a functional enhancer and could then figure out which gene -- or genes -- it controls. That's what happened for about 150 of the potential enhancers we tested. And strikingly, a large fraction of these functional enhancers controlled genes implicated in Alzheimer's disease."

Cutting the list from 1000 candidates to about 150 confirmed switches greatly reduces the search area in the non-coding genome for genetic clues linked to Alzheimer's disease.

"These findings suggest that similar studies in other brain cell types are needed to highlight the functional enhancers in the vast space of non-coding DNA"

Why "in-between" DNA matters for many diseases

Professor Irina Voineagu, who oversaw the study, says the results also provide a useful reference for interpreting other genetic research. The team's findings create a catalogue of DNA regions that can help explain results from studies looking for disease-related genetic changes.




"When researchers look for genetic changes that explain diseases like hypertension, diabetes and also psychiatric and neurodegenerative disorders like Alzheimer's disease -- we often end up with changes not within genes so much, but in-between," she says.

Her team directly tested those "in-between" stretches in human astrocytes and showed which enhancers truly control key brain genes.

"We're not talking about therapies yet. But you can't develop them unless you first understand the wiring diagram. That's what this gives us -- a deeper view into the circuitry of gene control in astrocytes."

From gene switches to AI prediction models

Running nearly a thousand enhancer tests in the lab took painstaking effort. The researchers say this is the first time a CRISPRi enhancer screen of this size has been carried out in brain cells. Now that the groundwork has been done, the dataset can also be used to train computer models to predict which suspected enhancers are real gene switches, potentially saving years of lab work.

"This dataset can help computational biologists test how good their prediction models are at predicting enhancer function," says Prof. Voineagu.

She adds that Google's DeepMind team is already using the dataset to benchmark their recent deep learning model called AlphaGenome.

Potential tools for gene therapy and precision medicine

Because many enhancers are active only in specific cell types, targeting them could offer a way to fine-tune gene expression in astrocytes without changing neurons or other brain cells.

"While this is not close to being used in the clinic yet -- and much work remains before these findings could lead to treatments -- there is a clear precedent," Prof. Voineagu says.

"The first gene editing drug approved for a blood disease -- sickle cell anemia -- targets a cell-type specific enhancer."

Dr. Green says enhancer research could become an important part of precision medicine.

"This is something we want to look at more deeply: finding out which enhancers we can use to turn genes on or off in a single brain cell type, and in a very controlled way," she says.
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        A Christmas tree 80 light-years wide appears in space
        This Christmas, astronomers are highlighting a spectacular region of space that looks remarkably like a glowing holiday tree. Known as NGC 2264, this distant star-forming region sits about 2,700 light-years away and is filled with newborn stars lighting up clouds of gas and dust. The stars form a triangular shape called the Christmas Tree cluster, crowned by the dramatic Cone Nebula and wrapped in the swirling Fox Fur Nebula below. Together, these features create a festive cosmic scene spanning n...

      

      
        Astronomers discover one of the Universe's largest spinning structures
        Scientists have discovered a giant cosmic filament where galaxies spin in sync with the structure that holds them together. The razor-thin chain of galaxies sits inside a much larger filament that appears to be slowly rotating as a whole. This coordinated motion is far stronger than expected by chance and hints that galaxy spin may be inherited from the cosmic web itself. The finding opens a new window into how galaxies formed and how matter flows across the Universe.

      

      
        Oceans are supercharging hurricanes past Category 5
        Deep ocean hot spots packed with heat are making the strongest hurricanes and typhoons more likely--and more dangerous. These regions, especially near the Philippines and the Caribbean, are expanding as climate change warms ocean waters far below the surface. As a result, storms powerful enough to exceed Category 5 are appearing more often, with over half occurring in just the past decade. Researchers say recognizing a new "Category 6" could improve public awareness and disaster planning.

      

      
        This popular painkiller may do more harm than good
        Tramadol, a popular opioid often seen as a "safer" painkiller, may not live up to its reputation. A large analysis of clinical trials found that while it does reduce chronic pain, the relief is modest--so small that many patients likely wouldn't notice much real-world benefit. At the same time, tramadol was linked to a significantly higher risk of serious side effects, especially heart-related problems like chest pain and heart failure, along with common issues such as nausea, dizziness, and sleep...

      

      
        Scientists found a way to restore brain blood flow in dementia
        A new study suggests that dementia may be driven in part by faulty blood flow in the brain. Researchers found that losing a key lipid causes blood vessels to become overactive, disrupting circulation and starving brain tissue. When the missing molecule was restored, normal blood flow returned. This discovery opens the door to new treatments aimed at fixing vascular problems in dementia.

      

      
        What are asteroids really made of? New analysis brings space mining closer to reality
        Scientists are digging into the hidden makeup of carbon-rich asteroids to see whether they could one day fuel space exploration--or even be mined for valuable resources. By analyzing rare meteorites that naturally fall to Earth, researchers have uncovered clues about the chemistry, history, and potential usefulness of these ancient space rocks. While large-scale asteroid mining is still far off, the study highlights specific asteroid types that may be promising targets, especially for water extrac...

      

      
        New technology eliminates "forever chemicals" with record-breaking speed and efficiency
        A new eco-friendly technology can capture and destroy PFAS, the dangerous "forever chemicals" found worldwide in water. The material works hundreds to thousands of times faster and more efficiently than current filters, even in river water, tap water, and wastewater. After trapping the chemicals, the system safely breaks them down and refreshes itself for reuse. It's a rare one-two punch against pollution: fast cleanup and sustainable destruction.

      

      
        Scientists say evolution works differently than we thought
        A major evolutionary theory says most genetic changes don't really matter, but new evidence suggests that's not true. Researchers found that helpful mutations happen surprisingly often. The twist is that changing environments prevent these mutations from spreading widely before they become useless or harmful. Evolution, it turns out, is less about reaching perfection and more about endlessly chasing a moving target.

      

      
        What you eat could decide the planet's future
        What we put on our plates may matter more for the climate than we realize. Researchers found that most people, especially in wealthy countries, are exceeding a "food emissions budget" needed to keep global warming below 2degC. Beef alone accounts for nearly half of food-related emissions in Canada. Small changes--less waste, smaller portions, and fewer steaks--could add up to a big climate win.

      

      
        Scientists reverse Alzheimer's in mice and restore memory
        Alzheimer's has long been considered irreversible, but new research challenges that assumption. Scientists discovered that severe drops in the brain's energy supply help drive the disease--and restoring that balance can reverse damage, even in advanced cases. In mouse models, treatment repaired brain pathology, restored cognitive function, and normalized Alzheimer's biomarkers. The results offer fresh hope that recovery may be possible.

      

      
        Why consciousness can't be reduced to code
        The familiar fight between "mind as software" and "mind as biology" may be a false choice. This work proposes biological computationalism: the idea that brains compute, but not in the abstract, symbol-shuffling way we usually imagine. Instead, computation is inseparable from the brain's physical structure, energy constraints, and continuous dynamics. That reframes consciousness as something that emerges from a special kind of computing matter, not from running the right program.

      

      
        AI supercharges scientific output while quality slips
        AI writing tools are supercharging scientific productivity, with researchers posting up to 50% more papers after adopting them. The biggest beneficiaries are scientists who don't speak English as a first language, potentially shifting global centers of research power. But there's a downside: many AI-polished papers fail to deliver real scientific value. This growing gap between slick writing and meaningful results is complicating peer review, funding decisions, and research oversight.

      

      
        We are living in a golden age of species discovery
        The search for life on Earth is speeding up, not slowing down. Scientists are now identifying more than 16,000 new species each year, revealing far more biodiversity than expected across animals, plants, fungi, and beyond. Many species remain undiscovered, especially insects and microbes, and future advances could unlock millions more. Each new find also opens doors to conservation and medical breakthroughs.

      

      
        Physicists found a way to make thermodynamics work in the quantum world
        More than 200 years ago, Count Rumford showed that heat isn't a mysterious substance but something you can generate endlessly through motion. That insight laid the foundation for thermodynamics, the rules that govern energy, work, and disorder. Now, researchers at the University of Basel are pushing those rules into the strange realm of quantum physics, where the line between useful energy and random motion becomes blurry.

      

      
        Your roommate's genes may be shaping your gut bacteria
        Scientists studying thousands of rats discovered that gut bacteria are shaped by both personal genetics and the genetics of social partners. Some genes promote certain microbes that can spread between individuals living together. When researchers accounted for this social sharing, genetic influence on the microbiome turned out to be much stronger than previously thought. The study suggests genes can affect others indirectly, without DNA ever being exchanged.

      

      
        Why evolution rewarded ants that sacrificed protection
        Some ants thrive by choosing numbers over strength. Instead of heavily protecting each worker, they invest fewer resources in individual armor and produce far more ants. Larger colonies then compensate with collective behaviors like group defense and coordinated foraging. The strategy has been linked to evolutionary success and greater species diversity.

      

      
        A new drug could stop Alzheimer's before memory loss begins
        New research suggests Alzheimer's may start far earlier than previously thought, driven by a hidden toxic protein in the brain. Scientists found that an experimental drug, NU-9, blocks this early damage in mice and reduces inflammation linked to disease progression. The treatment was given before symptoms appeared, targeting the disease at its earliest stage. Researchers say this approach could reshape how Alzheimer's is prevented and treated.

      

      
        This simulation reveals what really happens near black holes
        Black holes are among the most extreme objects in the universe, and now scientists can model them more accurately than ever before. By combining Einstein's gravity with realistic behavior of light and matter, researchers have built simulations that closely match real astronomical observations. These models reveal how matter forms chaotic, glowing disks and launches powerful outflows as it falls into black holes. It's a major step toward decoding how these cosmic engines actually work.

      

      
        This cancer-fighting molecule took 50 years to build
        MIT scientists have achieved the first-ever lab synthesis of verticillin A, a complex fungal compound discovered in 1970. Its delicate structure stalled chemists for decades, despite differing from related molecules by only two atoms. With the synthesis finally complete, researchers created new variants that showed strong activity against a rare pediatric brain cancer. The breakthrough could unlock an entire class of previously unreachable cancer-fighting molecules.

      

      
        This fish-inspired filter removes over 99% of microplastics
        Washing machines release massive amounts of microplastics into the environment, mostly from worn clothing fibers. Researchers at the University of Bonn have developed a new, fish-inspired filter that removes over 99% of these particles without clogging. The design mimics the funnel-shaped gill system used by filter-feeding fish, allowing fibers to roll away instead of blocking the filter. The low-cost, patent-pending solution could soon be built directly into future washing machines.

      

      
        Dinosaur bones found almost on top of each other in Transylvania
        Scientists exploring Romania's Hateg Basin have discovered one of the densest dinosaur fossil sites ever found, with bones lying almost on top of each other. The K2 site preserves thousands of remains from a prehistoric flood-fed lake that acted like a natural bone trap 72 million years ago. Alongside common local dinosaurs, researchers uncovered the first well-preserved titanosaur skeletons ever found in the region. The site reveals how ancient European dinosaur ecosystems formed and evolved in ...

      

      
        MIT scientists strip cancer of its sugar shield
        Scientists at MIT and Stanford have unveiled a promising new way to help the immune system recognize and attack cancer cells more effectively. Their strategy targets a hidden "off switch" that tumors use to stay invisible to immune defenses--special sugar molecules on the cancer cell surface that suppress immune activity. Early tests show it can supercharge immune responses and outperform current antibody therapies.

      

      
        Hidden brain maps that make empathy feel physical
        When we watch someone move, get injured, or express emotion, our brain doesn't just see it--it partially feels it. Researchers found eight body-like maps in the visual cortex that organize what we see in the same way the brain organizes touch. These maps help us instantly understand actions, emotions, and intentions in others. The discovery sheds light on human empathy and opens doors for new brain-based therapies and AI systems that better understand the body.

      

      
        Physicists made atoms behave like a quantum circuit
        Using ultracold atoms and laser light, researchers recreated the behavior of a Josephson junction--an essential component of quantum computers and voltage standards. The appearance of Shapiro steps in this atomic system reveals a deep universality in quantum physics and makes elusive microscopic effects visible for the first time.

      

      
        Are they really listening? Watch their blinks
        Your eyes may reveal when your brain is working overtime. Researchers found that people blink less when trying to understand speech in noisy environments, especially during the most important moments. The effect stayed the same in bright or dark rooms, showing it's driven by mental effort, not light. Blinking, it turns out, is a quiet marker of focused listening.

      

      
        Study links full-fat cheese to lower dementia risk
        Eating full-fat cheese and cream may be associated with a lower risk of dementia, according to a large study that tracked people for more than 25 years. Those who consumed higher amounts of these foods developed dementia less often than those who ate little or none. Interestingly, low-fat dairy products did not show the same pattern. Researchers caution that the findings show an association, not cause and effect.

      

      
        This AI finds simple rules where humans see only chaos
        A new AI developed at Duke University can uncover simple, readable rules behind extremely complex systems. It studies how systems evolve over time and reduces thousands of variables into compact equations that still capture real behavior. The method works across physics, engineering, climate science, and biology. Researchers say it could help scientists understand systems where traditional equations are missing or too complicated to write down.

      

      
        A traditional Brazilian plant shows unexpected strength against arthritis
        A Brazilian study has confirmed that Joseph's Coat, a plant used for generations in folk medicine, can significantly reduce inflammation and arthritis symptoms in lab tests. Researchers observed less swelling, healthier joints, and signs of tissue protection. Just as important, the extract showed a promising safety profile at tested doses. The discovery could pave the way for new plant-based anti-inflammatory treatments.

      

      
        Hidden seismic signals hint at a tsunami threat in Alaska
        Researchers studying a massive landslide in Alaska have detected strange seasonal seismic pulses caused by water freezing and thawing in rock cracks. These faint signals could become an important early clue to changes that might someday trigger a dangerous landslide-driven tsunami.

      

      
        Subaru Telescope reveals a hidden giant planet
        Astronomers have uncovered a massive hidden planet and a rare "failed star" by combining ultra-precise space data with some of the sharpest ground-based images ever taken. Using the Subaru Telescope in Hawai`i, the OASIS survey tracked subtle stellar wobbles to pinpoint where unseen worlds were lurking--then captured them directly.

      

      
        Parkinson's breakthrough changes what we know about dopamine
        A new study shows dopamine isn't the brain's movement "gas pedal" after all. Instead of setting speed or strength, it quietly enables movement in the background, much like oil in an engine. When scientists manipulated dopamine during movement, nothing changed--but restoring baseline dopamine levels made a big difference. The finding could reshape how Parkinson's disease is treated.

      

      
        Ancient sewers expose a hidden health crisis in Roman Britain
        Sediments from a Roman latrine at Vindolanda show soldiers were infected with multiple intestinal parasites, including roundworm, whipworm, and Giardia -- the first time Giardia has been identified in Roman Britain. These parasites spread through contaminated food and water, causing diarrhea, weakness, and long-term illness. Even with sewers and communal toilets, infections passed easily between soldiers. The discovery highlights how harsh and unhealthy life could be on Rome's northern frontier.

      

      
        What scientists found inside Titan was not what anyone expected
        For years, scientists thought Saturn's moon Titan hid a global ocean beneath its frozen surface. A new look at Cassini data now suggests something very different: a thick, slushy interior with pockets of liquid water rather than an open sea. A subtle delay in how Titan deforms under Saturn's gravity revealed this stickier structure. These slushy environments could still be promising places to search for life.

      

      
        Scientists unlocked a superconductor mystery under crushing pressure
        Superconductors promise loss-free electricity, but most only work at extreme cold. Hydrogen-rich materials changed that--yet their inner workings remained hidden because they only exist under enormous pressure. Now, researchers have directly measured the superconducting state of hydrogen sulfide using a novel tunneling method, confirming how its electrons pair so efficiently. The discovery brings room-temperature superconductors a step closer to reality.

      

      
        Scientists found climate change hidden in old military air samples
        Old military air samples turned out to be a treasure trove of biological DNA, allowing scientists to track moss spores over 35 years. The results show mosses now release spores up to a month earlier than in the 1990s. Even more surprising, the timing depends more on last year's climate than current spring conditions. It's a striking example of how fast ecosystems are adjusting to a warming world.

      

      
        Astrophysicists map the invisible universe using warped galaxies
        By studying tiny distortions in the shapes of distant galaxies, scientists mapped dark matter and dark energy across one of the largest sky surveys ever assembled. Their results back the standard picture of the universe and show that even archival telescope images can unlock cosmic mysteries.

      

      
        This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules
        Balanophora is a plant that abandoned photosynthesis long ago and now lives entirely as a parasite on tree roots, hidden in dark forest undergrowth. Scientists surveying rare populations across East Asian islands uncovered how its cellular machinery shrank but didn't disappear, revealing unexpected similarities to parasites like malaria. Some island species even reproduce without sex, cloning themselves to colonize new habitats. This strange survival strategy comes with risks, leaving the plant h...

      

      
        Deaths of despair were rising long before opioids
        Long before opioids flooded communities, something else was quietly changing--and it may have helped set the stage for today's crisis. A new study finds that as church attendance dropped among middle-aged, less educated white Americans, deaths from overdoses, suicide, and alcohol-related disease began to rise. The trend started years before OxyContin appeared, suggesting the opioid epidemic intensified a problem already underway.

      

      
        The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's
        Researchers have revealed that so-called "junk DNA" contains powerful switches that help control brain cells linked to Alzheimer's disease. By experimentally testing nearly 1,000 DNA switches in human astrocytes, scientists identified around 150 that truly influence gene activity--many tied to known Alzheimer's risk genes. The findings help explain why many disease-linked genetic changes sit outside genes themselves. The resulting dataset is now being used to train AI systems to predict gene contr...

      

      
        NASA just caught a rare glimpse of an interstellar comet
        An instrument aboard NASA's Europa Clipper spacecraft captured rare ultraviolet observations of an interstellar comet while Earth-based telescopes were blinded by the Sun. The spacecraft's unique position provided an unprecedented look at the comet's dust and plasma tails from an unusual angle. Scientists detected hydrogen, oxygen, and signs of intense gas release, hinting at powerful activity after the comet's closest approach to the Sun. The findings may reveal clues about how comets form aroun...

      

      
        An 11-year-old needed two new organs and doctors made history
        In a rare and historic achievement, Children's Hospital Colorado successfully completed its first dual heart and liver transplant in a pediatric patient. The life-saving surgery was performed on 11-year-old Gracie Greenlaw, whose congenital heart condition eventually led to liver failure. Dozens of specialists worked together for years to prepare for a moment like this, executing a complex, 16-hour operation. Now months later, Gracie is home, in school, and thriving.

      

      
        Neurons aren't supposed to regrow but these ones brought back vision
        After injury, the visual system can recover by growing new neural connections rather than replacing lost cells. Researchers found that surviving eye cells formed extra branches that restored communication with the brain. These new pathways worked much like the originals. The repair process, however, was slower or incomplete in females, pointing to important biological differences in recovery.

      

      
        A stunning new forecast shows when thousands of glaciers will vanish
        New research reveals when glaciers around the world will vanish and why every fraction of a degree of warming could decide their fate.

      

      
        Ancient oceans were ruled by super predators unlike anything today
        Long before whales and sharks, enormous marine reptiles dominated the oceans with unmatched power. Scientists have reconstructed a 130-million-year-old marine ecosystem from Colombia and found predators operating at a food-chain level higher than any seen today. The ancient seas were bursting with life, from giant reptiles to rich invertebrate communities. This extreme complexity reveals how intense competition helped drive the evolution of modern marine ecosystems.

      

      
        Earth may have been ravaged by "invisible" explosions from space
        Cosmic "touchdown airbursts" -- explosions of comets or asteroids above Earth's surface -- may be far more common and destructive than previously thought, according to new research. Unlike crater-forming impacts, these events unleash extreme heat and pressure without leaving obvious scars, making them harder to detect.

      

      
        Gravitational waves may reveal hidden dark matter around black holes
        Gravitational waves from black holes may soon reveal where dark matter is hiding. A new model shows how dark matter surrounding massive black holes leaves detectable fingerprints in the waves recorded by future space observatories.

      

      
        Scientists found a new way to slow aging inside cells
        A small tweak to mitochondrial energy production led to big gains in health and longevity. Mice engineered to boost a protein that helps mitochondria work more efficiently lived longer and showed better metabolism, stronger muscles, and healthier fat tissue. Their cells produced more energy while dialing down oxidative stress and inflammation tied to aging. The results hint that improving cellular power output could help slow the aging process itself.

      

      
        Glowing neurons let scientists watch the brain work in real time
        A new bioluminescent tool allows neurons to glow on their own, letting scientists track brain activity without harmful lasers or fading signals. The advance makes it possible to watch individual brain cells fire for hours, offering a clearer, deeper look at how the brain works.

      

      
        From biting flies to feathered dinosaurs, scientists reveal 70 new species
        Researchers announced over 70 new species in a single year, including bizarre insects, ancient dinosaurs, rare mammals, and deep-river fish. Many were found not in the wild, but in museum collections, proving that major discoveries can still be hiding in plain sight.

      

      
        Scientists found a hidden clock inside dinosaur eggshells
        Researchers have found that fossilized dinosaur eggshells contain a natural clock that can reveal when dinosaurs lived. The technique delivers surprisingly precise ages and could revolutionize how fossil sites around the world are dated.
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A Christmas tree 80 light-years wide appears in space | ScienceDaily


						
[image: A Christmas Tree in Space]
 This Christmas, the universe shows off its own glowing Christmas tree, built from newborn stars deep in the Milky Way. Credit & Copyright: Michael Kalika

 




						NGC 2264 is a large and active region of space where new stars are forming, located about 2,700 light years from Earth. It lies within the faint but imaginative constellation Monoceros, which represents a unicorn in star maps. Astronomers assign catalog numbers like NGC 2264 to help identify and study deep space objects, especially those made of gas, dust, and young stars. This region is positioned near the celestial equator and close to the flat disk of the Milky Way, which makes it visible from many locations on Earth during certain seasons.

Glowing Nebulae and Dark Cosmic Dust

The scene is filled with enormous clouds of interstellar gas and dust, the raw ingredients needed to form stars. As young stars ignite within these clouds, they release intense energy that causes surrounding hydrogen gas to glow red. These glowing regions are known as emission nebulae. Dark dust clouds thread through the area as well, blocking light from stars behind them and creating dramatic shadows. In places where this dust lies close to hot, newly formed stars, it reflects their light instead of absorbing it, producing soft blue regions called reflection nebulae.

The Christmas Tree Star Cluster

Near the center of NGC 2264 is S Monocerotis, a bright variable star whose brightness changes over time. This star is surrounded by a noticeable blue glow caused by reflected starlight from nearby dust. Above S Monocerotis, a group of young stars forms a simple triangular pattern. Because of this distinctive shape, the cluster has become widely known as the Christmas Tree star cluster.

The Cone Nebula and the Fox Fur Nebula

At the top of this star filled scene sits the Cone Nebula, a tall structure of gas and dust shaped by powerful radiation from nearby young stars. Beneath it spreads a tangled and glowing cloud called the Fox Fur Nebula, named for its textured, fur like appearance. These features are constantly being reshaped as energetic starlight pushes and sculpts the surrounding material.

Immense Size on a Galactic Scale

When viewed through a telescope, the entire region stretches about 1.5 degrees from top to bottom, which is roughly the width of three full moons lined up in the sky. At a distance of 2,700 light years, that apparent size corresponds to a real span of nearly 80 light years. This immense scale highlights just how vast and dynamic this stellar nursery truly is.
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Astronomers discover one of the Universe's largest spinning structures | ScienceDaily
An international research team led by the University of Oxford has identified one of the largest rotating structures ever observed. The object is a razor thin chain of galaxies embedded within a vast cosmic filament located about 140 million light years from Earth. The results were published in Monthly Notices of the Royal Astronomical Society and may provide important clues about how galaxies formed in the early Universe.


						
Cosmic filaments are the biggest known structures in the Universe. They are enormous thread like networks of galaxies and dark matter that create the framework of the cosmic web. These filaments also act as pathways that funnel matter and angular momentum into galaxies. Nearby filaments where many galaxies spin in the same direction, and where the entire structure itself appears to rotate, are especially valuable for studying how galaxies acquired their spin and gas. They also offer a way to test ideas about how rotation develops across tens of millions of light years.

A Razor Thin Line of Gas Rich Galaxies

In this study, researchers identified 14 nearby galaxies rich in hydrogen gas arranged in a narrow, elongated line measuring about 5.5 million light years in length and roughly 117,000 light years across. This thin structure lies within a much larger cosmic filament that stretches about 50 million light years and contains more than 280 additional galaxies. Many of the galaxies in the thin strand appear to be rotating in the same direction as the filament itself, far more often than would be expected if their orientations were random. This finding challenges existing models and suggests that large scale cosmic structures may shape galaxy rotation more strongly or over longer periods than previously believed.

The team also found that galaxies on opposite sides of the filament's central spine are moving in opposite directions. This pattern indicates that the entire filament is rotating as a single structure. By applying models of filament dynamics, the researchers estimated a rotation speed of about 110 km/s and calculated that the dense central region of the filament has a radius of approximately 50 kiloparsecs (about 163,000 light years).

Galaxies Like Teacups on a Spinning Ride

Co lead author Dr. Lyla Jung (Department of Physics, University of Oxford) explained why the discovery stands out: "What makes this structure exceptional is not just its size, but the combination of spin alignment and rotational motion. You can liken it to the teacups ride at a theme park. Each galaxy is like a spinning teacup, but the whole platform- the cosmic filament -is rotating too. This dual motion gives us rare insight into how galaxies gain their spin from the larger structures they live in."

The filament appears to be relatively young and largely undisturbed. Its abundance of gas rich galaxies and its low internal motion, described as a so called "dynamically cold" state, suggest it is still in an early stage of development. Because hydrogen is the key ingredient for forming new stars, galaxies with large hydrogen reserves are actively collecting or holding onto the fuel needed for star formation. Studying these systems offers a valuable view into early or ongoing phases of galaxy evolution.




Tracing Gas Flows Through the Cosmic Web

Hydrogen rich galaxies also serve as effective tracers of how gas moves along cosmic filaments. Atomic hydrogen is easily influenced by motion, making it especially useful for revealing how gas flows through filaments and into galaxies. These observations help scientists understand how angular momentum moves through the cosmic web and shapes galaxy structure, rotation, and star formation.

The discovery may also help refine models of intrinsic galaxy alignments, which can interfere with measurements in upcoming weak lensing surveys. These include missions such as the European Space Agency's Euclid spacecraft and observations from the Vera C. Rubin Observatory in Chile.

Co lead author Dr. Madalina Tudorache (Institute of Astronomy, University of Cambridge / Department of Physics, University of Oxford) said: "This filament is a fossil record of cosmic flows. It helps us piece together how galaxies acquire their spin and grow over time."

Combining Powerful Telescopes and Surveys

The research team used data from South Africa's MeerKAT radio telescope, one of the most powerful radio observatories in the world, made up of 64 interconnected dishes. The spinning filament was identified through a deep sky survey known as MIGHTEE, led by Professor of Astrophysics Matt Jarvis (Department of Physics, University of Oxford). The radio data were combined with optical observations from the Dark Energy Spectroscopic Instrument (DESI) and the Sloan Digital Sky Survey (SDSS), revealing a cosmic filament that shows both coordinated galaxy spin and large scale rotation.

Professor Jarvis said: "This really demonstrates the power of combining data from different observatories to obtain greater insights into how large structures and galaxies form in the Universe. Such studies can only be achieved by large groups with diverse skillsets, and in this case, it was really made possible by winning an ERC Advanced Grant/UKIR Frontiers Research Grant, which funded the co-lead authors."

The study also included researchers from University of Cambridge, University of the Western Cape, Rhodes University, South African Radio Astronomy Observatory, University of Hertfordshire, University of Bristol, University of Edinburgh, and University of Cape Town.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251225080729.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Oceans are supercharging hurricanes past Category 5 | ScienceDaily
Ocean regions that fuel the planet's most powerful hurricanes and typhoons are heating up in the North Atlantic and Western Pacific. These changes are being driven not just by warmer surface waters, but by heat that now extends far below the ocean surface. New research suggests that human-caused climate change may account for as much as 70% of the expansion of these storm-forming hot spots.


						
As these hot spots grow, they increase the likelihood that exceptionally intense tropical cyclones, sometimes described as Category '6' storms, could make landfall near heavily populated coastlines.

"The hot spot regions have expanded," said I-I Lin, a chair professor in the Department of Atmospheric Science at the National Taiwan University.

Lin shared the research during an oral presentation focused on tropical cyclones at AGU's 2025 Annual Meeting in New Orleans, Louisiana.

Why Scientists Are Calling for a New Storm Category

Lin has studied the most extreme hurricanes and typhoons for more than ten years. Her work intensified after Typhoon Haiyan -- also known as Super Typhoon Yolanda -- struck the Philippines at peak strength in November 2013, killing thousands of people. In 2014, Lin and her colleagues published research in the AGU journal Geophysical Research Letters arguing that storms of this magnitude warrant a new classification, Category 6.

Under their proposal, Category 6 tropical cyclones would include storms with wind speeds exceeding 160 knots. Until now, any storm stronger than 137 knots has been grouped into Category 5, which most weather agencies still consider the highest level. Lin noted that most hurricane categories span a range of about 20 knots, making a separate Category 6 more consistent with how storms are classified. Category 4, for example, includes winds between 114-137 knots.




The Strongest Storms on Record

Several well-known storms would fall into this proposed Category 6. Hurricane Wilma in 2005 remains the most intense hurricane ever measured in the Atlantic basin. Typhoon Haiyan also meets the criteria, as does Typhoon Hagibis, which hit Tokyo in 2019. Hagibis caused enormous damage from rain and wind, Lin said, even though the storm had weakened somewhat before reaching the city.

Another standout example is Hurricane Patricia, which developed in the Pacific Ocean off Mexico's coast. Patricia holds the record as the strongest tropical cyclone ever observed, with winds reaching up to 185 knots -- powerful enough to qualify as a Category 7 storm, if such a category existed, Lin said. "Patricia was the king of the world," she added.

Burgeoning ocean hotspots feed big storms

To understand how often these extreme storms occur, Lin and her team reviewed records of major tropical cyclones from roughly the past 40 years. Their analysis shows that storms exceeding 160 knots are appearing more frequently. Between 1982 and 2011, eight such storms were recorded. From 2013 to 2023, that number rose to 10.

In total, 18 Category '6' storms have occurred over the past four decades, with more than half forming in just the most recent decade.




Where the Most Dangerous Storms Are Forming

Lin's ongoing research, which she discussed at the American Geophysical Union's 2025 Annual Meeting, shows that nearly all Category '6' tropical cyclones develop within specific ocean hot spots. The largest of these lies in the Western Pacific, east of the Philippines and Borneo. Another major hot spot stretches across parts of the North Atlantic near and east of Cuba, Hispaniola and Florida.

The study also found that these hot spots are expanding. In the North Atlantic, the region has spread eastward beyond the northern coast of South America and westward into much of the Gulf. The Western Pacific hot spot has also increased in size.

Why Deep Ocean Heat Makes Storms Stronger

The defining feature of these hot spots is not just warm surface water, but unusually deep layers of heat beneath the surface. In many parts of the ocean, strong storms stir up cooler water from below, which can weaken the storm. In hot spot regions, however, warm water extends so deep that storms do not cool as easily.

Even so, Lin emphasized that warm ocean conditions alone do not guarantee the formation of a Category '6' storm. Atmospheric conditions must also align. "The hot spots are a necessary but not sufficient condition," she said.

Climate Change Plays a Major Role

The researchers examined what is driving the expansion of these deep warm-water regions and found that both natural temperature cycles and long-term warming contribute. However, their analysis suggests that human-caused climate change is responsible for roughly 60-70% of the growth of these hot spots. This expansion, in turn, increases the likelihood of Category '6' tropical cyclones.

Lin said that formally recognizing Category '6' storms could help governments and communities better prepare for future impacts, especially in regions where these extreme systems are becoming more common. "We really think there is a need just to provide the public with more important information," Lin said.
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This popular painkiller may do more harm than good | ScienceDaily
A large review of existing research suggests that tramadol, a strong opioid commonly prescribed for chronic pain, does not provide much meaningful relief. The analysis, published online in BMJ Evidence Based Medicine, found that while tramadol can reduce pain, the improvement is modest and falls below levels typically considered clinically important.


						
The findings also point to a higher likelihood of serious side effects, including heart disease. Based on these results, the researchers conclude that tramadol's risks likely outweigh its benefits and say its use should be reduced as much as possible.

Why Tramadol Is So Widely Used

Tramadol is a dual action opioid that doctors often prescribe for moderate to severe acute and chronic pain. Because of this, it appears in several clinical guidelines for pain management, according to the researchers.

Prescriptions for tramadol have risen sharply in recent years, making it one of the most frequently used opioids in the United States. This growth may be driven by the belief that tramadol carries fewer side effects and is safer and less addictive than other short acting opioids, the authors note.

Gaps in Previous Research

Although earlier systematic reviews have included tramadol, none offered a broad evaluation of both its effectiveness and safety across different types of chronic pain. The researchers say this left important questions unanswered.




To address this, they searched research databases for randomized clinical trials published up to February 2025. These studies compared tramadol with placebo (dummy treatment) in people with chronic pain, including those with cancer related pain.

What the Trials Included

The final analysis covered 19 clinical trials involving 6506 participants. Five studies examined neuropathic pain, nine focused on osteoarthritis, four looked at chronic low back pain, and one studied fibromyalgia.

Participants had an average age of 58, with ages ranging from 47 to 69. Most studies used tablets, and only one tested a topical cream. Treatment periods lasted from 2 to 16 weeks, with follow up ranging from 3 to 15 weeks.

Small Pain Relief, Higher Risk

When the results were combined, the data showed that tramadol did reduce pain, but only slightly and not enough to meet standards for clinically effective relief.




Eight trials tracked serious side effects during follow up periods of 7 to 16 weeks. Analysis of these studies showed that tramadol was linked to about double the risk of harm compared with placebo. This increase was largely due to more reported "cardiac events," including chest pain, coronary artery disease, and congestive heart failure.

Tramadol use was also associated with a higher risk of certain cancers. However, the researchers caution that the short follow up makes this result "questionable."

Common Side Effects and Study Limits

Across all trials, tramadol was tied to a greater risk of milder side effects such as nausea, dizziness, constipation, and sleepiness.

The authors acknowledge that many outcomes were at high risk of bias. They suggest this likely means the benefits of tramadol are overstated while its harms are understated.

Opioid Risks in a Broader Context

The researchers emphasize the wider impact of opioid use, noting: "Approximately 60 million individuals worldwide experience the addictive effects of opioids. In 2019, drug use was responsible for approximately 600,000 deaths, with nearly 80% of these fatalities associated with opioids and approximately 25% resulting from opioid overdose.

"In the United States, the number of opioid-related overdose deaths increased from 49,860 in 2019 to 81,806 in 2022. Given these trends and the present findings, the use of tramadol and other opioids should be minimized to the greatest extent possible."

The team concludes: "Tramadol may have a slight effect on reducing chronic pain (low certainty of evidence) while likely increasing the risk of both serious (moderate certainty of evidence) and non- serious adverse events (very low certainty of evidence). The potential harms associated with tramadol use for pain management likely outweigh its limited benefits."
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Scientists found a way to restore brain blood flow in dementia | ScienceDaily
A potential new way to treat reduced brain blood flow and certain forms of dementia is beginning to emerge. Scientists at the University of Vermont Robert Larner, M.D. College of Medicine have uncovered new details about how blood circulation in the brain is controlled and how vascular problems might be reversed. Their preclinical research, published December 22 in Proceedings of the National Academy of Sciences, suggests that replacing a missing phospholipid in the bloodstream could help restore normal brain blood flow and ease dementia-related symptoms.


						
"This discovery is a huge step forward in our efforts to prevent dementia and neurovascular diseases," says principal investigator Osama Harraz, Ph.D., assistant professor of pharmacology at Larner College of Medicine. "We are uncovering the complex mechanisms of these devastating conditions, and now we can begin to think about how to translate this biology into therapies."

The Rising Burden of Dementia

Alzheimer's disease and related dementias affect about 50 million people worldwide, and that number continues to grow. The increasing prevalence places heavy pressure on families, caregivers, and health care systems. Ongoing research is working to untangle how proteins, inflammation, neural signaling, and malfunctioning brain cells contribute to these disorders.

Work in the Harraz lab centers on how cerebral blood flow is controlled and how blood vessels communicate through molecular signals. A major focus is Piezo1, a protein found in the membranes of cells that line blood vessels. Piezo1 helps regulate brain blood flow by sensing physical forces created as blood moves through the brain's vascular network. Its name comes from the Greek word for "pressure." Earlier research showed that Piezo1 behaves differently in people who carry certain genetic variations of the Piezo1 gene.

A Key Lipid That Keeps Blood Vessels in Check

The new study, titled "PIP2 Corrects an Endothelial Piezo1 Channelopathy," offers fresh insight into how Piezo1 influences cerebral blood flow. The findings also show that conditions such as Alzheimer's disease are linked to abnormally high Piezo1 activity in brain blood vessels. To better understand why this happens, the research team examined a phospholipid called PIP2, which is found in brain cell membranes.

PIP2 plays an essential role in cell signaling and ion channel regulation -- a complex process that controls when protein pores in cells open and close. The researchers discovered that PIP2 normally acts as a natural suppressor of Piezo1. When PIP2 levels fall, Piezo1 becomes overly active, disrupting normal blood flow in the brain. When the team added PIP2 back into the system, Piezo1 activity decreased and healthy blood circulation was restored. These results suggest that increasing PIP2 levels could form the basis of a new treatment strategy aimed at improving brain blood flow and supporting brain function.

Next Steps Toward Future Treatments

Future studies will focus on understanding exactly how PIP2 interacts with Piezo1. Researchers want to determine whether PIP2 attaches directly to specific parts of the protein or changes the surrounding cell membrane in ways that limit channel opening. Additional work will also explore how disease-related declines in PIP2 remove this regulatory control, allowing Piezo1 to remain overactive and impair cerebral blood flow. Gaining clarity on these mechanisms will be critical for developing therapies based on restoring PIP2 or directly targeting Piezo1 to improve neurovascular health in dementia and related vascular disorders.
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What are asteroids really made of? New analysis brings space mining closer to reality | ScienceDaily
Scientists still have much to learn about what small asteroids are made of. These rocky bodies may contain valuable metals, ancient material left over from the formation of the solar system, and chemical clues that reveal the history of their original parent bodies. Because of this, they are increasingly viewed as possible sources of future space resources.


						
A research team led by the Institute of Space Sciences (ICE-CSIC) examined samples linked to C-type asteroids, carbon rich objects that are believed to be the original sources of carbonaceous chondrites. Their results, published in the Monthly Notices of the Royal Astronomical Society, strengthen the case that these asteroids could serve as important material reservoirs. The findings also help scientists identify where these meteorites came from and support planning for future space missions and resource extraction technologies.

Rare Meteorites From Ancient Asteroids

Carbonaceous chondrites arrive on Earth naturally, but they account for only about 5% of all meteorite falls. Many are extremely fragile and break apart before they can be recovered, which makes them especially rare. When they are found, it is often in desert environments such as the Sahara or Antarctica, where preservation conditions are favorable.

"The scientific interest in each of these meteorites is that they sample small, undifferentiated asteroids, and provide valuable information on the chemical composition and evolutionary history of the bodies from which they originate," says Josep M. Trigo-Rodriguez, the study's lead author and an astrophysicist at ICE-CSIC, affiliated to the Institute of Space Studies of Catalonia (IEEC).

Measuring the Building Blocks of Asteroids

To carry out the study, the ICE-CSIC team selected and carefully characterized asteroid related samples before sending them for detailed chemical analysis. The measurements were performed using mass spectrometry at the University of Castilla-La Mancha by Professor Jacinto Alonso-Azcarate. This work allowed the researchers to determine the precise chemical makeup of the six most common types of carbonaceous chondrites and assess whether extracting materials from their parent asteroids could one day be practical.




The Asteroids, Comets, and Meteorites research group at ICE-CSIC has spent more than a decade studying the physical and chemical properties of asteroid and comet surfaces. "At ICE-CSIC and IEEC, we specialize in developing experiments to better understand the properties of these asteroids and how the physical processes that occur in space affect their nature and mineralogy," Trigo-Rodriguez explains.

He also notes that ICE-CSIC serves as the international repository for NASA's Antarctic meteorite collection. Over the past ten years, he has helped select and request several of the carbonaceous chondrites used in this study and has designed multiple experiments around them. "The work now being published is the culmination of that team effort," he says.

Are Asteroid Resources Worth Extracting?

"Studying and selecting these types of meteorites in our clean room using other analytical techniques is fascinating, particularly because of the diversity of minerals and chemical elements they contain. However, most asteroids have relatively small abundances of precious elements, and therefore the objective of our study has been to understand to what extent their extraction would be viable," says Pau Grebol Tomas, a predoctoral researcher at ICE-CSIC.

Jordi Ibanez-Insa, a co-author of the study and researcher at Geosciences Barcelona (GEO3BCN-CSIC), points out that while many small asteroids are covered in loose surface material known as regolith, collecting small samples is very different from extracting resources at scale. "Although most small asteroids have surfaces covered in fragmented material called regolith -and it would facilitate the return of small amounts of samples-, developing large-scale collection systems to achieve clear benefits is a very different matter. In any case, it deserves to be explored because the search for resources in space could be susceptible to minimizing the impact of mining activities on terrestrial ecosystems," he says.

Choosing the Right Asteroids for the Future

The main asteroid belt contains an enormous range of objects, and understanding what resources they hold requires careful classification. According to Trigo-Rodriguez, asteroid composition varies widely due to their long and complex histories. "They are small and quite heterogeneous objects, heavily influenced by their evolutionary history, particularly collisions and close approaches to the Sun. If we are looking for water, there are certain asteroids from which hydrated carbonaceous chondrites originate, which, conversely, will have fewer metals in their native state. Let's not forget that, after 4.56 billion years since their formation, each asteroid has a different composition, as revealed by the study of chondritic meteorites."




One key conclusion of the research is that mining undifferentiated asteroids -- the primordial remnants of the solar system's formation considered the progenitor bodies of chondritic meteorites -- remains impractical for now. However, the team identifies a different class of relatively pristine asteroids that display olivine and spinel signatures as more promising mining targets.

To confidently identify such candidates, the researchers emphasize the importance of detailed chemical studies of carbonaceous chondrites combined with new sample return missions. These missions would help confirm which asteroids are truly linked to the meteorites studied on Earth.

Technology, Water, and Long Term Exploration

"Alongside the progress represented by sample return missions, companies capable of taking decisive steps in the technological development necessary to extract and collect these materials under low-gravity conditions are truly needed. The processing of these materials and the waste generated would also have a significant impact that should be quantified and properly mitigated," Trigo-Rodriguez adds.

The team expects progress in the near future, especially as in situ resource use becomes increasingly important for long duration missions to the Moon and Mars. Using materials found in space could significantly reduce the need for supplies launched from Earth. If water is the primary target, the researchers stress that asteroids altered by water and rich in water bearing minerals should be prioritized.

Extracting resources in low gravity environments will require entirely new approaches. "It sounds like science fiction, but it also seemed like science fiction when the first sample return missions were being planned thirty years ago," says Pau Grebol Tomas.

From Planetary Defense to Space Resources

Globally, several concepts are already being discussed, including capturing small asteroids that pass close to Earth and placing them into circumlunar orbit for study and resource use. Trigo-Rodriguez highlights that water rich carbonaceous asteroids may be especially attractive targets. "For certain water-rich carbonaceous asteroids, extracting water for reuse seems more viable, either as fuel or as a primary resource for exploring other worlds. This could also provide science with greater knowledge about certain bodies that could one day threaten our very existence. In the long term, we could even mine and shrink potentially hazardous asteroids so that they cease to be dangerous," he explains.
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New technology eliminates "forever chemicals" with record-breaking speed and efficiency | ScienceDaily
A research team at Rice University, working with international collaborators, has created the first environmentally friendly technology that can quickly trap and break down toxic "forever chemicals" (PFAS) in water. The results, published recently in Advanced Materials, represent a meaningful advance against one of the most stubborn pollution threats worldwide.


						
The project was led by Youngkun Chung, a postdoctoral fellow mentored by Michael S. Wong, a professor at Rice's George R. Brown School of Engineering and Computing. The effort also included Seoktae Kang, a professor at the Korea Advanced Institute of Science and Technology (KAIST), and Keon-Ham Kim, a professor at Pukyung National University in South Korea.

What Are PFAS and Why Are They a Problem

PFAS, short for per- and polyfluoroalkyl substances, are man-made chemicals that date back to the 1940s. They have been used in many everyday products, including Teflon pans, waterproof clothing, and some food packaging. PFAS became popular because they resist heat, grease, and water, but that same durability also means they break down very slowly, which is why they are often called "forever chemicals."

PFAS have now spread widely and can be found in water, soil, and air around the world. Research has linked exposure to liver damage, reproductive disorders, immune system disruption, and certain cancers. Cleanup has been difficult because once PFAS enter the environment, they are hard to remove and even harder to destroy.

Why Current PFAS Removal Methods Fall Short

Many standard approaches rely on adsorption, meaning the chemicals stick to materials such as activated carbon or ion-exchange resins. These methods are common, but they have major limitations, including low efficiency, slow operation, limited capacity, and the buildup of additional contaminated waste that still has to be handled.




"Current methods for PFAS removal are too slow, inefficient and create secondary waste," said Wong, the Tina and Sunit Patel Professor in Molecular Nanotechnology and professor of chemical and biomolecular engineering, chemistry and civil and environmental engineering. "Our new approach offers a sustainable and highly effective alternative."

The Breakthrough LDH Material That Works Fast

The new approach is built around a layered double hydroxide (LDH) material made from copper and aluminum. Kim first identified this type of material while he was a graduate student at KAIST in 2021. As the team explored these compounds further, Chung found that a specific version containing nitrate could adsorb PFAS with unusually high performance.

"To my astonishment, this LDH compound captured PFAS more than 1,000 times better than other materials," said Chung, a lead author of the study and now a fellow at Rice's WaTER (Water Technologies, Entrepreneurship and Research) Institute and Sustainability Institute. "It also worked incredibly fast, removing large amounts of PFAS within minutes, about 100 times faster than commercial carbon filters."

Researchers say the impressive results come from the material's internal design. Its ordered copper-aluminum layers, along with small charge imbalances, create a highly favorable surface where PFAS molecules can attach quickly and strongly.

Tested in River Water, Tap Water, and Wastewater

To see how well the system could perform outside the lab, the team tested the LDH material in river water, tap water, and wastewater. Across all three, it remained highly effective. It also performed well in both static tests and continuous-flow setups, pointing to possible use in municipal water treatment systems and industrial cleanup.




Closing the Loop With PFAS Destruction and Reuse

Capturing PFAS is only half the battle since the chemicals still need to be destroyed safely. Working with Rice professors Pedro Alvarez and James Tour, Chung developed a process to thermally decompose PFAS after they are captured on the LDH material. When the PFAS-loaded material was heated with calcium carbonate, the researchers removed more than half of the trapped PFAS without releasing toxic by-products. The same step also regenerated the LDH, making it possible to use the material again.

Early testing showed the material could go through at least six complete cycles of capture, destruction, and renewal. That makes it the first known eco-friendly, sustainable system for PFAS removal that combines rapid cleanup with repeated reuse.

International Collaboration and Research Support

"We are excited by the potential of this one-of-a-kind LDH-based technology to transform how PFAS-contaminated water sources are treated in the near future," Wong said. "It's the result of an extraordinary international collaboration and the creativity of young researchers."

A list of all the researchers involved in this study and their institutional affiliations can be found here. This research was supported by the Basic Science Research Program through the National Research Foundation of Korea funded by the Ministry of Education (2021R1A6A3A14044449, RS-2023-00242795), grants from the National Convergence Research of Scientific Challenges and the Sejong Science Fellowship through the National Research Foundation of Korea and funding from the Ministry of Science (NRF-2022M3C1C8094245) and ICT (RS-2024-00395438). This work was also funded by Saudi Aramco-KAIST CO2 Management, Nanosystems Engineering Research Center for Nanotechnology-Enabled Water Treatment (NEWT), the U.S. Army Corps of Engineers' Engineering Research and Development Center grant (W912HZ-21-2-0050), Rice Sustainability Institute and Rice WaTER Institute.
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Scientists say evolution works differently than we thought | ScienceDaily
For decades, many evolutionary biologists have believed that most genetic changes shaping genes and proteins are neutral. Under this view, mutations are usually neither helpful nor harmful, allowing them to spread quietly without being strongly favored or rejected by natural selection.


						
A new study from the University of Michigan challenges that long-standing assumption and suggests evolution may work very differently than once thought.

Rethinking the Neutral Theory of Evolution

As species evolve, random genetic mutations arise. Some of these mutations become fixed, meaning they spread until every individual in a population carries the change. The Neutral Theory of Molecular Evolution argues that most mutations that reach this stage are neutral. Harmful mutations are quickly eliminated, while helpful ones are assumed to be extremely rare, explains evolutionary biologist Jianzhi Zhang.

Zhang and his colleagues set out to test whether this idea holds up when examined more closely. Their results pointed to a major problem. The researchers found that beneficial mutations occur far more often than the Neutral Theory allows. At the same time, they observed that the overall rate at which mutations become fixed in populations is much lower than would be expected if so many helpful mutations were taking hold.

Why Beneficial Mutations Often Do Not Last

To explain this contradiction, the team proposed a new explanation rooted in environmental change. A mutation that provides an advantage in one setting may become harmful once conditions shift. Because environments change frequently, many beneficial mutations never spread widely enough to become fixed.




The study, which was supported by the U.S. National Institutes of Health, was published in Nature Ecology and Evolution.

"We're saying that the outcome was neutral, but the process was not neutral," said Zhang, a professor of ecology and evolutionary biology at U-M. "Our model suggests that natural populations are not truly adapted to their environments because environments change very quickly, and populations are always chasing the environment."

Zhang calls this framework Adaptive Tracking with Antagonistic Pleiotropy. The idea helps explain why organisms are rarely perfectly matched to their surroundings.

What This Means for Humans and Other Species

Zhang believes the findings have wide-ranging implications, including for humans. Modern environments differ dramatically from those our ancestors experienced, which may help explain why certain genetic traits no longer serve us as well as they once did.

"I think this has broad implications. For example, humans. Our environment has changed so much, and our genes may not be the best for today's environment because we went through a lot of other different environments. Some mutations may be beneficial in our old environments, but are mismatched to today," Zhang said.




He added that how well a population is adapted depends on how recently its environment has changed.

"At any time when you observe a natural population, depending on when the last time the environment had a big change, the population may be very poorly adapted or it may be relatively well adapted. But we're probably never going to see any population that is fully adapted to its environment, because a full adaptation would take longer than almost any natural environment can remain constant."

How Scientists Studied Beneficial Mutations

The Neutral Theory of Molecular Evolution was introduced in the 1960s, when advances in protein and gene sequencing allowed scientists to study evolution at the molecular level rather than focusing only on physical traits like shape and structure.

To measure how often beneficial mutations occur, Zhang and his team analyzed large deep mutational scanning datasets generated by their own lab and others. In these experiments, researchers deliberately created many different mutations within a single gene or section of the genome in organisms such as yeast and E. coli.

They then tracked these organisms over many generations and compared their growth to the wild type, or the most common form found in nature. By measuring growth differences, the researchers could estimate whether a mutation helped or harmed the organism.

The results showed that more than 1% of mutations were beneficial. This rate is far higher than what the Neutral Theory predicts. If all those helpful mutations became fixed, nearly all genetic changes would be beneficial and evolution would proceed much faster than what scientists actually observe. That realization led the team to question the assumption that environments stay constant over time.

Testing Evolution in Changing Environments

To explore the effects of environmental shifts, the researchers studied two groups of yeast. One group evolved in a stable environment for 800 generations (each generation lasted 3 hours). The second group evolved for the same number of generations but in a changing environment made up of 10 different types of media, or growth solutions. Each medium was used for 80 generations before switching to the next.

The yeast exposed to changing conditions showed far fewer beneficial mutations becoming established than those in the stable environment. Even when advantageous mutations appeared, they rarely lasted long enough to spread before conditions changed again.

"This is where the inconsistency comes from. While we observe a lot of beneficial mutations in a given environment, those beneficial mutations do not have a chance to be fixed because as their frequency increases to a certain level, the environment changes," Zhang said. "Those beneficial mutations in the old environment might become deleterious in the new environment."

Limits and Next Steps

Zhang cautioned that the study focused on yeast and E. coli, single-celled organisms where the effects of mutations are easier to measure. Data from multicellular organisms will be needed to determine whether the same patterns apply to more complex life, including humans.

The research team is now planning follow-up studies to better understand why it takes so long for organisms to fully adapt even when environmental conditions remain stable.

Other authors of the study include former U-M graduate students Siliang Song and Xukang Shen and former U-M postdoctoral researcher Piaopiao Chen.
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What you eat could decide the planet's future | ScienceDaily
eople, the holidays often bring joyful indulgence, followed by regret and ambitious New Year's resolutions to eat better.
A recent study from the University of British Columbia suggests moderation should not be a seasonal goal but a long-term one. The research found that 44 percent of the global population would need to change their eating habits to keep global warming below 2 degC.
The study was led by Dr. Juan Diego Martinez while he was a doctoral student at UBC's Institute for Resources, Environment and Sustainability. He explains what the research uncovered and outlines practical diet changes that could make a real difference.

What did you find? 

Half of us globally and at least 90 percent of Canadians need to change our diets to prevent severe planetary warming. And that number is conservative, because we used 2012 data. Since then, emissions and the world's population have both increased. Looking ahead to 2050, we found that 90 percent of us will need to be eating differently.

We looked at data from 112 countries, accounting for 99 percent of food-related greenhouse gas emissions globally, and divided each country's population into 10 income groups. We calculated a food emissions budget for each person by combining emissions from food consumption, global food production and supply chains, and compared these emissions to the total the world can afford if we want to stay below 2 degC of warming.

Why focus on dietary changes rather than, say, flying less?

The world's food systems are responsible for more than one-third of all human greenhouse gas emissions.

We found that the 15 percent of people who emitted the most account for 30 percent of total food emissions, equaling the contribution of the entire bottom 50 percent. This select group consists of the wealthiest people in high emissions countries, including the Central African Republic, Brazil and Australia.




Even though this group is emitting a lot, there is a much higher number of people whose diets are above that cap. This is why half, not just the richest, of the global population needs to change diets. In Canada, all 10 income groups are above the cap.

Debates around flying less, driving electric and buying fewer luxury goods are valid: We need to reduce emissions any way we can. However, food emissions are not just a problem for the richest -- we all need to eat, so we can all make a change. For people who are both flying frequently and eating lots of beef, it's not an either/or: Try to reduce both.

What changes can we make to our diets? 

Eat only what you need. Repurpose what you don't. Less wasted food means fewer emissions, less cooking and more easy, tasty leftovers.

Eliminate or reduce your beef consumption -- 43 percent of food-related emissions from the average Canadian come from beef alone. We could have had our beef and eaten it too if we'd followed the agreements laid out in the Kyoto Protocol, but we're now at a point where food emissions also need to fall to avoid the worst of climate change.

I grew up in Latin America where eating a lot of beef is part of the culture, so I get how much of an ask this is. But we just can't deny the data anymore.

Vote with your fork. This is a first step to demand change from your political leaders. The more we talk about our own dietary changes and what matters to us, the more politicians will begin to care about policies that bring positive changes to our food systems.
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Scientists reverse Alzheimer's in mice and restore memory | ScienceDaily
A study reveals that restoring the brain's energy balance may not just slow Alzheimer's -- but actually reverse it.


						    	For more than a century, Alzheimer's disease has been widely viewed as permanent and untreatable once it begins. As a result, most research has focused on preventing the disease or slowing its progression rather than attempting to reverse it.
    	By studying multiple mouse models of Alzheimer's alongside human Alzheimer's brain tissue, researchers identified a critical biological problem at the center of the disease. They found that the brain's inability to maintain healthy levels of a vital cellular energy molecule called NAD+ plays a major role in driving Alzheimer's.
    	In animal models, maintaining normal brain NAD+ levels prevented Alzheimer's from developing. Even more striking, restoring NAD+ balance after the disease was already advanced allowed the brain to repair damage and fully restore cognitive function.
    	These results suggest that treatments aimed at restoring the brain's energy balance could potentially move Alzheimer's therapy beyond slowing decline and toward meaningful recovery.
    	The findings also open the door to further research, including the exploration of complementary strategies and carefully designed clinical trials to determine whether these results can translate to patients.

A Longstanding View of Alzheimer's Is Being Questioned

For more than 100 years, Alzheimer's disease (AD) has been widely viewed as a condition that cannot be undone. Because of this belief, most scientific efforts have focused on preventing the disease or slowing its progression, rather than attempting to restore lost brain function. Even after decades of research and billions of dollars in investment, no drug trial for Alzheimer's has ever been designed with the goal of reversing the disease and recovering cognitive abilities.

That long-held assumption is now being challenged by researchers from University Hospitals, Case Western Reserve University, and the Louis Stokes Cleveland VA Medical Center. Their work set out to answer a bold question: can brains already damaged by advanced Alzheimer's recover?

New Study Targets Brain Energy Failure

The research was led by Kalyani Chaubey, PhD, of the Pieper Laboratory and published on December 22 in Cell Reports Medicine. By examining both human Alzheimer's brain tissue and multiple preclinical mouse models, the team identified a key biological failure at the center of the disease. They found that the brain's inability to maintain normal levels of a critical cellular energy molecule called NAD+ plays a major role in driving Alzheimer's. Importantly, maintaining proper NAD+ balance was shown to not only prevent the disease but also reverse it in experimental models.

NAD+ levels naturally decline throughout the body, including the brain, as people age. When NAD+ drops too low, cells lose the ability to carry out essential processes needed for normal function and survival. The researchers discovered that this decline is far more severe in the brains of people with Alzheimer's. The same pattern was seen in mouse models of the disease.




How Alzheimer's Was Modeled in the Lab

Although Alzheimer's occurs only in humans, scientists study it using specially engineered mice that carry genetic mutations known to cause the disease in people. In this study, researchers used two such models. One group of mice carried multiple human mutations affecting amyloid processing, while the other carried a human mutation in the tau protein.

Amyloid and tau abnormalities are among the earliest and most significant features of Alzheimer's. In both mouse models, these mutations led to widespread brain damage that closely mirrors the human disease. This included breakdown of the blood-brain barrier, damage to nerve fibers, chronic inflammation, reduced formation of new neurons in the hippocampus, weakened communication between brain cells, and extensive oxidative damage. The mice also developed severe memory and cognitive problems similar to those seen in people with Alzheimer's.

Testing Whether Alzheimer's Damage Could Be Reversed

After confirming that NAD+ levels dropped sharply in both human and mouse Alzheimer's brains, the team explored two possibilities. They tested whether maintaining NAD+ balance before symptoms appeared could prevent Alzheimer's, and whether restoring that balance after the disease had already progressed could reverse it.

This approach built on the group's earlier work published in Proceeding of the National Academy of Sciences USA, which showed that restoring NAD+ balance led to both structural and functional recovery after severe, long-lasting traumatic brain injury. In the current study, the researchers used a well-characterized pharmacologic compound called P7C3-A20, developed in the Pieper laboratory, to restore NAD+ balance.




Full Cognitive Recovery Observed in Advanced Disease

The results were striking. Preserving NAD+ balance protected mice from developing Alzheimer's, but even more surprising was what happened when treatment began after the disease was already advanced. In those cases, restoring NAD+ balance allowed the brain to repair the major pathological damage caused by the genetic mutations.

Both mouse models showed complete recovery of cognitive function. This recovery was also reflected in blood tests, which showed normalized levels of phosphorylated tau 217, a recently approved clinical biomarker used to diagnose Alzheimer's in people. These findings provided strong evidence of disease reversal and highlighted a potential biomarker for future human trials.

Researchers Express Cautious Optimism

"We were very excited and encouraged by our results," said Andrew A. Pieper, MD, PhD, senior author of the study and Director of the Brain Health Medicines Center, Harrington Discovery Institute at UH. "Restoring the brain's energy balance achieved pathological and functional recovery in both lines of mice with advanced Alzheimer's. Seeing this effect in two very different animal models, each driven by different genetic causes, strengthens the idea that restoring the brain's NAD+ balance might help patients recover from Alzheimer's."

Dr. Pieper also holds the Morley-Mather Chair in Neuropsychiatry at UH and the CWRU Rebecca E. Barchas, MD, DLFAPA, University Professorship in Translational Psychiatry. He serves as Psychiatrist and Investigator in the Louis Stokes VA Geriatric Research Education and Clinical Center (GRECC).

A Shift in How Alzheimer's Is Viewed

The findings suggest a fundamental change in how Alzheimer's could be approached in the future. "The key takeaway is a message of hope -- the effects of Alzheimer's disease may not be inevitably permanent," said Dr. Pieper. "The damaged brain can, under some conditions, repair itself and regain function."

Dr. Chaubey added, "Through our study, we demonstrated one drug-based way to accomplish this in animal models, and also identified candidate proteins in the human AD brain that may relate to the ability to reverse AD."

Why This Approach Differs From Supplements

Dr. Pieper cautioned against confusing this strategy with over the counter NAD+-precursors. He noted that such supplements have been shown in animal studies to raise NAD+ to dangerously high levels that promote cancer The method used in this research relies instead on P7C3-A20, a pharmacologic agent that helps cells maintain healthy NAD+ balance during extreme stress, without pushing levels beyond their normal range.

"This is important when considering patient care, and clinicians should consider the possibility that therapeutic strategies aimed at restoring brain energy balance might offer a path to disease recovery," said Dr. Pieper.

Next Steps Toward Human Trials

The research also opens the door to additional studies and eventual testing in people. The technology is currently being commercialized by Glengary Brain Health, a Cleveland-based company co-founded by Dr. Pieper.

"This new therapeutic approach to recovery needs to be moved into carefully designed human clinical trials to determine whether the efficacy seen in animal models translates to human patients," Dr. Pieper explained. "Additional next steps for the laboratory research include pinpointing which aspects of brain energy balance are most important for recovery, identifying and evaluating complementary approaches to Alzheimer's reversal, and investigating whether this recovery approach is also effective in other forms of chronic, age-related neurodegenerative disease."
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Why consciousness can't be reduced to code | ScienceDaily
Today's arguments about consciousness often get stuck between two firm camps. One is computational functionalism, which says thinking can be fully described as abstract information processing. If a system has the right functional organization (regardless of the material it runs on), it should produce consciousness. The other is biological naturalism, which argues the opposite. It says consciousness cannot be separated from the special features of living brains and bodies because biology is not just a container for cognition, it is part of cognition itself. Both views capture real insights, but the deadlock suggests an important piece is still missing.


						
In our new paper, we propose a different approach: biological computationalism. The label is meant to be provocative, but also to sharpen the conversation. Our main argument is that the standard computational framework is broken, or at least poorly suited to how brains actually work. For a long time, it has been tempting to picture the mind as software running on neural hardware, with the brain "computing" in roughly the way a conventional computer does. But real brains are not von Neumann machines, and forcing that comparison leads to shaky metaphors and fragile explanations. If we want a serious account of how brains compute, and what it would take to build minds in other substrates, we first need a broader definition of what "computation" can be.

Biological computation, as we describe it, has three core features.

Hybrid Brain Computation in Real Time

First, biological computation is hybrid. It mixes discrete events with continuous dynamics. Neurons fire spikes, synapses release neurotransmitters, and networks shift through event-like states. At the same time, these events unfold within constantly changing physical conditions such as voltage fields, chemical gradients, ionic diffusion, and time-varying conductances. The brain is not purely digital, and it is not simply an analog machine either. Instead, it works as a multi-layered system where continuous processes influence discrete events, and discrete events reshape the continuous background, over and over, in an ongoing feedback loop.

Why Brain Computation Cannot Be Separated by Scale

Second, biological computation is scale-inseparable. In conventional computing, it is often possible to cleanly separate software from hardware, or a "functional level" from an "implementation level." In the brain, that kind of separation breaks down. There is no neat dividing line where you can point to the algorithm on one side and the physical mechanism on the other. Cause and effect run across many scales at once, from ion channels to dendrites to circuits to whole-brain dynamics, and these levels do not behave like independent modules stacked in layers. In biological systems, changing the "implementation" changes the "computation," because the two are tightly intertwined.




Metabolism and Energy Constraints Shape Intelligence

Third, biological computation is metabolically grounded. The brain operates under strict energy limits, and those limits shape its structure and function everywhere. This is not just an engineering detail. Energy constraints influence what the brain can represent, how it learns, which patterns remain stable, and how information is coordinated and routed. From this perspective, the tight coupling across levels is not accidental complexity. It is an energy optimization strategy that supports robust, flexible intelligence under severe metabolic limits.

The Algorithm Is the Substrate

Taken together, these three features point to a conclusion that can feel strange if you are used to classical computing ideas. Computation in the brain is not abstract symbol manipulation. It is not simply about moving representations around according to formal rules while the physical medium is treated as "mere implementation." In biological computation, the algorithm is the substrate. The physical organization does not just enable the computation, it is what the computation consists of. Brains do not merely run a program. They are a specific kind of physical process that computes by unfolding through time.

What This Means for AI and Synthetic Minds

This view also exposes a limitation in how people often describe modern AI. Even powerful systems mostly simulate functions. They learn mappings from inputs to outputs, sometimes with impressive generalization, but the computation is still a digital procedure running on hardware built for a very different style of computing. Brains, by contrast, carry out computation in physical time. Continuous fields, ion flows, dendritic integration, local oscillatory coupling, and emergent electromagnetic interactions are not just biological "details" that can be ignored while extracting an abstract algorithm. In our view, these are the computational primitives of the system. They are the mechanisms that enable real-time integration, resilience, and adaptive control.




Not Biology Only, But Biology Like Computation

This does not mean we think consciousness is somehow restricted to carbon-based life. We are not arguing "biology or nothing." Our claim is narrower and more practical. If consciousness (or mind-like cognition) depends on this kind of computation, then it may require biological-style computational organization, even if it is built in new substrates. The key issue is not whether the substrate is literally biological, but whether the system instantiates the right kind of hybrid, scale-inseparable, metabolically (or more generally energetically) grounded computation.

A Different Target for Building Conscious Machines

That reframes the goal for anyone trying to build synthetic minds. If brain computation cannot be separated from how it is physically realized, then scaling digital AI alone may not be enough. This is not because digital systems cannot become more capable, but because capability is only part of the puzzle. The deeper risk is that we may be optimizing the wrong thing by improving algorithms while leaving the underlying computational ontology unchanged. Biological computationalism suggests that building truly mind-like systems may require new kinds of physical machines whose computation is not organized as software on hardware, but spread across levels, dynamically linked, and shaped by the constraints of real-time physics and energy.

So if we want something like synthetic consciousness, the central question may not be, "What algorithm should we run?" It may be, "What kind of physical system must exist for that algorithm to be inseparable from its own dynamics?" What features are required, including hybrid event-field interactions, multi-scale coupling without clean interfaces, and energetic constraints that shape inference and learning, so that computation is not an abstract description layered on top but an intrinsic property of the system itself?

That is the shift biological computationalism calls for. It moves the challenge from finding the right program to finding the right kind of computing matter.
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AI supercharges scientific output while quality slips | ScienceDaily
After ChatGPT became widely available in late 2022, many researchers started telling colleagues they could get more done with these new artificial intelligence tools. At the same time, journal editors reported a surge of smoothly written submissions that did not seem to add much scientific value.


						
A new Cornell study suggests those informal reports point to a broader change in how scientists are preparing manuscripts. The researchers found that large language models (LLMs) such as ChatGPT can increase paper output, with especially strong benefits for scientists who are not native English speakers. But the growing volume of AI written text is also making it harder for key decision makers to tell meaningful work apart from low value content.

"It is a very widespread pattern, across different fields of science -- from physical and computer sciences to biological and social sciences," said Yian Yin, assistant professor of information science in the Cornell Ann S. Bowers College of Computing and Information Science. "There's a big shift in our current ecosystem that warrants a very serious look, especially for those who make decisions about what science we should support and fund."

The findings appear in a paper titled "Scientific Production in the Era of Large Language Models," published Dec. 18 in Science.

How the Cornell Team Measured AI Use in Research Papers

To examine how LLMs are influencing scientific publishing, Yin's team compiled more than 2 million papers posted from January 2018 through June 2024 across three major preprint platforms. Those sites are arXiv, bioRxiv and Social Science Research Network (SSRN). Together, they represent the physical sciences, life sciences and social sciences, and they host studies that have not yet been through peer review.

The researchers used papers posted before 2023 that were presumed to be written by humans and compared them with AI generated text. From that comparison, they built a model designed to flag papers that were likely written with help from LLMs. Using this detector, they estimated which authors were probably using LLMs for writing, tracked how many papers those scientists posted before and after adopting the tools, and then checked whether the papers were later accepted by scientific journals.




Big Productivity Gains, Especially for Non Native English Speakers

The results showed a clear productivity jump linked to apparent LLM use. On arXiv, scientists flagged as using LLMs posted roughly one third more papers than those who did not appear to use AI. On bioRxiv and SSRN, the increase exceeded 50%.

The boost was largest for scientists who write in English as a second language and face extra hurdles when communicating technical work in a foreign language. For example, researchers affiliated with Asian institutions posted between 43.0% and 89.3% more papers after the detector suggested they began using LLMs, compared with similar researchers who did not appear to adopt the technology, depending on the preprint site. Yin expects the advantage could eventually shift global patterns of scientific productivity toward regions that have been held back by the language barrier.

AI Search May Broaden What Scientists Cite

The study also pointed to a potential benefit during literature searches and citation building. When researchers look for related work to cite, Bing Chat -- described as the first widely adopted AI powered search tool -- performed better at surfacing newer papers and relevant books than traditional search tools. Traditional tools, by contrast, were more likely to return older and more heavily cited sources.

"People using LLMs are connecting to more diverse knowledge, which might be driving more creative ideas," said first author Keigo Kusumegi, a doctoral student in the field of information science. He plans future research to test whether AI use is associated with more innovative and interdisciplinary science.




A New Problem for Peer Review and Research Evaluation

Even as LLMs help individuals produce more manuscripts, the same tools can make it harder for others to judge what is truly strong science. In human written papers, clearer yet more complex writing, including longer sentences and bigger words, has often been a useful signal of higher quality research. Across arXiv, bioRxiv and SSRN, papers likely written by humans that scored highly on a writing complexity test were also the most likely to be accepted by journals.

That pattern looked different for papers likely written with LLM assistance. Even when those AI flagged papers scored high on writing complexity, they were less likely to be accepted by journals. The researchers interpret this as a sign that polished language may no longer reliably reflect scientific value, and that reviewers may be rejecting some of these papers despite strong sounding writing.

Yin said this gap between writing quality and research quality could have serious consequences. Editors and reviewers may struggle more to identify the most valuable submissions, while universities and funding agencies may find that raw publication counts no longer reflect scientific contribution.

What Comes Next for Research on Generative AI

The researchers emphasize that these findings are observational. As a next step, they hope to test cause and effect using approaches such as controlled experiments, including designs where some scientists are randomly assigned to use LLMs and others are not.

Yin is also organizing a symposium on the Ithaca campus scheduled for March 3-5, 2026. The event will explore how generative AI is changing research and how scientists and policymakers can guide those changes.

As AI becomes more common for writing, coding and even generating ideas, Yin expects its influence to expand, effectively turning these systems into a kind of co scientist. He argues that policymakers should update rules to keep pace with the fast moving technology.

"Already now, the question is not, have you used AI? The question is, how exactly have you used AI and whether it's helpful or not."

Study Authors and Funding

Co authors include Xinyu Yang, a doctoral student in the field of computer science; Paul Ginsparg, professor of information science in Cornell Bowers and of physics in the College of Arts and Sciences, and founder of arXiv; and Mathijs de Vaan and Toby Stuart of the University of California, Berkeley.

The research was supported by the National Science Foundation.
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We are living in a golden age of species discovery | ScienceDaily
Roughly three centuries ago, Swedish naturalist Carl Linnaeus set out to catalog and name every living organism he could find. He is now widely regarded as the founder of modern taxonomy after introducing the binomial naming system and formally describing more than 10,000 species of plants and animals. Scientists have continued that mission ever since, steadily expanding humanity's understanding of Earth's biodiversity.


						
A new study led by researchers at the University of Arizona and published in Science Advances shows that the pace of discovery is accelerating. Today, scientists are identifying more than 16,000 new species each year, the highest rate ever recorded. The researchers say this trend is not slowing and suggest that groups such as plants, fungi, arachnids, fishes and amphibians are far more diverse than previously believed.

"Some scientists have suggested that the pace of new species descriptions has slowed down and that this indicates that we are running out of new species to discover, but our results show the opposite," said John Wiens, a professor in the University of Arizona Department of Ecology and Evolutionary Biology, in the College of Science, and senior author of the paper. "In fact, we're finding new species at a faster rate than ever before."

What the Data Reveal About Global Biodiversity

To reach their conclusions, the team examined the taxonomic records of roughly 2 million species from across all major forms of life. Looking at the most recent period with comprehensive data, between 2015 and 2020, they found that researchers documented an average of more than 16,000 new species per year. These discoveries included more than 10,000 animals (dominated by arthropods and insects), about 2,500 plants, and roughly 2,000 fungi.

"Our good news is that this rate of new species discovery far outpaces the rate of species extinctions, which we calculated to about 10 per year," said Wiens, referring to another study he led that was published in October. "These thousands of newly found species each year are not just microscopic organisms, but include insects, plants, fungi and even hundreds of new vertebrates."

More Species Than Ever and Many Still Undiscovered

Wiens and his co-authors found that scientists are describing more species annually than at any other time in history. They also used long-term trends in discovery rates to estimate how many species may exist overall. Their projections suggest there could be as many as 115,000 fish species and 41,000 amphibian species, compared with about 42,000 fish and 9,000 amphibians currently described. The researchers also estimate that the total number of plant species could exceed half a million.




"As the famous ecologist Robert May said, if visiting aliens asked us how many species live on our planet, we would have no definitive answer," said Wiens. "Right now, we know of about 2.5 million species, but the true number may be in the tens or hundreds of millions or even the low billions."

The team expects the discovery rate to keep rising. For instance, scientists have formally identified around 1.1 million insect species, but many researchers estimate the real number is closer to 6 million. In earlier work, Wiens suggested the total could even approach 20 million.

"Right now, most new species are identified by visible traits," said Wiens. He explained that advances in molecular techniques are making it possible to detect species that look similar on the surface but differ genetically. This approach is especially promising for uncovering previously unrecognized bacteria and fungi.

Why Discovering New Species Matters

"Discovering new species is important because these species can't be protected until they're scientifically described," Wiens added. "Documentation is the first step in conservation -- we can't safeguard a species from extinction if we don't know it exists."

New discoveries also play a role in improving human health and technology. Many natural products come from living organisms, including GLP-1 receptor agonists, popular weight-loss drugs inspired by a hormone found in Gila monsters. Compounds from spider and snake venoms, along with substances produced by plants and fungi, are being studied for their potential to treat pain, cancer, and other conditions.




Beyond medicine, nature often inspires innovation. Some species have physical traits that serve as models for new materials and technologies, such as surfaces designed to mimic the "super-clinging" feet that allow geckos to scale vertical walls.

"We're still just scratching the surface of what these species can do for humanity," Wiens said.

Mapping the Future of Discovery

Looking ahead, the researchers plan to chart where new species are most frequently found to pinpoint regions rich in undiscovered life. They are also examining who is making these discoveries to see whether the field has shifted from being dominated by European scientists to researchers documenting species in their own home countries.

"Even though Linnaeus' quest to identify species began 300 years ago, 15% of all known species have been discovered in just the past 20 years," Wiens said. "So much remains unknown, and each new discovery brings us closer to understanding and protecting the incredible biodiversity of life on our planet."
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Physicists found a way to make thermodynamics work in the quantum world | ScienceDaily
In 1798, officer and physicist Benjamin Thompson (a.k.a. Count Rumford) made a simple but powerful observation while watching cannon barrels being drilled in Munich. The metal heated up continuously during the process, leading him to conclude that heat is not a physical substance. Instead, it can be produced endlessly through mechanical friction.


						
To test this idea, Rumford placed the cannon barrels in water and timed how long it took for the water to boil. His measurements showed that motion alone could generate large amounts of heat. Experiments like these laid the groundwork for thermodynamics in the 19th century. At first, this new field played a key role in the Industrial Revolution by explaining how heat could be converted efficiently into useful work, such as powering steam engines.

The Core Laws of Energy and Disorder

Today, the laws of thermodynamics are foundational knowledge for scientists. They state that in a closed system, the total amount of energy stays the same, whether it appears as heat or work. They also describe entropy, a measure of disorder, which never decreases over time.

While these principles hold true in everyday situations, problems arise when scientists try to apply them to extremely small systems governed by quantum physics. At that scale, familiar ideas about heat and work start to blur.

A Quantum Challenge to Classical Physics

Researchers at the University of Basel, led by Professor Patrick Potts, have developed a new approach to defining thermodynamic quantities for certain quantum systems. Their findings were recently published in the scientific journal Physical Review Letters.




"The problem we have with the thermodynamic description of quantum systems is that in such systems, everything is microscopic. This means that the distinction between work, which is useful macroscopic energy, and heat, or disordered microscopic motion, is no longer straightforward," doctoral student Aaron Daniel explains.

Laser Light in a Cavity

To explore this challenge, the team studied cavity resonators. These systems trap laser light between two mirrors, causing the light to bounce back and forth before some of it eventually escapes.

Laser light differs from the light produced by bulbs or LEDs because its electromagnetic waves move in perfect sync. When laser light travels through a cavity filled with atoms, this synchronization, known as coherence, can be disrupted. As a result, the light may become partly or fully incoherent (which corresponds to the disordered motion of particles). "The coherence of the light in such a laser-cavity-system was the starting point of our calculations," says Max Schrauwen, a bachelor's student involved in the study.

Work by Coherence

The researchers began by clarifying what "work" means for laser light. One example is the ability to charge a so-called quantum battery, which requires coherent light that can collectively push atoms into an excited state. A simple assumption would be that the incoming coherent light performs work, while the outgoing light, having lost some coherence, represents heat.

But the situation is more subtle. Even light that has become partially incoherent can still perform useful work, just less effectively than fully coherent light. Daniel and his colleagues examined what happens if only the coherent portion of the exiting light is counted as work, while the incoherent portion is treated as heat. With this definition, both laws of thermodynamics remain valid, showing that the framework is self-consistent.

Implications for Quantum Technology

"In the future, we can use our formalism to consider more subtle problems in quantum thermodynamics," says Daniel. This approach could prove valuable for emerging quantum technologies, including quantum networks. It may also help scientists better understand how familiar classical behavior emerges from the underlying quantum world.
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Your roommate's genes may be shaping your gut bacteria | ScienceDaily
The genes of your roommate may be shaping the bacteria in your gut, and your genes may be influencing theirs, according to a rat study published on December 18 in Nature Communications.


						
By examining more than four thousand rats, researchers found that the makeup of the gut microbiome is affected not only by an individual's own genetic makeup but also by the genes of the animals they share their living space with.

The findings point to a new way genetics and social interactions are connected. Certain commensal gut microbes can move between individuals through close contact. While genes themselves stay put, microbes do not. The study showed that some genes promote the growth of specific gut bacteria, and those bacteria can spread socially.

"This is not magic, but rather the result of genetic influences spilling over to others through social contact. Genes shape the gut microbiome and we found that it is not just our own genes that matter," says Dr. Amelie Baud, a researcher at the Centre for Genomic Regulation in Barcelona and senior author of the study.

Three new gene microbe links identified in rats

The gut microbiome consists of trillions of microorganisms living in the digestive tract, where they play important roles in digestion and overall health. Diet and medications are known to strongly influence these microbial communities, but understanding how genetics contributes has been far more challenging.

In humans, researchers have reliably linked only two genes to gut bacteria. The lactase gene determines whether adults can digest milk and affects milk digesting microbes. The ABO blood group gene also influences gut bacteria, though the exact mechanisms remain unclear.




Scientists believe additional gene microbe links likely exist, but proving them is difficult because genetic and environmental factors overlap in everyday life. Genes can shape diet and lifestyle choices, which then influence the gut microbiome. At the same time, families and friends often share food, living spaces, and microbes, making it hard to separate nature from nurture.

To overcome these challenges, researchers at the Centre for Genomic Regulation and the University of California San Diego turned to rats. Rats share many key aspects of mammalian biology and can be raised under tightly controlled conditions, including identical diets.

Each rat in the study was genetically unique and belonged to one of four separate cohorts. These cohorts were housed at different facilities across the United States and followed different care routines, allowing researchers to test whether genetic effects remained consistent across environments.

By combining genetic data with microbiome profiles from all 4,000 rats, the team identified three genetic regions that consistently influenced gut bacteria across all four cohorts.

The strongest association involved the gene St6galnac1, which adds sugar molecules to the mucus lining of the gut. This gene was linked to higher levels of Paraprevotella, a bacterium believed to feed on these sugars. This connection appeared in every cohort.

A second genetic region included several mucin genes that help form the gut's protective mucus layer and was associated with bacteria from the Firmicutes group. A third region contained the Pip gene, which produces an antibacterial molecule, and was linked to bacteria from the Muribaculaceae family. These bacteria are common in rodents and are also found in humans.




Genes can have social effects

The large size of the study allowed researchers, for the first time, to estimate how much of a rat's microbiome was shaped by its own genes versus the genes of the rats it lived with.

A familiar example of this concept, known as indirect genetic effects, occurs when a mother's genes influence her offspring's growth or immune system through the environment she provides.

In this study, controlled living conditions made it possible to examine indirect genetic effects in a new context. The researchers developed a computational model to separate the influence of a rat's own genes on its gut microbes from the influence of its social partners.

They found that the abundance of some Muribaculaceae bacteria was shaped by both direct and indirect genetic influences. This indicates that certain genetic effects can spread socially through the exchange of microbes.

When these social effects were added to a statistical model, the overall genetic influence on the three newly identified gene microbe links increased by four to eight times. The researchers caution that this may still underestimate the true extent of genetic influence.

"We've probably only uncovered the tip of the iceberg," says Dr. Baud. "These are the bacteria where the signal is strongest, but many more microbes could be affected once we have better microbiome profiling methods."

The findings describe a mechanism in which genetic effects from one individual can spread through social groups by way of gut microbes, changing the biology of others without altering their DNA.

If similar processes occur in humans, and given growing evidence that the gut microbiome plays an important role in health, genetic influences on human health may be underestimated in large population studies. Genes may shape not only an individual's disease risk, but also the disease risk of people around them.

What the findings could mean for human health

According to Dr. Baud, the microbiome has been linked to immune function, metabolism, and behavior. However, many reported associations do not necessarily reflect cause and effect, and the biological mechanisms are often unclear. Genetic studies using animal models in controlled environments can help move beyond correlations to testable explanations of how genes and gut microbes interact in health.

The researchers note that the rat gene St6galnac1 is functionally related to the human gene ST6GAL1, which has also been linked to Paraprevotella in previous studies. This suggests that the way animals coat their gut mucus with sugars may help determine which microbes thrive in the digestive system, potentially representing a shared mechanism across species.

The team also explored how this mechanism might influence infectious diseases such as COVID-19.

Other studies have linked ST6GAL1 to breakthrough SARS-CoV-2 infections, in which vaccinated individuals still become infected. Paraprevotella has also been shown to trigger the breakdown of digestive enzymes that the virus uses to enter host cells. Based on this, the researchers hypothesize that genetic variation in ST6GAL1 could affect Paraprevotella levels and, in turn, susceptibility to viral infection.

They also suggest a possible link to IgA nephropathy, an autoimmune kidney disease. Paraprevotella may alter IgA, an antibody that normally protects the gut. When altered, IgA can leak into the bloodstream and form clumps that damage the kidneys, which is a defining feature of IgA nephropathy.

Next, the researchers plan to closely examine how St6galnac1 affects Paraprevotella in rats and what chain reactions this relationship triggers in the gut and throughout the body.

"I am obsessed with this bacterium now. Our results are supported by data from four independent facilities, which means we can do follow up studies in any new setting. They're also remarkably strong compared with most host-microbiome links. It's a unique opportunity," Dr. Baud concludes.
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Why evolution rewarded ants that sacrificed protection | ScienceDaily

The question is playful and unrealistic, but it points to a serious idea: the tension between quantity and quality. New research suggests this same tradeoff has shaped evolution, especially in the rise of complex animal societies.

How ants choose numbers over toughness

A study published on December 19, 2025, in the journal Science Advances reports that some ant species organize their colonies by prioritizing numbers rather than individual strength. These ants invest less in each worker's cuticle -- the hard outer layer of the exoskeleton -- which frees up valuable nutrients. Those resources can then be used to produce more workers. According to the researchers, this approach of creating many less-protected ants instead of fewer heavily armored ones proved to be evolutionarily successful. The findings help explain how individuals can change as large, complex societies develop, including those seen in humans.

"There's this question in biology of what happens to individuals as societies they are in get more complex. For example, the individuals may themselves become simpler because tasks that a solitary organism would need to complete can be handled by a collective," said senior author Evan Economo, chair of the Department of Entomology at the University of Maryland.

In this context, individuals can become what scientists describe as "cheaper." That means they require fewer resources to build and can be produced in larger numbers, even if each one is less physically robust.

"That idea hasn't been explicitly tested with large-scale analyses of social insects until now," said Economo, who also holds the James B. Gahan and Margaret H. Gahan Professorship at UMD.




Why ants are ideal for studying social evolution

Ants offer an unusually good system for exploring how complex societies evolve. Depending on the species, ant colonies can range from just a few dozen members to many millions.

"Ants are everywhere," said lead author Arthur Matte, a Ph.D. student in zoology at the University of Cambridge. "Yet the fundamental biological strategies which enabled their massive colonies and extraordinary diversification remain unclear."

The research team proposed that colony size might be linked to how much ants invest in their cuticle.

The cost of building body armor

The cuticle plays several important roles. It helps protect ants from predators, drying out, and disease, and it provides structural support for their muscles. At the same time, it is expensive to produce because it requires limited nutrients such as nitrogen and various minerals. Making a thicker cuticle uses more of these resources, which could restrict how many individuals a colony can support.




To investigate this idea, the researchers analyzed a large dataset of 3D X-ray scans from more than 500 ant species. They measured both total body volume and cuticle volume, finding that investment in the cuticle varied widely, from 6% to 35% of an ant's body. When these measurements were fed into evolutionary models, a clear trend emerged: species that devoted less of their body to cuticle tended to form larger colonies.

Bigger colonies through collective strength

While thinner cuticles leave individual ants more vulnerable, the authors suggest this tradeoff may actually encourage the growth of large societies. Reduced armor may go hand in hand with other helpful social traits, including cooperative foraging, shared nest defense, and division of labor, all of which tend to become more pronounced as colonies grow.

"Ants reduce per-worker investment in one of the most nutritionally expensive tissues for the good of the collective," Matte explained. "They're shifting from self-investment toward a distributed workforce, resulting in more complex societies. It's a pattern that echoes the evolution of multicellularity, where cooperative units can be individually simpler than a solitary cell, yet collectively capable of far greater complexity."

The researchers also found that lower investment in the cuticle was linked to higher diversification rates. Biologists often use diversification, which reflects how frequently new species form, as a marker of evolutionary success. Economo noted that very few traits have been connected to diversification in ants, making this result especially striking.

Why less armor may lead to more species

Exactly why reduced cuticle investment promotes speciation is still unclear. One leading idea is that ants with lower nutritional demands can expand into environments where resources are limited.

"Requiring less nitrogen could make them more versatile and able to conquer new environments," said Matte, who began the work during his master's program while interning in Economo's lab at the Okinawa Institute of Science and Technology in Japan.

The authors also suggest that as ant societies became more complex, group-level defenses such as collective nest protection and disease control reduced the need for heavy individual armor. This may have created a reinforcing cycle. Lower cuticle investment allows colonies to grow larger, and larger colonies further reduce the pressure for each ant to be strongly protected.

"I think of this as the evolution of squishability," laughed Economo. "Many kids have discovered that insects aren't all equally robust."

Other social organisms, including termites, may have followed similar evolutionary paths, although that possibility still needs further testing.

What ant societies can teach us about humans

The findings also have implications beyond insects. The researchers draw parallels to human military history, where heavily armored knights were eventually replaced by specialized soldiers such as archers and crossbowmen. Economo also pointed to Lanchester's Laws -- mathematical equations developed during World War I that examine when large numbers of weaker fighters can overpower a smaller force of stronger ones.

"The tradeoff between quantity and quality is all around. It's in the food you eat, the books you read, the offspring you want to raise," Matte said. "It was fascinating to retrace how ants handled it through their long evolution. We could see lineages taking different directions, being shaped by different constraints and environments, and ultimately giving rise to the extraordinary diversity we observe today."

The paper, "The evolution of cheaper workers facilitated larger societies and accelerated diversification in ants," was published in the journal Science Advances on December 19, 2025.

This research was supported by the Okinawa Institute of Science and Technology, the Japan Society for the Promotion of Science KAKENHI (24K01785), the University of Cambridge and the General Research Fund 2022/2023 (17121922) from the Research Grant Council of Hong Kong. This article does not necessarily reflect the views of these organizations.
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A new drug could stop Alzheimer's before memory loss begins | ScienceDaily
An experimental drug developed at Northwestern University has demonstrated further promise as an early intervention for Alzheimer's disease.


						
In a new study, Northwestern scientists identified a previously unknown highly toxic sub-species of amyloid beta oligomers -- toxic clusters of peptides -- that appear to drive several of the brain's earliest changes, including neuronal dysfunction, inflammation and activation of immune cells.

The experimental drug, a small-molecule compound called NU-9, decreased this toxic amyloid beta oligomersubtype and dramatically reduced the damage it causes in a mouse model of Alzheimer's disease. By addressing these changes at the onset of Alzheimer's disease, the researchers are hopeful NU-9 potentially could prevent, or significantly delay, the cascade of toxic events that ultimately destroy neurons.

The findings point to a potential new strategy for targeting the disease in its earliest stages -- before cognitive decline and other debilitating symptoms take hold.

The study will be published on Dec. 18 in Alzheimer's and Dementia: The Journal of the Alzheimer's Association.

"Alzheimer's disease begins decades before its symptoms appear, with early events like toxic amyloid beta oligomers accumulating inside neurons and glial cells becoming reactive long before memory loss is apparent," said Northwestern's Daniel Kranz, the study's first author. "By the time symptoms emerge, the underlying pathology is already advanced. This is likely a major reason many clinical trials have failed. They start far too late. In our study, we administered NU-9 before symptom onset, modeling this early, pre-symptomatic window."

Kranz is a recent Ph.D. graduate from the Interdisciplinary Biological Sciences (IBiS) program at Northwestern's Weinberg College of Arts and Sciences, where he is advised by corresponding author William Klein. An expert on Alzheimer's disease, Klein is a professor of neurobiology at Weinberg and a cofounder of Acumen Pharmaceuticals, which has developed a therapeutic monoclonal antibody currently in clinical trials that targets the subtype of amyloid beta oligomers identified in the study. Richard Silverman, a key co-author of the study, invented NU-9. Silverman, who previously invented pregabalin (Lyrica) to treat fibromyalgia, nerve pain and epilepsy, is the Patrick G. Ryan/Aon Professor in Weinberg's Department of Chemistry and founder of Akava Therapeutics, a startup company commercializing NU-9 (now called AKV9).




The promise of NU-9

Conceived about 15 years ago, NU-9 emerged as part of Silverman's multi-year effort to discover a small molecule compound that could prevent toxic protein aggregate buildup in neurodegenerative diseases. By 2021, NU-9 demonstrated efficacy in animal models of amyotrophic lateral sclerosis (ALS), clearing toxic SOD1 and TDP-43 proteins and restoring health to upper motor neurons. In 2024, it received clearance from the U.S. Food and Drug Administration to begin human clinical trials for ALS.

Earlier this year, Silverman, Klein and Kranz demonstrated that NU-9 also could effectively treat Alzheimer's disease. In the previous study, NU-9 showed it could clear toxic amyloid beta oligomers in lab-grown brain cells from the hippocampus, a region critical for learning and memory.

"In both ALS and Alzheimer's disease, cells suffer from toxic protein buildup," Klein said. "Cells have a mechanism to get rid of these proteins, but it gets damaged in degenerative diseases like ALS and Alzheimer's. NU-9 is rescuing the pathway that saves the cell."

Early intervention

To further investigate the drug's potential in treating Alzheimer's disease, the team wanted to evaluate its effectiveness at halting the earliest damage. In the new study, the researchers administered NU-9 to a pre-symptomatic mouse model of Alzheimer's disease. The mice received a daily oral dose for 60 days.




The results were striking. NU-9 significantly reduced early reactive astrogliosis, an inflammatory reaction that typically begins long before symptoms appear. The number of toxic amyloid beta oligomers bound to astrocytes (star-shaped brain cells that protect neurons and control inflammation) also plummeted. And an abnormal form of the protein TDP-43 -- a hallmark of neurodegenerative diseases that is linked to cognitive impairments -- sharply decreased.

"These results are stunning," Klein said. "NU-9 had an outstanding effect on reactive astrogliosis, which is the essence of neuroinflammation and linked to the early stage of the disease."

The improvements spanned multiple regions of the brain, indicating that NU-9 has a brain-wide anti-inflammatory effect.

A hidden culprit

While investigating the effects of NU-9 on the pre-symptomatic mouse model, the research team found an unexpected culprit. For decades, scientists have considered amyloid beta oligomers as more toxic than the larger amyloid beta fibrils that form plaques, which appear later in Alzheimer's disease. But not all amyloid beta oligomers are the same. The Northwestern scientists discovered one uniquely problematic subtype.

"We identified a distinct amyloid beta oligomer subtype that appears inside neurons and on nearby reactive astrocytes very early in the disease," Kranz said. "It potentially acts as an instigator of early Alzheimer's pathology."

Called ACU193+ because it is detected by the antibody ACU193, the subtype shows up early inside of stressed neurons, the scientists found. Then, these oligomers appear to migrate to the surfaces of nearby astrocytes. When ACU193+ oligomers latch onto astrocytes, they may spark a cascade of inflammation that spreads throughout the brain, long before memory loss begins.

A potential prophylaxis

NU-9 targeted and dramatically reduced this subtype, suggesting the drug may be especially valuable at Alzheimer's earliest stages, when intervention is most effective. By reducing this subtype, NU-9 potentially could prevent the activation of astrocytes.

Although they serve as the brain's frontline responders, astrocytes become destructive when pushed into a reactive state. This destructive behavior damages synapses, releases inflammatory molecules and accelerates neurodegeneration. Stopping this process might be one of the most powerful ways to slow the progression of Alzheimer's disease.

Kranz and Silverman likened the strategy to early intervention approaches for preventing cancer and heart disease.

"Most people are used to monitoring their cholesterol levels," Silverman said. "If you have high cholesterol, it doesn't mean that you will have a heart attack soon. But it's time to take drugs to lower your cholesterol levels to prevent that heart attack from happening down the road. NU-9 could play a similar role. If someone has a biomarker signaling Alzheimer's disease, then they could start taking NU-9 before symptoms appear."

"There are a couple early diagnostic blood tests for Alzheimer's disease in development," Klein added. "The promise of better early diagnostics -- combined with a drug that could stop the disease in its tracks -- is the goal."

Currently, the team is testing NU-9 in additional models of Alzheimer's disease, including an animal model of late-onset disease that better reflects typical human aging. The researchers also plan to follow animals for a longer period of time to determine whether symptoms develop in treated animals and plan to examine how early intervention with NU-9 affects memory and neuron health over time.

The study, "Identification of a glia-associated amyloid beta oligomer subtype and the rescue from reactive astrogliosis by inhibitor NU-9," was supported by the National Institute of Health (grant AG061708).
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This simulation reveals what really happens near black holes | ScienceDaily
After decades of steady progress, computational astrophysicists have reached a major turning point in black hole research. A new study presents the most detailed and complete model yet of luminous black hole accretion, the process by which black holes pull in surrounding matter and emit intense radiation. Using some of the most powerful supercomputers on Earth, the researchers successfully calculated how matter flows into black holes while fully accounting for both Einstein's theory of gravity and the dominant role of radiation, without relying on simplifying shortcuts.


						
This achievement marks the first time such calculations have been carried out in full general relativity under radiation-dominated conditions. The results open a new window into how black holes behave in extreme environments that were previously out of reach for simulations.

Who Led the Research and Where It Was Published

The study was published in The Astrophysical Journal and led by scientists from the Institute for Advanced Study and the Flatiron Institute's Center for Computational Astrophysics. It represents the first paper in a planned series that will introduce the team's new computational framework and apply it to different types of black hole systems.

"This is the first time we've been able to see what happens when the most important physical processes in black hole accretion are included accurately. These systems are extremely nonlinear -- any over-simplifying assumption can completely change the outcome. What's most exciting is that our simulations now reproduce remarkably consistent behaviors across black hole systems seen in the sky, from ultraluminous X-ray sources to X-ray binaries. In a sense, we've managed to 'observe' these systems not through a telescope, but through a computer," said lead author Lizhong Zhang.

Zhang is a joint postdoctoral research fellow at the Institute for Advanced Study's School of Natural Sciences and the Flatiron Institute's Center for Computational Astrophysics. He began the project during his first year at IAS (2023-24) and continued the work at Flatiron.

Why Black Hole Models Need Relativity and Radiation

Any realistic model of a black hole must include general relativity, since the intense gravity of these objects bends space and time in extreme ways. But gravity alone is not enough. When large amounts of matter fall toward a black hole, enormous energy is released in the form of radiation. Accurately tracking how that radiation moves through curved spacetime and interacts with nearby gas is essential for understanding what astronomers actually observe.




Until now, simulations could not fully handle this combination of effects. Like simplified classroom models that capture only part of a real system, earlier approaches relied on assumptions that made the calculations manageable but incomplete.

"Previous methods used approximations that treat radiation as a sort of fluid, which does not reflect its actual behavior," Zhang explained.

Solving the Full Equations Without Shortcuts

Those approximations were once unavoidable because the underlying equations are extraordinarily complex and demand massive computational resources. By combining insights developed over many years, the team created new algorithms capable of solving these equations directly, without approximations.

"Ours is the only algorithm that exists at the moment that provides a solution by treating radiation as it really is in general relativity," Zhang said.

This breakthrough allows researchers to simulate black hole environments with a level of realism that was previously impossible.




Focusing on Stellar Mass Black Holes

The study focuses on stellar mass black holes, which typically have about 10 times the mass of the Sun. These objects are much smaller than Sgr A*, the supermassive black hole at the center of the Milky Way, but they offer unique advantages for study.

While astronomers have produced detailed images of supermassive black holes, stellar mass black holes appear only as tiny points of light. Scientists must analyze their emitted light by breaking it into a spectrum, which reveals how energy is distributed around the black hole. Because stellar mass black holes evolve over minutes to hours rather than years or centuries, they allow researchers to observe rapid changes in real time.

Simulations That Match Real Observations

Using their new model, the researchers followed how matter spirals inward, forming turbulent, radiation-dominated disks around stellar mass black holes. The simulations also showed strong winds flowing outward and, in some cases, the formation of powerful jets.

Crucially, the simulated light spectra closely matched what astronomers observe from real systems. This strong agreement makes it possible to draw more confident conclusions from limited observational data and deepens scientists' understanding of how these distant objects operate.

Supercomputers Powering the Breakthrough

The Institute for Advanced Study has a long history of advancing science through computational modeling. One early milestone was the Electronic Computer Project led by founding Professor (1933-55) John von Neumann, which influenced fields ranging from fluid dynamics to climate science and nuclear physics.

Continuing that tradition, Zhang and his colleagues were granted access to two of the world's most powerful supercomputers, Frontier at Oak Ridge National Laboratory and Aurora at Argonne National Laboratory. These exascale machines can perform a quintillion calculations per second and occupy thousands of square feet -- recalling the massive size of the earliest computers.

Harnessing this computing power required sophisticated mathematics and software designed specifically for the task. Christopher White of the Flatiron Institute and Princeton University led the development of the radiation transport algorithm. Patrick Mullen, Member (2021-22) in the School of Natural Sciences and now at Los Alamos National Laboratory, led the integration of this algorithm into the AthenaK code, which is optimized for exascale systems.

What Comes Next for Black Hole Research

The team plans to test whether their approach can be applied to all types of black holes. Beyond stellar mass systems, the simulations may also shed new light on supermassive black holes, which play a central role in shaping galaxies. Future work will further refine how radiation interacts with matter across a wide range of temperatures and densities.

"What makes this project unique is, on the one hand, the time and effort it has taken to develop the applied mathematics and software capable of modeling these complex systems, and, on the other hand, having a very large allocation on the world's largest supercomputers to perform these calculations," said co-author James Stone, Professor in the Institute for Advanced Study's School of Natural Sciences. "Now the task is to understand all the science that is coming out of it.
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This cancer-fighting molecule took 50 years to build | ScienceDaily
MIT chemists have produced verticillin A in the lab for the first time. This fungal molecule was identified more than 50 years ago and has drawn attention for its potential as an anticancer agent.


						
Verticillin A is notoriously hard to build because of its intricate chemical architecture. Even compared with closely related compounds, it proved far more challenging to synthesize, despite differing by only a couple of atoms.

"We have a much better appreciation for how those subtle structural changes can significantly increase the synthetic challenge," says Mohammad Movassaghi, an MIT professor of chemistry. "Now we have the technology where we can not only access them for the first time, more than 50 years after they were isolated, but also we can make many designed variants, which can enable further detailed studies."

In lab tests using human cancer cells, one verticillin A derivative stood out against a pediatric brain cancer known as diffuse midline glioma. The researchers emphasize that additional testing is needed to assess whether it could eventually be useful in the clinic.

Movassaghi and Jun Qi, an associate professor of medicine at Dana-Farber Cancer Institute/Boston Children's Cancer and Blood Disorders Center and Harvard Medical School, are the senior authors of the study, published in the Journal of the American Chemical Society. Walker Knauss PhD '24 is the paper's lead author. Xiuqi Wang, a medicinal chemist and chemical biologist at Dana-Farber, and Mariella Filbin, research director in the Pediatric Neurology-Oncology Program at Dana-Farber/Boston Children's Cancer and Blood Disorders Center, are also authors.

Why This Fungal Molecule Was So Hard to Make

Researchers first reported isolating verticillin A from fungi in 1970. Fungi use the compound to help defend themselves from pathogens. Verticillin A and similar fungal molecules have been explored for possible anticancer and antimicrobial activity, but their complexity has made them difficult to synthesize.




In 2009, Movassaghi's lab reported the synthesis of (+)-11,11'-dideoxyverticillin A, a compound closely related to verticillin A. That molecule contains 10 rings and eight stereogenic centers, meaning carbon atoms that each connect to four different chemical groups. Those groups must be positioned with the correct orientation, or stereochemistry, relative to the rest of the molecule.

Even after that earlier success, verticillin A itself remained out of reach. The key difference between verticillin A and (+)-11,11'-dideoxyverticillin A is two oxygen atoms, but those additions made a major difference in how the molecule behaves during synthesis.

"Those two oxygens greatly limit the window of opportunity that you have in terms of doing chemical transformations," Movassaghi says. "It makes the compound so much more fragile, so much more sensitive, so that even though we had had years of methodological advances, the compound continued to pose a challenge for us."

Rethinking the Chemistry Step by Step

Both versions of the verticillin molecule are built from two identical halves that must be connected into a structure called a dimer. In the earlier synthesis of (+)-11,11'-dideoxyverticillin A, the team carried out the dimerization near the end of the process and then formed four crucial carbon-sulfur bonds.

When they tried to apply that same sequencing to verticillin A, it did not work. Adding the carbon-sulfur bonds late in the process failed to deliver the correct stereochemistry, forcing the team to redesign the entire order of steps.




"What we learned was the timing of the events is absolutely critical. We had to significantly change the order of the bond-forming events," Movassaghi says.

The new synthesis starts from an amino acid derivative called beta-hydroxytryptophan. From there, the researchers build the structure in stages, adding chemical functional groups, including alcohols, ketones, and amides, while carefully controlling stereochemistry at each step.

To guide that control, the team introduced a group containing two carbon-sulfur bonds and a disulfide bond early in the process. Because disulfides are sensitive, they had to be "masked" by converting them into a protected pair of sulfides so the structure would not break down during later reactions. After dimerization, the disulfide-containing groups were restored.

"This particular dimerization really stands out in terms of the complexity of the substrates that we're bringing together, which have such a dense array of functional groups and stereochemistry," Movassaghi says.

In total, the route takes 16 steps from the beta-hydroxytryptophan starting material to reach verticillin A.

Early Tests Against Diffuse Midline Glioma

With verticillin A finally accessible, the researchers could also adjust the approach to create derivates. A Dana-Farber team tested these molecules against several types of diffuse midline glioma (DMG), a rare brain tumor with limited treatment options.

The strongest effects appeared in DMG cell lines that produce high levels of a protein called EZHIP. EZHIP influences DNA methylation and has previously been flagged as a potential drug target for DMG.

"Identifying the potential targets of these compounds will play a critical role in further understanding their mechanism of action, and more importantly, will help optimize the compounds from the Movassaghi lab to be more target specific for novel therapy development," Qi says.

The verticillin derivatives seem to affect EZHIP in a way that increases DNA methylation, which pushes the cancer cells into programmed cell death. The most effective molecules in these experiments were N-sulfonylated (+)-11,11'-dideoxyverticillin A and N-sulfonylated verticillin A. N-sulfonylation -- the addition of a functional group containing sulfur and oxygen -- improves molecular stability.

"The natural product itself is not the most potent, but it's the natural product synthesis that brought us to a point where we can make these derivatives and study them," Movassaghi says.

Next, the Dana-Farber researchers plan to further confirm how the verticillin derivatives work, and they hope to test the compounds in animal models of pediatric brain cancers.

"Natural compounds have been valuable resources for drug discovery, and we will fully evaluate the therapeutic potential of these molecules by integrating our expertise in chemistry, chemical biology, cancer biology, and patient care. We have also profiled our lead molecules in more than 800 cancer cell lines, and will be able to understand their functions more broadly in other cancers," Qi says.

The research was funded by the National Institute of General Medical Sciences, the Ependymoma Research Foundation, and the Curing Kids Cancer Foundation.
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This fish-inspired filter removes over 99% of microplastics | ScienceDaily
Wastewater from washing machines is widely seen as a major source of microplastics -- tiny plastic particles suspected of harming both people and animals. To help reduce that pollution, researchers at the University of Bonn have created a new filter based on a natural model: the gill arch system in fish. In early tests, the patent-pending device removed more than 99 percent of plastic fibers from washing machine wastewater. The findings were published in the journal npj Emerging Contaminants.


						
A washing machine used by a four-person household can generate up to 500 grams of microplastics each year, largely due to fibers wearing off textiles during washing. That makes everyday laundry one of the most important sources of these particles. Today, much of that material ends up in the sewage sludge produced at wastewater treatment plants. Because this sludge is often applied as fertilizer, the fibers can ultimately be spread onto fields.

Why existing washing machine filters fall short

Because of the scale of the problem, many manufacturers have been looking for ways to remove microplastics from wash water before it reaches the environment. "The filter systems available so far, however, have various disadvantages," explains Dr. Leandra Hamann from the Institute for Organismic Biology at the University of Bonn. "Some of them quickly become clogged, others do not offer adequate filtration."

Hamann, working with her doctoral supervisor Dr. Alexander Blanke and other colleagues, turned to biology for ideas. The team focused on fish that act as expert natural filters -- the result of hundreds of millions of years of evolution.

Some fish feed by filtering water, including mackerel, sardines, and anchovies. They swim with open mouths and capture plankton using their gill arch system. "We took a closer look at the construction of this system and used it as the model for developing a filter that can be used in washing machines," says Blanke, who is a member of the transdisciplinary research areas "Life & Health" and "Sustainable Futures" at the University of Bonn.

How fish gills inspired a self-cleaning filter design

Over time, these fish evolved a strategy similar to cross-flow filtration. Their gill arch system forms a funnel that is widest at the mouth and narrows toward the gullet. The funnel's walls are formed by branchial arches, which include comb-like structures. Those structures are covered in tiny teeth, creating a mesh stretched across the arches.




"During food intake, the water flows through the permeable funnel wall, is filtered, and the particle-free water is then released back into the environment via the gills," explains Blanke. "However, the plankton is too big for this; it is held back by the natural sieve structure. Thanks to the funnel shape, it then rolls towards the gullet, where it is collected until the fish swallows, which empties and cleans the system."

That same idea helps prevent clogs. Instead of slamming directly into a flat barrier, particles move along the surface and are guided onward toward the gullet. The approach is also highly efficient, since it removes almost all plankton from the water. A washing machine microplastic filter needs both strengths: strong capture and resistance to blockage. To build a version for laundry, the researchers recreated the gill arch system and tested different mesh sizes and funnel opening angles.

Test results, manufacturing costs, and microplastic removal

"We have thus found a combination of parameters that enable our filter to separate more than 99 percent of the microplastics out of the water but not become blocked," says Hamann. The team reached that result by combining lab experiments with computer simulations. Because the nature-based design avoids complicated moving parts, it should be inexpensive to produce.

Captured microplastics collect at the filter outlet and are suctioned away several times per minute. Hamann, who has since moved to the University of Alberta in Edmonton, Canada, says the collected material could be pressed inside the machine to squeeze out remaining water. The resulting plastic pellet could then be removed every few dozen washes and thrown away with general waste.

Patents, industry hopes, and health concerns

The University of Bonn team and the Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT have already applied for a patent in Germany, and EU-wide patenting is now in progress. The researchers hope manufacturers will refine the design and build it into future washing machines. That could reduce the spread of textile-based microplastics, at least to some extent. The need is pressing: analyses suggest these particles may cause serious health harm. They have already been detected in breast milk and in the placenta -- and even in the brain.




Participating institutions and funding

In addition to the University of Bonn, the Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT contributed to the study. Funding came from the Federal Ministry of Research, Technology and Space (BMFTR) and the European Research Council (ERC). Support for protecting and marketing the invention is being provided by the Transfer Center enaCom at the University of Bonn in close cooperation with PROvendis GmbH, a service provider for the NRW university network for knowledge and technology transfer "innovation2business.nrw."
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Dinosaur bones found almost on top of each other in Transylvania | ScienceDaily
The Hateg Basin in Transylvania has long been known around the world for its dinosaur fossils, uncovered at dozens of sites over the last hundred years. Even so, complete dinosaur discoveries are usually uncommon across the region. That pattern changed with the identification of a newly studied site where scientists documented more than 100 vertebrate fossils per square meter, including large dinosaur bones lying almost directly on top of one another.


						
Years of Fieldwork Lead to an Exceptional Fossil Find

For more than five years, the Valiora Dinosaur Research Group, made up of Hungarian and Romanian paleontologists, has been carrying out fieldwork in the western Hateg Basin. The rocks examined there date back to the Upper Cretaceous and capture the final few million years before dinosaurs disappeared. Excavations have revealed fossil-rich deposits containing thousands of remains from amphibians, turtles, crocodiles, dinosaurs, pterosaurs, and mammals.

Among all the sites explored, one location known as K2 stands out. From an area measuring less than five square meters, researchers recovered more than 800 vertebrate fossils, making it the richest site documented so far. The full scientific analysis of this discovery was recently published in the journal PLOS ONE.

A Defining Moment in the Field

"In 2019, during our first field survey in the Hateg Basin, we almost immediately came across the K2 site. It was a defining moment for us -- we instantly noticed dozens of large, exceptionally well-preserved black dinosaur bones gleaming in the grey clay layers exposed in the streambed. We immediately began our work, and through several years of excavation we collected an extraordinarily rich vertebrate assemblage from the site," explained Gabor Botfalvai, assistant professor at the Department of Paleontology, Eotvos Lorand University, and leader of the research group.

How Ancient Floods Created a Bone-Rich Landscape

About 72 million years ago, the region that is now the Hateg Basin experienced a warm, subtropical climate shaped by temporary river systems. These rivers flowed from higher terrain toward the basin and frequently spilled over their banks during heavy rainfall. As floodwaters surged downstream, they gathered animal carcasses from the surface, along with living creatures and skeletal remains caught in their path.




"Detailed study of the rocks at the K2 site indicates that a small lake once existed here, which was periodically fed by flash floods carrying animal carcasses. As the flow of the rivers slowed rapidly upon entering the lake, the transported bodies accumulated in the deltaic environment along the shore, producing this exceptionally high bone concentration," said Soma Budai, researcher at the University of Pavia and co-author of the publication.

Rare Dinosaur Skeletons Reveal New Scientific Insights

The K2 site produced far more than scattered bones. Researchers also identified several partial dinosaur skeletons that remained associated with one another. These fossils represent two separate plant-eating dinosaur species. One group belongs to a roughly two-meter-long dinosaur from the Rhabdodontidae family, a species commonly found in the Hateg Basin that likely moved mainly on two legs.

The second group of skeletons marks a major breakthrough. These remains belong to a titanosaurian sauropod, a long-necked dinosaur for which no comparably well-preserved skeletons had ever been discovered in Transylvania. Ongoing analysis of these fossils is expected to improve scientists' understanding of how this dinosaur fits into the broader evolutionary family tree.

The Oldest Known Vertebrate Accumulation in the Basin

"Besides the remarkably high bone concentration, another key significance of this newly described site is that it represents the oldest known vertebrate accumulation in the Hateg Basin. Studying this fossil assemblage allows us to look into the earliest composition of the Hateg dinosaur fauna and trace the evolutionary directions and processes leading toward the dinosaurs known from younger Transylvanian sites -- revealing how these Late Cretaceous ecosystems were similar or different from one another," added Zoltan Csiki-Sava, associate professor at the University of Bucharest and Romanian leader of the research team.




Reconstructing Dinosaur Life in Ancient Europe

The fossils described in this study, together with discoveries still emerging from ongoing excavations in the Hateg Basin, are helping scientists refine their understanding of how dinosaur communities evolved across (Eastern) Europe during the Late Cretaceous. These finds provide valuable clues about how ancient ecosystems formed, changed, and responded to environmental forces near the end of the age of dinosaurs.

The research was supported by the National Research, Development and Innovation Office of Hungary (NKFIH), the Supervisory Authority for Regulatory Affairs of Hungary, the Romanian Ministry of Research, Innovation and Digitalization, and the University of Bucharest.
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MIT scientists strip cancer of its sugar shield | ScienceDaily
A research team from MIT and Stanford University has developed a new technique designed to push the immune system to go after tumor cells. The strategy is aimed at helping cancer immunotherapy succeed in far more patients than it does today.


						
At the center of the work is a way to undo a built in "brake" that tumors can trigger to keep immune cells from attacking. That brake is tied to sugars called glycans, which sit on the surface of cancer cells.

The scientists found that blocking these glycans with proteins known as lectins can greatly strengthen immune activity against cancer cells. To do this in a targeted way, they built multifunctional molecules called AbLecs that pair a lectin with an antibody that homes in on tumors.

"We created a new kind of protein therapeutic that can block glycan-based immune checkpoints and boost anti-cancer immune responses," says Jessica Stark, the Underwood-Prescott Career Development Professor in the departments of Biological Engineering and Chemical Engineering. "Because glycans are known to restrain the immune response to cancer in multiple tumor types, we suspect our molecules could offer new and potentially more effective treatment options for many cancer patients."

Stark, who is also a member of MIT's Koch Institute for Integrative Cancer Research, led the study as the paper's lead author. Carolyn Bertozzi, a Stanford professor of chemistry and director of the Sarafan ChEM Institute, served as the senior author. The findings were published in Nature Biotechnology.

How Cancer Uses Immune Brakes

One of the biggest goals in cancer treatment is teaching the immune system to spot tumor cells and eliminate them. A major group of immunotherapy drugs called checkpoint inhibitors works by interrupting the interaction between two proteins, PD-1 and PD-L1. By blocking that connection, these medicines remove a brake that tumors use to keep immune cells such as T cells from killing cancer cells.




Checkpoint inhibitors that target the PD-1 PD-L1 pathway are already approved for several cancers. For some people, they can produce long lasting remission. For many others, however, they provide little benefit or none at all.

Because of that gap, researchers are searching for other ways tumors suppress the immune system. One promising target involves interactions between tumor glycans and receptors on immune cells.

Siglecs, Sialic Acid, and a Sugar Based Checkpoint

Glycans appear on nearly all living cells, but cancer cells often carry versions not found on healthy cells. Many of these tumor specific glycans include a sugar building block called sialic acid. When sialic acids attach to lectin receptors on immune cells, they can switch on an immune dampening pathway. The lectins that recognize sialic acid are called Siglecs.

"When Siglecs on immune cells bind to sialic acids on cancer cells, it puts the brakes on the immune response. It prevents that immune cell from becoming activated to attack and destroy the cancer cell, just like what happens when PD-1 binds to PD-L1," Stark says.

So far, no approved medicines directly target the Siglec sialic acid interaction, even though many approaches have been explored. One idea has been to create lectins that bind to sialic acids and block their contact with immune cells. But this has struggled because lectins typically do not bind strongly enough to build up in large numbers on the surface of cancer cells.




AbLecs Combine Antibodies and Lectins

To solve that problem, Stark and her team used antibodies as delivery vehicles to bring more lectins to tumors. The antibody portion targets cancer cells, and once it arrives, the attached lectin can bind sialic acid. That blocks sialic acid from engaging Siglec receptors on immune cells, which lifts the immune brake and lets immune cells including macrophages and natural killer (NK) cells attack the tumor.

"This lectin binding domain typically has relatively low affinity, so you can't use it by itself as a therapeutic. But, when the lectin domain is linked to a high-affinity antibody, you can get it to the cancer cell surface where it can bind and block sialic acids," Stark says.

A Plug and Play Design Tested in Cells and Mice

For this study, the researchers built an AbLec using trastuzumab, an antibody that binds to HER2 and is approved for treating breast, stomach, and colorectal cancers. To create the AbLec, they replaced one arm of the antibody with a lectin, choosing either Siglec-7 or Siglec-9.

In lab experiments with cultured cells, this AbLec changed how immune cells behaved, pushing them to attack and kill cancer cells.

The team also tested the AbLecs in mice engineered to express human Siglec receptors and human antibody receptors. After the mice were given cancer cells that formed lung metastases, treatment with the AbLec led to fewer lung metastases than treatment with trastuzumab alone.

The researchers also demonstrated that the approach is flexible. They could swap in different tumor targeting antibodies such as rituximab, which targets CD20, or cetuximab, which targets EGFR. They could also exchange the lectin portion to target other immunosuppressive glycans, or use antibodies that target checkpoint proteins such as PD-1.

"AbLecs are really plug-and-play. They're modular," Stark says. "You can imagine swapping out different decoy receptor domains to target different members of the lectin receptor family, and you can also swap out the antibody arm. This is important because different cancer types express different antigens, which you can address by changing the antibody target."

Next Steps and Funding

Stark, Bertozzi, and colleagues have launched a company called Valora Therapeutics to develop lead AbLec candidates. They aim to start clinical trials in the next two to three years.

Funding for the work came in part from a Burroughs Wellcome Fund Career Award at the Scientific Interface, a Society for Immunotherapy of Cancer Steven A. Rosenberg Scholar Award, a V Foundation V Scholar Grant, the National Cancer Institute, the National Institute of General Medical Sciences, a Merck Discovery Biologics SEEDS grant, an American Cancer Society Postdoctoral Fellowship, and a Sarafan ChEM-H Postdocs at the Interface seed grant.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251222044058.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Hidden brain maps that make empathy feel physical | ScienceDaily
In a global research collaboration, neuroscientists Nicholas Hedger (University of Reading) and Tomas Knapen (Netherlands Institute for Neuroscience & Vrije Universiteit Amsterdam) set out to better understand how humans experience the world. Their work revealed how the brain converts visual information into sensations of touch, helping create a lived, physical sense of reality. As Knapen notes, "This aspect of human experience is a fantastic area for AI development."


						
Picture yourself cooking with a friend when they suddenly cut their finger. Almost instantly, you might wince, make a face, or even pull your own hand away. These reactions happen within milli-seconds and are not imagined. They reflect real activity in your brain's touch-processing region, known as the somatosensory cortex.

This raises a fascinating question. How can simply watching someone else trigger your own sense of touch?

Studying Touch Through Movies

To investigate this mystery, researchers from the UK, USA, and VU, NIN (KNAW) in Amsterdam turned to an unexpected tool: Hollywood films. Instead of controlled lab tasks, they analyzed how the brain responds during natural viewing experiences.

Tomas Knapen (last author) and Nicholas Hedger (first author) worked with a dataset in which participants lay in brain scanners while watching movie clips from films such as The Social Network and Inception. The researchers aimed to use these recordings to pinpoint the brain systems that allow us to deeply experience what we see.

Mapping the Body in the Brain

When scientists refer to "maps" in the brain, they are describing how different regions organize information about the body and surrounding space. In the somatosensory cortex, the entire body is laid out in an orderly way. One end processes sensations from the feet, while the other handles touch from the head. These maps help the brain identify where sensations originate.




Finding comparable maps in the visual cortex is especially exciting. It suggests that the brain connects visual input directly to bodily sensation, linking sight and touch at a fundamental level.

"We found not one, or two, but eight remarkably similar maps in the visual cortex!" Knapen explains. "Finding so many shows how strongly the visual brain speaks the language of touch."

These visual maps follow the same head-to-toe organization seen in the somatosensory cortex -- indicating that when we look at another person, the brain structures that information in much the same way it does when we physically feel something ourselves.

Why the Brain Uses Multiple Maps

If there are so many body maps, what purpose do they serve? According to the researchers, each map appears to support a different function. Some are more focused on recognizing specific body parts, while others help determine where those parts are located in space. "I think that there are many more purposes, but we just haven't been able to test them yet." Knapen adds.

Which map becomes most active can depend on what you are paying attention to. "Say you stand up and grab a cup of coffee. If I'm interested in what you're doing, I will probably focus on your hand grabbing the cup. Now imagine that I'm more interested in your emotional state. In that case, I might focus more on your overall posture or your facial expressions. Every time you look at a person, there are many different bodily translations that need to be conducted visually. We think that these maps are a fundamental ingredient in that exact process."

Although having overlapping maps might sound inefficient, Knapen argues the opposite. "This allows the brain to have many types of information in a single space, and make a translation in any way that is relevant in that moment," he explains.




Implications for Psychology Medicine and Technology

The discovery opens the door to a wide range of future studies. Because these body maps appear to play a role in emotional understanding, they may help advance research in social psychology and clinical care. "People with autism can struggle with this sort of processing. Having this information could help us better identify effective treatments," Knapen explains.

Over time, the findings could also influence the development of neurotechnology. "Training sets for brain implants often start off with instructions like 'try to think of a movement'. If these bodily processes can be activated in much broader ways, then there might be much broader possibilities to train and develop those brain computer interfaces."

Knapen also sees major potential for artificial intelligence. "Our bodies are deeply intertwined with our experiences and understanding of the world. Current AI primarily relies on text and video, lacking this bodily dimension. This aspect of human experience is a fantastic area for AI development. Our work shows the potential for very large, precision brain imaging datasets to fuel this development: a beautiful synergy between neuroscience and AI."

Despite these future possibilities, Knapen emphasizes that the core motivation remains deeply human. "I just want to understand the depths of the human experience, and it really feels like we just found this central ingredient for it."
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Physicists made atoms behave like a quantum circuit | ScienceDaily
Josephson junctions play a central role in modern physics and technology. They enable extremely precise measurements, define the international standard for electrical voltage, and serve as essential components inside many quantum computers. Despite their importance, the quantum-scale processes occurring inside superconductors are notoriously difficult to observe directly.


						
To overcome this challenge, researchers at the RPTU University of Kaiserslautern-Landau turned to quantum simulation. Instead of studying electrons inside a solid material, they recreated the Josephson effect using ultracold atoms. Their approach involved separating two Bose-Einstein condensates (BECs) with an exceptionally thin optical barrier created by a focused laser beam that was moved in a controlled, periodic way. Even in this atomic system, the defining signatures of Josephson junctions emerged. The experiment revealed Shapiro steps, which are distinct voltage plateaus that appear at multiples of a driving frequency, just as they do in superconducting devices. Published in the journal Science, the work stands as a clear example of how quantum simulation can uncover hidden physics.

Why Josephson Junctions Matter

At first glance, a Josephson junction has a simple structure. It consists of two superconductors separated by an extremely thin insulating layer. Yet this basic setup produces a powerful quantum mechanical effect that underpins some of today's most advanced technologies. Josephson contacts form the core of many quantum computers and make it possible to measure extraordinarily weak magnetic fields.

These measurements are crucial in applications such as magnetoencephalography (MEG), a medical imaging technique used to detect magnetic signals generated by activity in the human brain. The precision of Josephson junctions is what makes such sensitive diagnostics possible.

Making Invisible Quantum Effects Observable

The challenge with Josephson junctions is that their behavior unfolds at the level of individual quanta. Inside a superconductor, these microscopic processes cannot be easily tracked or visualized. To study them in detail, physicists rely on quantum simulation, a strategy that maps a complex quantum system onto a different one that is easier to control and observe.




By recreating the essential physics in a new environment, researchers can explore effects that would otherwise remain hidden. This approach allows scientists to test fundamental ideas and confirm whether certain behaviors are truly universal across different physical systems.

Recreating the Josephson Effect with Ultracold Atoms

At RPTU, an experimental team led by Herwig Ott applied quantum simulation directly to the Josephson effect. Rather than using superconductors, they worked with an ultracold gas of atoms known as a Bose-Einstein condensate. Two such condensates were separated by a narrow optical barrier formed by a focused laser beam. By moving this barrier periodically, the researchers recreated conditions similar to those in a superconducting Josephson junction exposed to microwave radiation.

In conventional devices, microwave radiation induces an additional alternating current through the Josephson contact. In the atomic version of the experiment, the moving laser barrier played the same role, allowing the team to closely mimic the behavior of electronic junctions using atoms instead.

Shapiro Steps Are a Universal Phenomenon

The results of the experiment were striking. The atomic system displayed clear Shapiro steps, which are quantized voltage plateaus used worldwide to calibrate electrical voltage. These steps depend only on fundamental constants and the frequency of the applied modulation, making them the foundation of the global voltage standard for the "volt."

"In our experiment, we were able to visualize the resulting excitations for the first time. The fact that this effect now appears in a completely different physical system -- an ensemble of ultracold atoms -- confirms that Shapiro steps are a universal phenomenon," states Herwig Ott.




Bridging the Quantum Worlds of Atoms and Electrons

The study was carried out in collaboration with theoretical physicists Ludwig Mathey from the University of Hamburg and Luigi Amico from the Technology Innovation Institute in Abu Dhabi. Together, the teams demonstrated how a well-known effect from solid-state physics can be faithfully reproduced in an entirely different setting.

The work serves as a textbook example of quantum simulation. As Herwig Ott explains, "A quantum mechanical effect from solid-state physics is transferred to a completely different system -- and yet its essence remains the same. This builds bridges between the quantum worlds of electrons and atoms."

Using Atomic Circuits to Explore Quantum Physics

Looking ahead, Ott and his colleagues plan to link multiple atomic junctions together to form complete circuits made of atoms. In these systems, atoms would move through the circuit instead of electrons, an emerging area of research known as "atomtronics."

"Such circuits are particularly well suited for observing coherent effects, i.e., wave-like effects," says Erik Bernhart, who carried out the experiments as part of his doctoral research. Unlike electrons in solid materials, atoms in these circuits can be directly observed as they move, providing a clearer view of quantum behavior. "We also want to replicate other fundamental components known from electronics for our atoms and understand them precisely at the microscopic level."
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Are they really listening? Watch their blinks | ScienceDaily
Blinking is something people do automatically, much like breathing, without giving it much thought. While most scientific research on blinking has focused on eyesight, a new study from Concordia University explores a different connection. The research looks at how blinking relates to cognitive processes, including how the brain filters out background noise so we can focus on speech in busy environments.


						
The findings were published in the journal Trends in Hearing. In the paper, researchers outline two experiments designed to observe how blinking behavior changes when people are exposed to different listening conditions.

Fewer Blinks Signal Greater Mental Effort

The researchers discovered that people tend to blink less when they are working harder to understand speech in noisy settings. This reduction in blinking appears to reflect the mental effort involved in listening closely during everyday conversations. Importantly, the pattern stayed the same regardless of lighting conditions -- participants blinked at similar rates whether the room was bright, dim, or dark.

"We wanted to know if blinking was impacted by environmental factors and how it related to executive function," says lead author Penelope Coupal, an Honours student at the Laboratory for Hearing and Cognition. "For instance, is there a strategic timing of a person's blinks so they would not miss out on what is being said?"

The results showed that blinking does appear to be timed in a purposeful way.

"We don't just blink randomly," says Coupal. "In fact, we blink systematically less when salient information is presented."

Measuring Blinks During Challenging Listening Tasks




The study included nearly 50 adult participants. Each person sat in a soundproof room and focused on a fixed cross displayed on a screen. They listened to short spoken sentences through headphones while the level of background noise changed. The signal-to-noise ratio (SNR) ranged from very quiet to highly distracting.

Participants wore eye-tracking glasses that captured every blink and recorded exactly when each blink occurred. Researchers divided each listening session into three phases: before the sentence played, while it was playing, and immediately afterward.

Blink rates dropped most noticeably during the sentences themselves, compared to the moments before and after. The decrease was strongest when background noise was loudest and speech was hardest to understand.

Lighting Does Not Explain the Effect

In a second experiment, the team tested blinking behavior again while changing the lighting conditions. Participants completed the listening tasks in dark, medium, and brightly lit rooms, across different SNR levels. The same blink suppression pattern appeared each time.

This consistency showed that the effect was driven by cognitive demands rather than changes in how much light entered the eyes.




Although individuals differed widely in how often they blinked overall -- some participant blinked as little as 10 times per minute, while others may have blinked 70 times per minute -- the overall trend was clear and statistically meaningful.

Blinks as a Tool for Studying Brain Function

Earlier research linking eye behavior to mental effort mostly relied on pupil dilation (pupillometry). In many cases, blinks were treated as unwanted interruptions and removed from the data. In contrast, this study revisited existing pupillometry data and focused directly on blink timing and frequency.

The researchers say the results support using blink rate as a simple and low-effort way to measure cognitive function, both in controlled laboratory experiments and in real-world situations.

"Our study suggests that blinking is associated with losing information, both visual and auditory," says co-author Mickael Deroche, an associate professor in the Department of Psychology.

"That is presumably why we suppress blinking when important information is coming. But to be fully convincing, we need to map out the precise timing and pattern of how visual/auditory information is lost during a blink. This is the logical next step, and a study is being led by postdoctoral fellow Charlotte Bigras. But these findings are far from trivial."

Yue Zhang contributed to this research.
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Study links full-fat cheese to lower dementia risk | ScienceDaily
    	A large new study suggests that eating more full-fat cheese and cream may be linked to a lower risk of developing dementia later in life.
    	High-fat cheeses are defined as containing more than 20% fat and include familiar varieties such as cheddar, Brie and Gouda.
    	Participants who ate 50 grams or more of high-fat cheese each day had a 13% lower risk of dementia compared with those who ate less than 15 grams daily.
    	People who consumed at least 20 grams of high-fat cream per day also showed a reduced dementia risk, about 16% lower than those who did not consume cream.
    	Researchers found no similar link for low-fat cheese, low-fat cream, milk, butter or fermented milk products.
    	Scientists emphasize that more research is needed to confirm these findings and to better understand whether certain high-fat dairy foods could help support brain health.

Full-Fat Dairy and Dementia Risk

People who eat higher amounts of full-fat cheese and cream may be less likely to develop dementia later in life, according to a new study published on December 17, 2025, in Neurology, the medical journal of the American Academy of Neurology. The findings point to a connection between these foods and dementia risk, but they do not prove that eating high-fat dairy prevents dementia. Instead, the study identifies an association.

High-fat cheeses are defined as having more than 20% fat and include common types such as cheddar, Brie and Gouda. High-fat creams generally contain 30-40% fat and include whipping cream, double cream and clotted cream. In grocery stores, these products are often sold as "full-fat" or "regular" options.

"For decades, the debate over high-fat versus low-fat diets has shaped health advice, sometimes even categorizing cheese as an unhealthy food to limit," said Emily Sonestedt, PhD, of Lund University, Sweden "Our study found that some high-fat dairy products may actually lower the risk of dementia, challenging some long-held assumptions about fat and brain health."

How the Study Followed Participants Over Time

The research team analyzed dietary and health data from 27,670 adults in Sweden. At the beginning of the study, participants were an average of 58 years old. They were followed for about 25 years, during which time 3,208 people were diagnosed with dementia.




To track eating habits, participants recorded everything they consumed over the course of one week. They also answered questions about how frequently they ate specific foods during the previous several years and discussed their food preparation methods with researchers.

Cheese Intake and Dementia Outcomes

One part of the analysis focused on daily consumption of high-fat cheese. Researchers compared people who ate 50 grams or more per day with those who ate less than 15 grams per day. Fifty grams of cheese is roughly equal to two slices of cheddar or about half a cup of shredded cheese and is approximately 1.8 ounces. A typical serving of cheese is one ounce.

By the end of the study period, 10% of participants who ate higher amounts of high-fat cheese had developed dementia, compared with 13% of those who ate less. After accounting for differences in age, sex, education and overall diet quality, the researchers found that higher cheese consumption was associated with a 13% lower risk of dementia.

When specific forms of dementia were examined, the association was strongest for vascular dementia. People who consumed more high-fat cheese had a 29% lower risk of developing this type.

The researchers also observed a lower risk of Alzheimer's disease among participants who ate more high-fat cheese, but this pattern was only seen in those who did not carry the APOE e4 gene variant -- a genetic risk factor for Alzheimer's disease.




High-Fat Cream and Dementia Risk

The study also looked at consumption of high-fat cream. Researchers compared people who consumed 20 grams or more per day with those who did not consume any. Twenty grams of high-fat cream is about 1.4 tablespoons of heavy whipping cream. A recommended serving is about 1-2 tablespoons.

After making similar adjustments for health and lifestyle factors, the researchers found that daily consumption of high-fat cream was linked to a 16% lower risk of dementia compared with consuming none.

Differences Among Dairy Products

Not all dairy foods showed the same relationship with dementia risk. The researchers found no association between dementia and consumption of low-fat cheese, low-fat cream, high- or low-fat milk, butter or fermented milk, which includes yogurt, kefir and buttermilk.

"These findings suggest that when it comes to brain health not all dairy is equal," said Sonestedt. "While eating more high-fat cheese and cream was linked to a reduced risk of dementia, other dairy products and low-fat alternatives did not show the same effect. More research is needed to confirm our study results and further explore whether consuming certain high-fat dairy truly offers some level of protection for the brain."

Study Limitations and Future Research

One limitation of the study is that all participants lived in Sweden, which means the results may not apply to people in other countries. Sonestedt noted that dietary habits differ between regions. In Sweden, cheese is often eaten uncooked, while in the United States, cheese is frequently heated or eaten alongside meat. Because of these differences, she emphasized that similar studies should also be carried out in the United States.

The study was supported by Swedish Research Council, Swedish Heart and Lung Foundation, Crafoord Foundation, Magnus Bergvall Foundation and Albert Pahlsson Foundation.
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This AI finds simple rules where humans see only chaos | ScienceDaily
Researchers at Duke University have created a new artificial intelligence framework designed to uncover clear, easy-to-understand rules behind some of the most complicated dynamics seen in nature and modern technology.


						
The system is inspired by the work of history's great "dynamicists" -- scientists who study systems that change over time. Just as Isaac Newton, often considered the first dynamicist, developed equations linking force and motion, this AI analyzes data that shows how complex systems evolve and then produces equations that accurately describe that behavior.

What sets this approach apart is its ability to handle complexity far beyond human capacity. The AI can take nonlinear systems involving hundreds or even thousands of interacting variables and reduce them to simpler rules with far fewer dimensions.

A New Tool for Understanding Change Over Time

The research, published December 17 online in the journal npj Complexity, introduces a powerful new way for scientists to use AI to study systems that evolve over time -- including weather patterns, electrical circuits, mechanical devices, and biological signals.

"Scientific discovery has always depended on finding simplified representations of complicated processes," said Boyuan Chen, director of the General Robotics Lab and the Dickinson Family Assistant Professor of Mechanical Engineering and Materials Science at Duke. "We increasingly have the raw data needed to understand complex systems, but not the tools to turn that information into the kinds of simplified rules scientists rely on. Bridging that gap is essential."

A classic example of simplification comes from physics. The path of a cannon ball depends on many factors, including launch speed and angle, air resistance, changing wind conditions, and even ambient temperature. Despite this complexity, a close approximation of its motion can be captured with a simple linear equation that uses only the launch speed and angle.




Building on a Decades-Old Mathematical Idea

This kind of simplification reflects a theoretical concept introduced by mathematician Bernard Koopman in the 1930s. Koopman showed that complex nonlinear systems can be represented mathematically using linear models. The new AI framework builds directly on this idea.

There is an important challenge, however. Representing highly complex systems with linear models often requires constructing hundreds or even thousands of equations, each tied to a different variable. Handling that level of complexity is difficult for human researchers.

That is where artificial intelligence becomes especially valuable.

How the AI Reduces Complexity

The framework studies time-series data from experiments and identifies the most meaningful patterns in how a system changes. It combines deep learning with constraints inspired by physics to narrow down the system to a much smaller set of variables that still capture its essential behavior. The outcome is a compact model that behaves mathematically like a linear system while remaining faithful to real-world complexity.




To test the approach, the researchers applied it to a wide variety of systems. These ranged from the familiar swinging motion of a pendulum to the nonlinear behavior of electrical circuits, as well as models used in climate science and neural circuits. Although these systems differ greatly, the AI consistently uncovered a small number of hidden variables that governed their behavior. In many cases, the resulting models were more than 10 times smaller than those produced by earlier machine-learning methods, while still delivering reliable long-term predictions.

"What stands out is not just the accuracy, but the interpretability," said Chen, who also holds appointments in electrical and computer engineering and computer science. "When a linear model is compact, the scientific discovery process can be naturally connected to existing theories and methods that human scientists have developed over millennia. It's like connecting AI scientists with human scientists."

Finding Stability and Warning Signs

The framework does more than make predictions. It can also identify stable states, known as attractors, where a system naturally settles over time. Recognizing these states is critical for determining whether a system is operating normally, slowly drifting, or approaching instability.

"For a dynamicist, finding these structures is like finding the landmarks of a new landscape," said Sam Moore, the lead author and PhD candidate in Chen's General Robotics Lab. "Once you know where the stable points are, the rest of the system starts to make sense."

The researchers note that this method is especially useful when traditional equations are unavailable, incomplete, or too complex to derive. "This is not about replacing physics," Moore continued. "It's about extending our ability to reason using data when the physics is unknown, hidden, or too cumbersome to write down."

Toward Machine Scientists

Looking ahead, the team is exploring how the framework could help guide experimental design by actively selecting which data to collect in order to reveal a system's structure more efficiently. They also plan to apply the method to richer forms of data, including video, audio, and signals from complex biological systems.

This research supports a long-term goal in Chen's General Robotics Lab to develop "machine scientists" that assist with automated scientific discovery. By linking modern AI with the mathematical language of dynamical systems, the work points toward a future in which AI does more than recognize patterns. It may help uncover the fundamental rules that shape both the physical world and living systems.

This work was supported by the National Science Foundation Graduate Research Fellowship, the Army Research Laboratory STRONG program (W911NF2320182, W911NF2220113), the Army Research Office (W911NF2410405), the DARPA FoundSci program (HR00112490372), and the DARPA TIAMAT program (HR00112490419).

Project Website: http://generalroboticslab.com/AutomatedGlobalAnalysis

Video: https://youtu.be/8Q5NQegHz50

General Robotics Lab Website: http://generalroboticslab.com
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A traditional Brazilian plant shows unexpected strength against arthritis | ScienceDaily
A research team in Brazil has found strong evidence that the Joseph's Coat plant (Alternanthera littoralis) is both safe and effective at reducing inflammation, easing pain, and protecting against arthritis. The study was carried out by scientists from the Federal University of Grande Dourados (UFGD), the State University of Campinas (UNICAMP), and Sao Paulo State University (UNESP).


						
Joseph's Coat grows naturally along Brazil's coastline and has long been used in traditional medicine to treat inflammation, infections, and parasitic illnesses. Despite its widespread use, there had been little scientific research confirming whether these benefits were real or whether the plant was safe.

Identifying Active Compounds and Testing Anti Inflammatory Effects

The study, published in the Journal of Ethnopharmacology, began with a detailed chemical analysis of the plant. Researchers examined the ethanolic extract made from the plant's aerial parts to determine which bioactive compounds it contained. This phase of the work was led by Marcos Salvador, a pharmacist from the Institute of Biology (IB) at UNICAMP.

After identifying the compounds, the research moved to biological testing. A team led by pharmacologist Candida Kassuya from the Faculty of Health Sciences at UFGD evaluated how well the extract reduced inflammation in experimental models of arthritis. Toxicological testing followed to assess safety. "Finally, we performed the toxicological analyses under my coordination," explains Arielle Cristina Arena, associate professor in the Department of Structural and Functional Biology at the Institute of Biosciences at UNESP's Botucatu Campus.

Laboratory Results Show Reduced Inflammation and Joint Damage

The experiments revealed that the ethanolic extract of A. littoralis significantly lowered inflammation in laboratory animals. "In the experimental models, we observed reduced edema, improved joint parameters, and modulation of inflammatory mediators, suggesting antioxidant and tissue-protective actions," says Arena.




These findings indicate that the plant does more than reduce swelling. The results also suggest that it may help protect joint tissue and limit damage associated with inflammatory conditions like arthritis.

Promising Safety Profile With Limits on Immediate Use

According to Arena, the results strengthen the scientific case for the plant's medicinal value and provide a foundation for future preclinical studies. The findings also point to a favorable safety profile at therapeutic doses, which could be encouraging for eventual human use.

However, the researchers caution that the extract is not ready for clinical application. Additional toxicological testing, human clinical trials, and standardized preparation methods are still required to confirm safety, effectiveness, and quality. Regulatory approval would also be necessary before any therapeutic use.

Supporting Biodiversity Through Science

"This research is part of an ongoing line of investigation developed by UFGD, UNESP, and UNICAMP, and our purpose is to value Brazilian biodiversity and traditional knowledge, but with a rigorous scientific basis, promoting the safe and rational use of natural products," says Arena.

The research received funding from FAPESP (projects 06/06079-4, 09/05992-6, 15/03726-8, 16/06407-3, 17/19523-4, and 21/09693-5).
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Hidden seismic signals hint at a tsunami threat in Alaska | ScienceDaily
Since 2020, scientists have installed monitoring instruments around the Barry Landslide in Alaska's Prince William Sound to closely track seismic activity in the area. Their goal is to detect warning signs early, before a sudden landslide could trigger a destructive tsunami.


						
By analyzing these seismic recordings, researchers identified a previously unrecognized type of signal. These events are marked by sharp, high-frequency pulses that become more common from late summer through mid-winter, then suddenly stop in late winter or early spring.

Strange Signals Linked to Freezing and Thawing Rock

Writing in Seismological Research Letters, Gabrielle Davy of the University of Alaska Fairbanks and her colleagues propose that the signals are caused by water freezing and thawing inside tiny cracks in the rock beneath the nearby Cascade Glacier. The research team is the first to carry out a systematic analysis of these short, impulsive seismic events near the Barry Landslide.

The scientists emphasize that these signals are not signs that the landslide itself is moving. However, they may still provide valuable insight into changes in underground water conditions behind the slope. Those changes could eventually play a role in triggering slope movement.

Why the Barry Landslide Poses a Serious Risk

Searching for seismic warning signs at Barry Arm is especially important because the landslide sits in a highly unstable setting. The slope is steep and underlain by weak, heavily fractured bedrock, making it prone to failure. It has also lost critical support from Barry Glacier, which has rapidly melted and retreated over the last century.




"What makes Barry Landslide especially concerning is the size of the landslide," Davy explained. "It's a large, slowly moving mass -- on the order of about 500 million cubic meters -- that has been creeping for decades."

"If a rapid collapse were to occur, the material would fall directly into the fjord, and that could generate a tsunami with potentially high wave heights," she added. "Barry Arm is visited by kayakers and cruise ships, and nearby communities such as Whittier could be affected, so understanding the hazard is important from both a scientific and a public-safety perspective."

Sorting Through a Year of Seismic Data

Because of these risks, the landslide area has been extensively instrumented since 2020. The study by Davy and her colleagues is among the first to carefully examine the large volume of seismic data collected by those instruments.

For this research, the team manually reviewed an entire year of continuous seismic waveform recordings. They searched for signals that might help determine when and where a landslide could occur.

This hands-on approach allowed the researchers to recognize the wide range of signals present in the data. These included vibrations from small earthquakes, glacier motion, slope deformation, and other sources of seismic background noise.




"We needed to build a clear baseline understanding of the types of signals that routinely occur in the area, so that any unusual or previously unrecognized signals would stand out. By spending time with the raw data, you train your eye to recognize what 'normal' looks like" before developing classification tools and detection algorithms, Davy explained.

Seasonal Patterns Reveal a Freeze-Thaw Process

After learning how to identify the unusual short-impulsive events in the seismic records, the researchers compared them with weather and rainfall data. They also used ground-based radar to track subtle changes in slope movement. This combination allowed them to study when and where the signals occurred.

The timing, location, and characteristics of the signals pointed to small, brittle events that happen seasonally as water freezes and thaws inside cracks in the rock.

"Similar seismic signals have been documented in other settings, although they are not widely reported," Davy said. She pointed to a recent study from Norway that observed comparable signals near an unstable rock slope and "suggested that their signals may be linked to freeze-thaw processes acting on cracks within the bedrock."

Toward Better Landslide Early Warning Systems

Co-author Ezgi Karasozen said the Alaska Earthquake Center is now testing a regional landslide detection system at the Barry Landslide site. According to Karasozen, the system "will alert us to any slope failures in this area."

"As research on landslide seismology grows, there's increasing recognition that precursor seismic activity -- when it does occur -- can be an important source of early warning," Karasozen said. "That motivates broader investigations not only at Barry Arm, but also at other sites in southern Alaska where similar hazards exist."
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Subaru Telescope reveals a hidden giant planet | ScienceDaily
Astronomers working with the Subaru Telescope in Hawai`i have identified two remarkable objects circling distant stars: a giant planet and a brown dwarf. These findings mark the first successes of OASIS (Observing Accelerators with SCExAO Imaging Survey), a project that pairs precise space-based data with Subaru's powerful imaging systems to uncover worlds that are otherwise extremely difficult to see. The discoveries also provide an important stepping stone for NASA's upcoming Roman Space Telescope, which will test new tools designed to image Earth-like planets.


						
Only about 1 percent of stars are known to host massive planets or brown dwarfs that can be directly photographed with today's telescopes. Even when these objects are young and still glowing from the heat of their formation, they remain vastly dimmer than the stars they orbit. As a result, their faint light is often overwhelmed by the intense brightness of their host stars. For astronomers, the long-standing challenge has not just been how to see these objects, but knowing where to search in the first place.

How OASIS Pinpoints Hidden Companions

OASIS [Principal Investigator (PI): Thayne Currie / Deputy-PI: Masayuki Kuzuhara] addresses this challenge by narrowing down the most promising targets. The survey analyzes measurements from two European Space Agency missions -- Hipparcos and Gaia -- which track tiny motions in stars caused by the gravitational pull of unseen companions. Once a star shows signs of being tugged by an invisible object, OASIS turns the Subaru Telescope toward it. Using the Subaru Coronagraphic Extreme Adaptive Optics (SCExAO) system, astronomers can then capture extremely sharp images that make it possible to directly photograph these hidden worlds.

A Giant Planet Revealed in Leo

One of the new discoveries is a planet known as HIP 54515 b, which orbits a star located 271 light-years away in the constellation Leo. This planet has nearly 18 times the mass of Jupiter and travels around its star at a distance similar to that of Neptune in our own solar system. From Earth, however, the planet and its star appear incredibly close together. The separation is comparable to spotting a baseball from 100 km away. Thanks to the precision of the SCExAO system, astronomers were able to resolve the planet clearly despite this challenge.

A Rare Brown Dwarf With Special Potential

The second object, HIP 71618 B, is a brown dwarf with a mass about 60 times that of Jupiter. It lies 169 light-years away in the constellation Bootes. Brown dwarfs are often referred to as "failed stars" -- because they form in a similar way to stars but never grow massive enough to ignite nuclear fusion in their cores.




A Perfect Test Target for NASA's Roman Telescope

HIP 71618 B stands out because it is exceptionally well suited for study by NASA's Roman Space Telescope. Roman is scheduled to conduct a technology demonstration that will test advanced coronagraph systems. These instruments are essential for future missions that aim to directly image Earth-like planets around other stars, objects that can be ten billion times fainter than the stars they orbit. Until now, astronomers had not identified a single confirmed target that met all the strict criteria for this test. HIP 71618 B fills that gap. Its host star is bright, the brown dwarf sits at an ideal position, and at the Roman Coronagraph's operating wavelengths it will appear faint enough relative to its star to properly evaluate the new technology.

A New Era of Teamwork in Planet Hunting

Together, these discoveries highlight the power of combining precise measurements from space with advanced imaging from the ground. This coordinated approach allows astronomers to find planets and brown dwarfs that would otherwise remain hidden in starlight. The success of OASIS demonstrates that the Subaru Telescope will continue to play a leading role in astronomical discovery, even as a new generation of powerful telescopes comes online.
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Parkinson's breakthrough changes what we know about dopamine | ScienceDaily
A new study led by researchers at McGill University is calling into question a long-standing idea about how dopamine influences movement. The findings suggest a shift in how scientists understand Parkinson's disease and how its treatments work.


						
The research, published in Nature Neuroscience, shows that dopamine does not directly control how fast or how forcefully a person moves, as many experts previously believed. Instead, dopamine appears to provide the basic conditions that allow movement to happen in the first place.

"Our findings suggest we should rethink dopamine's role in movement," said senior author Nicolas Tritsch, Assistant Professor in McGill's Department of Psychiatry and researcher at the Douglas Research Centre. "Restoring dopamine to a normal level may be enough to improve movement. That could simplify how we think about Parkinson's treatment."

What Dopamine Does in Parkinson's Disease

Dopamine plays a key role in motor vigor, which refers to the ability to move with speed and strength. In people with Parkinson's disease, the brain cells that produce dopamine gradually break down. This loss leads to hallmark symptoms such as slow movement, tremors, and problems with balance.

Levodopa, the most common treatment for Parkinson's, helps restore movement by increasing dopamine levels in the brain. However, scientists have not fully understood why the drug is so effective. In recent years, improved brain-monitoring tools detected brief spikes of dopamine during movement. These rapid bursts led many researchers to think dopamine directly controlled movement intensity.

The new findings challenge that assumption.




Dopamine Acts as Support, Not a Speed Controller

The study suggests dopamine does not act as a moment-by-moment controller of movement. Instead, it serves a more fundamental role.

"Rather than acting as a throttle that sets movement speed, dopamine appears to function more like engine oil. It's essential for the system to run, but not the signal that determines how fast each action is executed," said Tritsch.

Tracking Dopamine in Real Time

To test this idea, the researchers monitored brain activity in mice while the animals pressed a weighted lever. Using a light-based method, they were able to switch dopamine-producing cells "on" or "off" during the task.

If rapid dopamine bursts were responsible for movement vigor, changing dopamine levels at that exact moment should have altered how fast or forcefully the mice moved. Instead, adjusting dopamine activity during movement made no difference.




When the researchers tested levodopa, they found that the drug improved movement by raising the brain's overall dopamine level. It did not work by restoring the short-lived dopamine bursts that occur during motion.

Toward More Targeted Parkinson's Treatments

More than 110,000 Canadians are currently living with Parkinson's disease, and that number is expected to more than double by 2050 as the population ages.

According to the researchers, a better understanding of why levodopa works could guide the development of future treatments that focus on maintaining steady dopamine levels rather than targeting rapid dopamine signals.

The findings also encourage researchers to reexamine older treatment strategies. Dopamine receptor agonists have shown benefits in the past but often caused side effects because they affected large areas of the brain. The new insight may help scientists design safer therapies that act more precisely.

About the Study

"Subsecond dopamine fluctuations do not specify the vigor of ongoing actions" by Haixin Liu and Nicolas Tritsch et al., was published in Nature Neuroscience.

The study was funded by the Canada First Research Excellence Fund, awarded through the Healthy Brains, Healthy Lives initiative at McGill University and the Fonds de Recherche du Quebec.
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Ancient sewers expose a hidden health crisis in Roman Britain | ScienceDaily
Scientists studying ancient sewer drains at the Roman fort of Vindolanda, located near Hadrian's Wall, have uncovered evidence that the people living there were infected with three different intestinal parasites: roundworm, whipworm, and Giardia duodenalis.


						
All three parasites spread through poor sanitation, typically when food, water, or hands are contaminated with human feces. Roundworms can grow to 20-30cm in length, while whipworms reach about 5cm. Giardia duodenalis is a microscopic protozoan parasite known for causing outbreaks of severe diarrhea. The discovery marks the first confirmed evidence of Giardia duodenalis in Roman Britain.

Vindolanda and the Roman Frontier in Britain

Vindolanda sat close to Hadrian's Wall in northern England. The wall was constructed by the Romans in the early 2nd century AD to protect the province of 'Britannia' from northern tribes and remained in use until the late 4th century. The fort itself lies between Carlisle and Corbridge in what is now Northumberland, Britain.

Stretching east to west from the North Sea to the Irish Sea, Hadrian's Wall featured a series of forts and towers placed at regular intervals. It was defended by a mix of infantry, archers, and cavalry drawn from across the Roman Empire.

A Site Known for Remarkable Preservation

Vindolanda is well known among archaeologists for its exceptional preservation of organic materials, thanks to the site's waterlogged soil. Discoveries include more than 1,000 thin wooden writing tablets that provide rare insight into everyday life at the fort, along with over 5,000 Roman leather shoes.




How Researchers Studied the Ancient Sewers

The parasite analysis focused on sediment taken from a sewer drain connected to the latrine block of a bath complex dating to the 3rd century CE. The research was carried out jointly by scientists from the universities of Cambridge and Oxford and published in the journal Parasitology.

Researchers collected 50 sediment samples from along the drain, which stretched roughly nine meters and carried waste from a communal latrine into a stream north of the fort. Along with the sediment, archaeologists recovered artifacts such as Roman beads, pottery fragments, and animal bones.

The samples were divided between laboratories at Cambridge and Oxford, where scientists examined them under microscopes to search for ancient helminth eggs, which are produced by parasitic worms that infect humans and animals.

Evidence of Worms and Giardia Infection

About 28% of the samples contained eggs from either roundworm or whipworm. One sample showed traces of both parasites. That same sample was further tested using a bio-molecular method called 'ELISA', a technique in which antibodies bind to proteins produced by single-celled organisms. This analysis revealed the presence of Giardia duodenalis.




The research team also examined a sample linked to an earlier fort from the 1st century CE. That fort was built around 85 CE and abandoned by 91/92 CE. The sediment came from a defensive ditch and also contained roundworm and whipworm eggs.

How Parasites Affected Roman Soldiers

"The three types of parasites we found could have led to malnutrition and cause diarrhea in some of the Roman soldiers," said Dr. Marissa Ledger, who led the Cambridge portion of the research as part of her PhD at the University of Cambridge's Department of Archaeology.

"While the Romans were aware of intestinal worms, there was little their doctors could do to clear infection by these parasites or help those experiencing diarrhea, meaning symptoms could persist and worsen. These chronic infections likely weakened soldiers, reducing fitness for duty. Helminths alone can cause nausea, cramping and diarrhea."

Study senior author Dr. Piers Mitchell, an Affiliated Scholar at Cambridge's McDonald Institute for Archaeological Research, explained that Giardia outbreaks could have been especially dangerous. "Some soldiers could have become severely ill from dehydration during summer outbreaks of Giardia, which are often linked to contaminated water and can infection dozens of people at a time. Untreated giardiasis can drag on for weeks, causing dramatic fatigue and weight loss."

Mitchell added that "The presence of the fecal-oral parasites we found suggests conditions were ripe for other intestinal pathogens such as Salmonella and Shigella, which could have triggered additional disease outbreaks."

How Vindolanda Compares to Other Roman Sites

According to the researchers, the dominance of fecal-oral parasites at Vindolanda mirrors findings from other Roman military sites, including Carnuntum in Austria, Valkenburg on Rhine in the Netherlands, and Bearsden in Scotland. In contrast, large urban centers like London and York show a wider range of parasites, including fish and meat tapeworms.

"Despite the fact that Vindolanda had communal latrines and a sewer system, this still did not protect the soldiers from infecting each other with these parasites," said Dr. Patrik Flammer, who analyzed samples at the University of Oxford.

What Ancient Parasites Reveal About the Past

"The study of ancient parasites helps us to know the pathogens that infected our ancestors, how they varied with lifestyle, and how they changed over time," said Prof Adrian Smith, who led the Oxford laboratory involved in the research.

Dr. Andrew Birley, CEO of the Vindolanda Charitable Trust and leader of ongoing excavations at the site, said the findings add to a growing picture of life on Rome's northern frontier. "Excavations at Vindolanda continue to find new evidence that helps us to understand the incredible hardships faced by those posted to this northwestern frontier of the Roman Empire nearly 2,000 years ago, challenging our preconceptions about what life was really like in a Roman frontier fort and town."

W. H. Auden once wrote of a miserable Roman soldier guarding a cold, rain-soaked wall in northern Europe, mentioning "lice in my tunic and a cold in my nose." Based on this new evidence, chronic stomach trouble could easily be added to that list.
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What scientists found inside Titan was not what anyone expected | ScienceDaily
A new examination of spacecraft data collected more than ten years ago suggests that Saturn's largest moon, Titan, probably does not contain a massive ocean beneath its frozen surface, as scientists once believed. Instead, moving downward through Titan's icy shell would likely reveal additional layers of ice that gradually transition into slushy pathways and isolated pockets of liquid water closer to the moon's rocky interior.


						
Earlier interpretations of data from NASA's Cassini mission to Saturn led scientists to propose a deep ocean of liquid water hidden beneath Titan's ice. When researchers tested that idea using computer models, however, the results did not align with the physical characteristics seen in the data. A closer reanalysis produced new -- slushier -- conclusions. These results may prompt scientists to revisit assumptions about other icy worlds and refine how they search for life on Titan.

"Instead of an open ocean like we have here on Earth, we're probably looking at something more like Arctic sea ice or aquifers, which has implications for what type of life we might find, but also the availability of nutrients, energy and so on," said Baptiste Journaux, a University of Washington assistant professor of Earth and space sciences.

The study, published Dec. 17 in Nature, was led by NASA, with contributions from Journaux and Ula Jones, a UW graduate student of Earth and space sciences in his lab.

Cassini's Legacy and Titan's Unusual Surface

The Cassini mission began in 1997 and continued for nearly two decades, gathering extensive information about Saturn and its 274 moons. Titan -- shrouded by a hazy atmosphere -- stands out as the only place besides Earth where liquid is known to exist on the surface. With temperatures near -297 degrees Fahrenheit, that liquid is methane, not water. Methane forms lakes on Titan and even falls from the sky as rain.

As Titan travels around Saturn in an elongated orbit, scientists noticed that the moon stretches and compresses depending on its position relative to the planet. In 2008, researchers argued that this pronounced flexing could only occur if a large ocean existed beneath Titan's crust.




"The degree of deformation depends on Titan's interior structure. A deep ocean would permit the crust to flex more under Saturn's gravitational pull, but if Titan were entirely frozen, it wouldn't deform as much," Journaux said. "The deformation we detected during the initial analysis of the Cassini mission data could have been compatible with a global ocean, but now we know that isn't the full story."

A Subtle Time Lag Reveals a Slushy Interior

The new research adds an important factor that earlier studies did not fully consider: timing. Titan's changes in shape lag roughly 15 hours behind the strongest pull from Saturn's gravity. Moving a thick, sticky material requires more energy than shifting a free flowing liquid, similar to how stirring honey takes more effort than stirring water. By measuring this delay, scientists could estimate how much energy Titan absorbs as it deforms, offering insight into how thick or viscous its interior must be.

The amount of energy lost, or dissipated, inside Titan turned out to be far greater than expected if a global liquid ocean were present.

"Nobody was expecting very strong energy dissipation inside Titan. That was the smoking gun indicating that Titan's interior is different from what was inferred from previous analyses," said Flavio Petricca, a postdoctoral fellow at NASA's Jet Propulsion Laboratory and lead author of the study.

Based on these findings, the researchers propose an interior made up largely of slush, with significantly less liquid water than previously assumed. This slushy material is thick enough to explain the delayed response to Saturn's gravity, while still containing enough water to allow Titan to change shape.




Radio Signals and Extreme Physics Support the Model

Petricca reached these conclusions by analyzing the frequencies of radio waves transmitted from the Cassini spacecraft during close fly-bys of Titan. Journaux helped interpret the results using thermodynamics. His work focuses on how water and minerals behave under intense pressure, knowledge that is critical for understanding whether other planetary environments might support life.

"The watery layer on Titan is so thick, the pressure is so immense, that the physics of water changes. Water and ice behave in a different way than sea water here on Earth," Journaux said.

At his planetary cryo-mineral physics laboratory at UW, researchers have spent years developing methods to recreate the extreme conditions found on other worlds. Using this work, Journaux provided Petricca and his colleagues with data describing how water and ice are expected to behave deep inside Titan.

"We could help them determine what gravitational signal they should expect to see based on the experiments made here at UW," Journaux said. "It was very rewarding."

What Slush Could Mean for Life on Titan

"The discovery of a slushy layer on Titan also has exciting implications for the search for life beyond our solar system," Jones said. "It expands the range of environments we might consider habitable."

While the idea of a vast ocean once fueled optimism about life on Titan, the researchers suggest the updated picture may actually improve the odds. Their analysis indicates that Titan's freshwater pockets could reach temperatures as high as 68 degrees Fahrenheit. In these smaller volumes of water, nutrients would be more concentrated than in a large ocean, potentially making it easier for simple life forms to survive.

Although scientists do not expect to find fish swimming through Titan's slushy channels, any life discovered there might resemble organisms found in Earth's polar regions.

Journaux is also part of NASA's upcoming Dragonfly mission to Titan, which is scheduled to launch in 2028. The findings from this study will help inform that mission, and Journaux hopes future data will provide both evidence of life and a definitive answer about the presence of an ocean beneath Titan's ice.

Co-authors include Steven D. Vance, Marzia Parisi, Dustin Buccino, Gael Cascioli, Julie Castillo-Rogez, Mark Panning and Jonathan I. Lunine from NASA; Brynna G. Downey at Southwest Research Institute; Francis Nimmo and Gabriel Tobie from the University of Nantes; Andrea Magnanini from the University of Bologna; Amirhossein Bagheri from the California Institute of Technology and Antonio Genova from Sapienza University of Rome.

This research was funded by NASA, the Swiss National Science Foundation and the Italian Space Agency.
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Scientists unlocked a superconductor mystery under crushing pressure | ScienceDaily
Superconductors are materials that allow electrical current to flow with no resistance. This unique ability makes them extremely valuable for technologies such as efficient power transmission, energy storage, magnetic levitation systems, and quantum computers.


						
The challenge is that superconductivity usually occurs only at very low temperatures, far below everyday conditions. This limitation has prevented widespread practical use. That picture began to change with the discovery of superconductivity in hydrogen-rich materials. Hydrogen sulfide (H3S) becomes superconducting at 203 Kelvin (-70degCelsius), while lanthanum decahydrid (LaH10) reaches superconductivity at 250 Kelvin (-23degCelsius). These temperatures are far higher than those of earlier superconductors and are above the boiling point of liquid nitrogen, which is why scientists classify them as high temperature superconductors. Their discovery marked a major step toward the long-standing goal of room-temperature superconductivity.

The Superconducting Gap and Why It Is Crucial

At the heart of superconductivity is a feature known as the superconducting gap. This property reveals how electrons join together to form the superconducting state and serves as a clear signature that distinguishes a superconductor from an ordinary metal.

Understanding the superconducting gap is essential because it directly reflects how electrons interact inside the material. Without measuring this gap, scientists cannot fully explain why a material becomes superconducting or what mechanism makes resistance disappear.

Why Measuring Hydrogen Superconductors Is So Difficult

Despite their importance, hydrogen-rich superconductors such as H3S have been extremely challenging to study. These materials can only be created under enormous pressures that exceed atmospheric pressure by more than a million times. Because of these extreme conditions, widely used techniques like scanning tunneling spectroscopy and angle-resolved photoemission spectroscopy cannot be applied.




As a result, the superconducting gap in these materials had remained unmeasured, leaving a major gap in scientists' understanding of how high-temperature superconductivity works in hydrogen-rich compounds.

A New Tunneling Technique Breaks the Barrier

To solve this problem, researchers at the Max Planck Institute in Mainz developed a planar electron tunneling spectroscopy method that can operate under these extreme pressures. This new approach made it possible to directly probe the superconducting gap in H3S for the first time.

With this technique, the team obtained a clear picture of the superconducting state in hydrogen-rich materials, overcoming a barrier that had limited progress in the field for years.

What the Measurements Revealed

The researchers found that H3S has a fully open superconducting gap of approximately 60 millielectronvolt (meV). They also studied its deuterium counterpart, D3S, which showed a smaller gap of about 44 meV. Deuterium is a hydrogen isotope and has one more neutron.




This difference is significant because it confirms that superconductivity in H3S is driven by interactions between electrons and phonons. Phonons are quantized vibrations of a material's atomic lattice. The results support long-standing theoretical predictions about the mechanism behind superconductivity in hydrogen-rich compounds.

Why This Breakthrough Matters

For the researchers in Mainz, the achievement goes beyond technical success. It provides a foundation for uncovering the fundamental origins of high-temperature superconductivity in hydrogen-based materials. "We hope that by extending this tunneling technique to other hydride superconductors, the key factors that enable superconductivity at even higher temperatures can be pinpointed. This should ultimately enable the development of new materials that can operate under more practical conditions," states Dr. Feng Du, first author of the now published study.

Dr. Mikhail Eremets, a leading figure in high-pressure superconductivity research who deceased in November 2024, described the study as "the most important work in the field of hydride superconductivity since the discovery of superconductivity in H3S in 2015." Vasily Minkov, project leader of High-Pressure Chemistry and Physics at the Max Planck Institute for Chemistry, added: "Mikhail s vision of superconductors operating at room temperature and moderate pressures comes a step closer to reality through this work."

A Brief History of Superconductivity

Superconductivity refers to the ability of certain materials to conduct electrical current without resistance. It was first discovered in pure mercury in 1911 by Heike Kamerlingh Onnes. For many decades, scientists believed this phenomenon could only occur at temperatures near absolute zero (-273 degC).

That assumption changed in the late 1980s when Georg Bednorz and Karl Alexander Muller discovered copper-oxide superconductors, also known as cuprates, that exhibited high-temperature superconductivity under normal atmospheric pressure. This discovery sparked worldwide research efforts.

Over time, scientists reached critical temperatures (Tc) of about 133 K at ambient pressure and 164 K under high pressure. Progress then stalled until hydrogen-rich compounds entered the picture.

Hydrogen-Rich Materials Push the Limits

The discovery of superconductivity in H3S at megabar pressures, with a Tc = 203 K by the research group led by Dr. Mikhail Eremets, represented a turning point. Soon after, even higher critical temperatures were observed in hydrogen-rich metal hydrides such as YH9 (Tc [?] 244 K) and LaH10 (Tc [?] 250 K).

Current theoretical models now suggest that superconductivity above room temperature may be possible in several hydrogen-dominated systems when subjected to extreme pressure.

Cooper Pairs and the Meaning of the Superconducting Gap

In normal metals, electrons near the Fermi level can move freely. The Fermi level represents the highest energy level electrons can occupy in a solid at absolute zero. When a material becomes superconducting, electrons instead form paired states known as Cooper pairs and enter a collective quantum state.

In this state, paired electrons move together without scattering off phonons or impurities in the crystal lattice, which eliminates electrical resistance. This pairing creates an energy gap near the Fermi level called the superconducting gap. The gap represents the minimum energy required to break a Cooper pair and plays a protective role by stabilizing the superconducting state against disturbances.

The superconducting gap is a defining feature of superconductivity. Its size and symmetry provide critical insight into how electrons interact and pair, making it a key fingerprint of the underlying superconducting mechanism.
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Scientists found climate change hidden in old military air samples | ScienceDaily
By examining DNA preserved in decades-old air samples collected by the Swedish Armed Forces, scientists at Lund University in Sweden have uncovered clear evidence that the seasonal release of spores by northern mosses has changed dramatically over the last 35 years. The research shows that moss spores are now released several weeks earlier than they were in the past, highlighting how quickly natural systems can adjust as the climate warms.


						
Air sampling in Sweden began in the 1960s as part of efforts to monitor radioactive fallout from nuclear weapons testing. At the time, the goal was strictly related to national security, not ecology. Yet the glass fiber filters used to trap airborne particles also preserved traces of DNA from pollen, spores, and other microscopic biological material. This unexpected scientific resource was identified by Per Stenberg, a researcher at Umea University.

"The samples have proved to be an unexpected, unique and very exciting archive of DNA from wind-dispersed biological particles," says Nils Cronberg, a botany researcher at Lund University.

Moss spores are appearing weeks earlier than before

Using this archive, the research team tracked changes in airborne moss spores across a 35-year period, focusing on 16 different moss species and groups. Their analysis revealed a striking shift. On average, mosses now begin releasing spores about four weeks earlier than they did in 1990, and the peak of spore dispersal arrives roughly six weeks sooner.

"It's a considerable difference, especially considering that summer is so short in the north," says Nils Cronberg.

Last year's climate matters more than spring weather

The findings point to warmer autumns as a key driver of the shift. When autumn temperatures stay higher for longer, mosses have more time to develop their spore capsules before winter arrives. This extra development time gives the plants a biological kick-start, allowing spores to be released earlier once spring begins. One of the most unexpected results was what did not influence spore timing.




"We had expected that snow thaw or air temperature in the same year as spore dispersal would be crucial, but climate conditions the year before were shown to be the most important factor," says Fia Bengtsson, formerly a researcher in botany at Lund University, who is now at the Norwegian Institute for Nature Research.

A new way to track long-term ecological change

Beyond documenting rapid ecological responses to climate change, the study introduces a powerful new approach for studying how plants and animals have changed over time. The same DNA-based method can be applied to other species that release biological material into the air. Because air samples have been collected from locations across Sweden, researchers can reconstruct ecological shifts over decades and compare trends from north to south.

"We anticipate that our results and knowledge about how nature has changed from the 1970s onwards will be part of the next report by the Intergovernmental Panel on Climate Change (IPCC) on the documented effects of climate change," concludes Nils Cronberg.
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Astrophysicists map the invisible universe using warped galaxies | ScienceDaily
In today's leading model of cosmology, most of the universe is invisible: about 95 percent of the universe is made up of dark matter and dark energy. Scientists still do not know what either one actually is, but their influence is unmistakable. Dark matter provides extra gravity that helps shape galaxies and clusters, while dark energy is linked to the universe's accelerating expansion. Because these ingredients do not emit light, researchers learn about them by tracking how they affect the visible universe. Astrophysicists at the University of Chicago did exactly that by studying a new region of sky in order to better understand the hidden cosmos.


						
Between 2013 and 2019, the Dark Energy Survey (DES) gathered observations with the Dark Energy Camera (DECam) on the 4-meter Blanco Telescope at the Cerro Tololo Inter-American Observatory in Chile. Over that period, DES measured and calibrated the shapes of more than 150 million galaxies across 5,000 square degrees (about an eighth) of the sky. Those galaxy shape measurements help scientists refine estimates of how mass is spread through the universe and how dark energy behaves.

DES has also played a role in a major recent puzzle involving the Lambda-CDM (LCDM) model, the standard framework used to describe the universe. Some studies of the nearby universe using galaxy surveys such as DES have seemed to disagree with predictions based on the early universe, which are inferred from the cosmic microwave background (CMB) -- the leftover radiation from the Big Bang.

Although DECam was built to support DES, it also collected many images outside the main DES footprint. In a new set of papers in the Open Journal of Astrophysics, UChicago astrophysicists used those additional observations and nearly doubled the number of galaxies with measured shapes by adding data from thousands of square degrees beyond the DES region. Because these images were not originally captured for weak lensing work, the expanded data set offers an independent way to recheck the earlier LCDM inconsistencies.

Weak gravitational lensing and why galaxy shapes matter

Gravitational lensing happens when mass bends light, and it is one of the most powerful tools for studying where mass sits in the universe. That includes ordinary matter as well as dark matter, and it can also shed light on dark energy's role, said Chihway Chang, associate professor of Astronomy and Astrophysics and lead of the Dark Energy Camera All Data Everywhere (DECADE) weak lensing cosmic shear project.

In weak gravitational lensing, galaxies do not look dramatically stretched. Instead, their shapes appear just slightly distorted (sheared) because their light passes through and around matter on its way to Earth. The signal is extremely small, so researchers rely on statistical methods to detect it.




"Weak lensing measurements are best at probing the 'clumpiness' of matter," said Dhayaa Anbajagane, a PhD student in Astronomy and Astrophysics who is lead analyst and first author on the series of DECADE papers. "Quantifying this clumpiness sheds light on the origin and evolution of structures like galaxies and galaxy clusters. This is loosely akin to measuring the distribution of people (the matter) living across a region and using that to understand features such as the landscape's topography or the location or age of urban areas (factors that influence the origin and evolution of structures)."

Measuring galaxy distances and testing the standard cosmology model

For the DECADE work, the researchers measured the shapes of more than 100 million galaxies. They also estimated how far away those galaxies are by analyzing how much each galaxy's light shifts toward red wavelengths (redshift). That shift shows how quickly a galaxy is moving away, and it can be used to calculate its distance from Earth.

With galaxy shapes and distances in hand, the team fit the LCDM model to the observations. LCDM is the widely used cosmology model that accounts for dark energy, dark matter, ordinary matter, neutrinos, and radiation. "This is a well-tested model that has survived many, many examinations in the past decade, and our data point is going to add to that story," said Chang.

The DECADE results show that cosmic structure growth matches what LCDM predicts, aligning with earlier weak lensing studies. "In addition, when comparing our constraints with those derived and extrapolated from the early universe's CMB, we also agree well," said Chang. "This last point has been a source of debate over the past five or so years, and with our new results, we can say that we do not see tension between weak lensing and CMB."

"We are also able to combine the DECADE lensing measurements with those of DES, resulting in a galaxy lensing analysis that uses the largest number of galaxies (270 million) covering the widest patch of sky (13,000 square degrees) to date," said Anbajagane. "Given this large amount of data, we can make particularly conservative choices in our analysis -- such as only making or using the measurements we trust most, rather than all useful or possible measurements -- and still make a measurement with enough precision to meaningfully inform our comparisons with the CMB."

An unconventional survey built from archival telescope images




DECADE provides an independent check on whether weak lensing results agree with CMB-based expectations, using a different part of the sky than DES but at a comparable scale. Alex Drlica-Wagner, Scientist at Fermilab and UChicago associate professor in Astronomy and Astrophysics who led the DECADE observing campaign, noted that success was not guaranteed at the outset. "It was not clear that the DECADE dataset would be of sufficient quality to perform a cosmological analysis, but we have shown that it can indeed produce robust results," he said.

A standout feature of the project involved image quality decisions, Anbajagane explained. Traditional weak lensing surveys collect close to a hundred thousand purpose-built images over many years, and many frames are rejected when they fail strict standards. "The DECADE project is unique as it repurposes archival data -- images originally taken by the astronomy community for a wide variety of science goals, from studying dwarf galaxies to stars to distant galaxy clusters -- and uses significantly more permissive criteria for image quality. Our work shows robust lensing analyses can be done even if we do not have lensing-dedicated imaging campaigns," he said.

That approach could influence how researchers handle future weak lensing studies, including work based on theVera C. Rubin Legacy Survey of Space and Time (Rubin LSST) survey. Using a larger share of available images could boost the precision of cosmological measurements. The team's ability to use archival images also depended heavily on careful image inspection, led by Chin Yi Tan, a PhD student in Physics.

A massive public galaxy catalog and global collaboration

Combined with DES, the final catalog covers about one-third of the sky (13,000 square degrees) and includes 270 million galaxies. The catalog was released to the scientific community this fall, and researchers have already begun using the images for other studies, including work on dwarf galaxies and new maps of the universe's mass. "We're actively working on applying other analysis methods to our data alongside experts at theKavli Institute for Cosmological Physics," said Anbajagane.

The DECADE analysis brought together scientists from UChicago, Fermilab, and NCSA at UIUC, along with collaborators from Argonne, UW-Madison, and many other institutions worldwide. "It was quite special to have these different components all sitting in the hallway," said Chang. "It also allowed us to learn from each other -- and resulted in an unexpected but wonderful outcome of this project."
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This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules | ScienceDaily
In the damp shade beneath moss-covered trees, high in the mountains of Taiwan and mainland Japan or deep within the subtropical forests of Okinawa, an unusual organism quietly grows. At first glance, it resembles a mushroom. In reality, it is a plant called Balanophora, and it possesses some of the smallest flowers and seeds known in the plant world.


						
Unlike most plants, Balanophora contains no chlorophyll and cannot perform photosynthesis. It also lacks a conventional root system to draw water from the soil. Instead, it survives entirely by attaching itself to the roots of specific nearby trees and stealing the nutrients it needs. Some species and populations take this strangeness even further by producing seeds without fertilization -- a reproductive strategy that is extremely rare among plants.

Scientists uncover the secrets of a long-mysterious plant

The genus Balanophora takes its name from its acorn-like appearance (Greek: balanos, acorn; phoros, bearing), and it has puzzled scientists for generations. Because the plant is rare and restricted to highly specific habitats that are increasingly threatened by human activity, most research has been limited to isolated populations.

That is now changing. A collaborative team from the Okinawa Institute of Science and Technology (OIST), Kobe University, and the University of Taipei has conducted a broad survey of Balanophora across its scattered and hard-to-reach habitats. Their findings, published in New Phytologist, trace the plant's evolutionary history, reveal how its internal structures have adapted to a parasitic lifestyle, and open new doors for future research into this unusual lineage.

As study lead author Dr. Petra Svetlikova, Science and Technology Associate at OIST, explains: "Balanophora has lost much of what defines it as a plant, but retained enough to function as a parasite. It's a fascinating example of how something so strange can evolve from an ancestor that looked like a normal plant with leaves and a normal root system."

Shrinking plastids and life without photosynthesis

Parasitic plants often undergo dramatic internal changes as they become more dependent on their hosts. One common trend is the reduction or loss of plastids -- a category of plant organelles that includes chloroplasts, which enable photosynthesis in most plants.




Even though Balanophora relies completely on its host trees for nutrition, the researchers found that it has not eliminated its plastids. Instead, these structures have been pared down to a minimal form. While non-parasitic plants may use up to 200 genes to build and maintain plastids, Balanophora retains only about 20. Despite this extreme reduction, more than 700 proteins are still transported into these plastids from the surrounding cell, indicating that they continue to perform essential functions.

Professor Filip Husnik, head of the Evolution, Cell Biology, and Symbiosis Unit at OIST, notes the surprise of this discovery. "That Balanophora plastids are still involved in the biosynthesis of many compounds unrelated to photosynthesis was surprising. It implies that the order and timing of plastid reduction in non-photosynthetic plants is similar to other eukaryotes, such as the malaria-causing parasite, Plasmodium, which originated from a photosynthetic ancestor."

An ancient lineage shaped by islands

By examining samples from many different populations, the team reconstructed the evolutionary tree of Balanophora and traced how it spread across subtropical regions of East Asia. The plant belongs to the family Balanophoraceae, one of the oldest known groups of fully parasitic plants.

This family began diversifying during the mid-Cretaceous period, roughly 100 million years ago -- making it one of the earliest land plant lineages to abandon photosynthesis entirely.

Reproduction without sex and the risks of survival

Balanophora's reproductive strategies are just as unusual as its appearance and lifestyle. Reproductive methods vary widely between species and even between populations. Some require fertilization to produce seeds, while others can also reproduce without fertilization, a process known as facultative agamospermy. In the most extreme cases, some species are obligately agamospermous, meaning they never reproduce sexually at all.




"Obligate agamospermy is exceedingly rare in the plant kingdom, because it typically carries a lot of negative downsides -- lack of genetic diversity, accumulation of bad mutations, dependence on specific conditions, higher extinction risk, and so on," says Dr. Svetlikova. "Fascinatingly, we found that the obligately agamospermous Balanophora species were all island species -- and we speculate that more Balanophora species may be facultative, or even obligate, agamosperms."

One advantage of this reproductive approach is that a single female plant can establish a new population after reaching an island. This ability allows Balanophora to spread quickly into the narrow ecological niche it prefers: dark, moist forest undergrowth where few other plants can survive.

A fragile future for a highly specialized plant

Despite its ability to clone itself, Balanophora is extremely selective about its hosts. Each population typically parasitizes only a small number of tree species. This specialization makes the plant especially vulnerable to environmental change.

Dr. Svetlikova emphasizes the importance of collaboration and conservation. "We're very thankful to our collaborators Dr. Huei-Jiun Su and Dr. Kenji Suetsugu, experts on parasitic plants, for their help in sampling the studied Balanophora species, and to local authorities in Okinawa that allowed us to study these extraordinary plants," she says. "Most known habitats of Balanophora are protected in Okinawa, but the populations face extinction by logging and unauthorized collection. We hope to learn as much as we can about this fantastic, ancient plant before it's too late. It serves as a reminder of how evolution continues to surprise us."
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Deaths of despair were rising long before opioids | ScienceDaily
A new study suggests that falling participation in organized religion among middle-aged white Americans with lower levels of education may have contributed to the rise in so-called "deaths of despair." These deaths include fatalities linked to drug overdoses, suicide, and alcoholic liver disease.


						
The researchers found a clear pattern at the state level. States that experienced the sharpest drops in church attendance between 1985 and 2000 also saw the largest increases in deaths from these causes during the same period.

A Trend That Began Before the Opioid Crisis

Deaths of despair are often associated with the arrival of OxyContin and other powerful opioids in the late 1990s. However, the new analysis indicates that the upward trend started earlier, at the same time religious participation began to decline.

"What we see in this study is the beginning of the story, before opioids became a major issue, and it shows rises in deaths of despair were already beginning to happen when the opioid crisis hit," said Tamar Oostrom, co-author of the study and an assistant professor of economics at The Ohio State University.

Oostrom worked on the research with Tyler Giles of Wellsley College and Daniel Hungerman of the University of Notre Dame. The study was published online in the Journal of the European Economic Association.

Data Sources and Affected Populations

The research team combined survey data on religious involvement from the General Social Surveys with mortality records from the Centers for Disease Control and Prevention.




Their findings showed that the decline in religious participation was concentrated among white, middle-aged adults without a college degree. This was the same group that experienced the most pronounced increases in deaths of despair, Oostrom said.

The relationship between lower church attendance and higher mortality appeared consistently across genders and was seen in both rural and urban areas of the United States.

Blue Laws and Changes in Church Attendance

To strengthen their findings, the researchers examined the repeal of "blue laws," which had previously restricted many businesses from operating on Sundays. These laws limited competition with church attendance by reducing alternative activities.

A major wave of repeals took place in 1985, when Minnesota, South Carolina, and Texas eliminated their blue laws. The researchers compared outcomes in those states with others that did not make similar changes at that time.

The analysis showed that repealing blue laws led to a 5- to 10-percentage-point drop in weekly attendance at religious services. In later years, those same states also experienced higher rates of deaths of despair.




Mortality Trends Before and After Opioids

Oostrom noted that deaths of despair among middle-aged white Americans had been steadily declining from the late 1970s through the early 1990s. That decline eventually stalled, a shift that aligns with both falling church attendance and the repeal of blue laws.

After OxyContin was introduced in 1996, mortality rates rose sharply.

"OxyContin and the opioid crisis made a bad situation worse, but the deaths of despair were already on the rise," Oostrom said.

Why Churchgoing May Matter for Health

The study raises an important question: how could lower church attendance contribute to higher death rates?

Oostrom explained that people who stop attending religious services often lose social ties, which past research has shown play a crucial role in physical and mental health. However, the findings suggest that social connection alone does not fully explain the pattern.

The researchers did not observe similar declines in other types of social activities during the same period when church attendance was falling.

"Religion may provide some way of making sense of the world, some sense of identity in relation to others, that can't easily be replaced by other forms of socialization," Oostrom said.

She also emphasized that belief itself did not fade during the years studied.

"What changed is whether people identified as religious and whether they go to church. Those are the things that matter when it comes to deaths of despair," she said.

Can Community Participation Reverse the Trend?

The findings raise the possibility that renewed involvement in religious organizations or even secular community groups might help counter rising mortality rates. However, the authors caution that existing evidence does not offer much optimism.

"To our knowledge, findings on this point have so far been pessimistic," the researchers wrote.

Oostrom added that there is no clear sign that broader declines in community participation are reversing. She also noted that the positive effects of religious involvement on life satisfaction are difficult to reproduce through other forms of social engagement.

The growing role of social media in the 21st century may further reduce the likelihood of a meaningful reversal, she said.

"People are less religious now, and there hasn't been a substitute that provides what religion provided to many people. And our paper suggests this could have long-term impacts on health and mortality," Oostrom said.
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The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's | ScienceDaily
When people picture DNA, they often imagine a set of genes that shape our physical traits, influence behavior, and help keep our cells and organs functioning.


						
But genes make up only a small slice of our genetic code. Just around 2% of DNA contains our 20,000-odd genes. The other 98% has long been labelled the non-coding genome, or so-called 'junk' DNA. This larger portion includes many of the control switches that determine when genes turn on and how strongly they act.

Astrocytes and hidden DNA switches in the brain

Researchers from UNSW Sydney have now pinpointed DNA switches that help regulate astrocytes. Astrocytes are brain cells that support neurons, and they are known to be involved in Alzheimer's disease.

In research published on December 18 in Nature Neuroscience, a team from UNSW's School of Biotechnology & Biomolecular Sciences reported that they tested nearly 1000 possible switches in lab-grown human astrocytes. These switches are strings of DNA called enhancers. Enhancers can sit far from the genes they influence, sometimes separated by hundreds of thousands of DNA letters, which makes them difficult to investigate.

Testing nearly 1000 enhancers at once

To tackle that problem, the researchers combined CRISPRi with single-cell RNA sequencing. CRISPRi is a method that can switch off small stretches of DNA without cutting it. Single-cell RNA sequencing measures gene activity in individual cells. Together, the tools let the team examine the effects of nearly 1000 enhancers in a single large-scale test.




"We used CRISPRi to turn off potential enhancers in the astrocytes to see whether it changed gene expression," says lead author Dr. Nicole Green.

"And if it did, then we knew we'd found a functional enhancer and could then figure out which gene -- or genes -- it controls. That's what happened for about 150 of the potential enhancers we tested. And strikingly, a large fraction of these functional enhancers controlled genes implicated in Alzheimer's disease."

Cutting the list from 1000 candidates to about 150 confirmed switches greatly reduces the search area in the non-coding genome for genetic clues linked to Alzheimer's disease.

"These findings suggest that similar studies in other brain cell types are needed to highlight the functional enhancers in the vast space of non-coding DNA"

Why "in-between" DNA matters for many diseases

Professor Irina Voineagu, who oversaw the study, says the results also provide a useful reference for interpreting other genetic research. The team's findings create a catalogue of DNA regions that can help explain results from studies looking for disease-related genetic changes.




"When researchers look for genetic changes that explain diseases like hypertension, diabetes and also psychiatric and neurodegenerative disorders like Alzheimer's disease -- we often end up with changes not within genes so much, but in-between," she says.

Her team directly tested those "in-between" stretches in human astrocytes and showed which enhancers truly control key brain genes.

"We're not talking about therapies yet. But you can't develop them unless you first understand the wiring diagram. That's what this gives us -- a deeper view into the circuitry of gene control in astrocytes."

From gene switches to AI prediction models

Running nearly a thousand enhancer tests in the lab took painstaking effort. The researchers say this is the first time a CRISPRi enhancer screen of this size has been carried out in brain cells. Now that the groundwork has been done, the dataset can also be used to train computer models to predict which suspected enhancers are real gene switches, potentially saving years of lab work.

"This dataset can help computational biologists test how good their prediction models are at predicting enhancer function," says Prof. Voineagu.

She adds that Google's DeepMind team is already using the dataset to benchmark their recent deep learning model called AlphaGenome.

Potential tools for gene therapy and precision medicine

Because many enhancers are active only in specific cell types, targeting them could offer a way to fine-tune gene expression in astrocytes without changing neurons or other brain cells.

"While this is not close to being used in the clinic yet -- and much work remains before these findings could lead to treatments -- there is a clear precedent," Prof. Voineagu says.

"The first gene editing drug approved for a blood disease -- sickle cell anemia -- targets a cell-type specific enhancer."

Dr. Green says enhancer research could become an important part of precision medicine.

"This is something we want to look at more deeply: finding out which enhancers we can use to turn genes on or off in a single brain cell type, and in a very controlled way," she says.
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NASA just caught a rare glimpse of an interstellar comet | ScienceDaily
NASA's Europa Clipper spacecraft has captured important new data on the interstellar comet 3I/ATLAS using its Southwest Research Institute-led Ultraviolet Spectrograph (UVS). In July, 3I/ATLAS became the third officially confirmed interstellar object known to enter our solar system. The UVS instrument was able to observe the comet during a window when viewing from Mars and Earth was difficult or not possible.


						
"We're excited that this opportunity to view another target on the way to Jupiter was completely unexpected," said SwRI's Dr. Kurt Retherford, the principal investigator for Europa-UVS. "Our observations have allowed for a unique and nuanced view of the comet."

Europa Clipper launched in 2024 and is expected to reach the Jovian system in 2030. Once there, it will orbit Jupiter and carry out 49 close flybys of the moon Europa. UVS collects ultraviolet light to study the makeup of Europa's atmospheric gases and materials on its icy surface.

Timing matters when telescopes cannot see

Less than a week after the comet was discovered, analysts at NASA's Jet Propulsion Laboratory (JPL) mapped its path through the solar system. The Europa Clipper team soon recognized that the spacecraft could watch 3I/ATLAS in November, a period when the comet's position near the Sun would block much of the view from Earth and when Mars-based observing conditions were no longer at their best.

That timing let Europa Clipper fill a critical gap, connecting Mars-based observations from late September with later viewing opportunities from Earth. Because the comet's trajectory placed it between Europa Clipper and the Sun, the spacecraft had an unusual vantage point. This matters because comets typically show two main tails, a dust tail that trails behind and a plasma tail that points away from the Sun.

A behind-the-tails view and a second spacecraft perspective

From its sunward location, Europa-UVS captured a downstream view of both tails, looking largely from "behind" the tails back toward the comet's nucleus and coma (cloud of gas surrounding it). At the same time, observations from the SwRI-led UVS instrument aboard ESA's Jupiter Icy Moons Explorer (JUICE) will add an anti-sunward view, giving scientists a more typical angle during the exact same period.




"We're hopeful that this new view, along with observations from Earth-based assets and other spacecraft, will help us to piece together a more complete understanding of the tails' geometries," said SwRI's Dr. Thomas Greathouse, co-deputy principal investigator of Europa-UVS.

Europa-UVS identified oxygen, hydrogen, and dust-related signatures. These findings support the broader set of observations indicating that 3I/ATLAS went through a stretch of high outgassing activity shortly after its closest approach to the Sun.

"Europa-UVS is particularly adept at measuring fundamental transitions from atoms and molecules," Retherford said. "We can see gases come off the comet, and water molecules break apart into hydrogen and oxygen atoms."

Those measurements allow Europa Clipper to closely study these atomic species, offering a more detailed look at what is happening in the comet and what it is made of.

Clues to the comet's origin beyond our solar system

"Understanding the composition of the comet and how readily these gases are emitted can give us a clearer view of the comet's origin and how it may have evolved during transit from elsewhere in the galaxy to our solar system," SwRI's Dr. Tracy Becker, co-deputy principal investigator of Europa-UVS said. "What are the chemical processes at play, and how can we unravel the comet's origin in its own star system? Were those processes similar to how we believe our solar system formed? Those are big questions."

JPL manages the Europa Clipper mission for NASA's Science Mission Directorate in Washington, D.C. The mission was developed in partnership with the Johns Hopkins University Applied Physics Laboratory (APL), in Laurel, Maryland.
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An 11-year-old needed two new organs and doctors made history | ScienceDaily
Children's Hospital Colorado (Children's Colorado) has completed its first-ever dual heart and liver transplant, marking a major milestone for the hospital. The complex procedure involved dozens of specialists working across 25 multidisciplinary care teams. Nationwide, only 38 pediatric patients have previously received both a heart and liver transplant.


						
"Performing Children's Colorado's first-ever heart and liver dual organ transplant is an amazing accomplishment for our Pediatric Transplant Program," said Dr. Megan Adams, surgical director of the Pediatric Liver Transplant and Kidney Transplant Programs. "Thanks to years of dedication and a team committed to being the trusted leaders in pediatric transplant across our seven-state region, we're grateful to provide this level of care to even more kids who need complex organ transplants to treat life-threatening illnesses and help them live healthy and happy lives."

Years of Preparation Lead to a Life-Saving Moment

Care teams at Children's Colorado had spent years preparing for the possibility of a dual heart and liver transplant. Close coordination among specialists in surgery, cardiology, hepatology, and other fields, along with strong backing from hospital leadership, ensured the team was ready when 11-year-old Gracie Greenlaw and her family needed help.

Gracie was born with hypoplastic left heart syndrome (HLHS), a condition in which her heart developed with only one functioning pumping chamber. Before turning three, she underwent three major surgeries, the Norwood, the Glenn and the Fontan, to allow her heart to circulate blood effectively. Although many children with HLHS now survive into adulthood, the condition and its treatments can lead to serious long-term complications, including liver damage and liver failure.

Managing the Long-Term Effects of Congenital Heart Disease

To address these ongoing challenges, Children's Colorado established the Fontan Multidisciplinary Clinic in 2016 as part of its Single Ventricle Program. The clinic focuses on caring for patients with HLHS and other single ventricle conditions, such as tricuspid atresia and unbalanced common atrioventricular canal, by providing coordinated, whole-patient care.




Through this program, Gracie received continuous monitoring and treatment for both her heart and liver. Her care team included experts like cardiologist Dr. Kathleen Simpson and hepatologist Dr. Dania Brigham, who worked together to manage her condition until a transplant became the best option.

"The Fontan is a lifesaving surgery, but the longer someone lives after the procedure, there is an increased chance of developing comorbidities," Simpson said. "Our care team worked to keep her healthy and living a typical day-to-day life as long as possible before we determined a dual organ transplant would give her the best long-term quality of life."

Preparing for a Complex Dual Organ Transplant

For years, Gracie lived with plastic bronchitis, a condition that causes thick, protein-like material to build up in the airways. Over the past year, her symptoms worsened, and signs of liver failure began to appear. Her medical team concluded that moving forward with a dual transplant was necessary, and she was placed on the transplant waitlist in April.

In preparation, dozens of specialists met regularly to plan for the surgery. They carefully accounted for the challenges of transplanting two organs at once, including differences in blood volume needs and electrolyte management during the operation.

A Carefully Orchestrated 16-Hour Surgery

Less than a month after joining the waitlist, compatible donor organs became available, made possible by another family's decision to donate. Because the heart can only remain viable for a short time, the surgical team began with the heart transplant. Dr. Matthew Stone, surgical director of the Pediatric Heart Transplant Program, and congenital heart surgeon Dr. Emily Downs led the nine-hour procedure.




While the heart surgery was underway, the donor liver was maintained on a TransMedics Organ Care System -- a specialized device designed to replicate normal liver function. This technology preserved the liver and allowed the heart surgeons the time they needed to complete their work. Dr. Adams and transplant surgeon Dr. Kendra Conzen then performed the liver transplant, which took an additional seven hours. Throughout the process, close coordination with anesthesiology teams was essential to protect Gracie's health.

Recovery and a Return to Everyday Life

The surgery was successful. Gracie left the cardiac progress care unit just over a month later. Seven months after the transplant, she continues to attend monthly follow-up visits, but she has returned to school and is back home with her dogs.

Like other pediatric heart transplant recipients, Gracie will need another heart transplant later in life. Her transplanted liver, however, is expected to last for the rest of her lifetime.

"This procedure showcases the expertise, talent and level of care Children's Colorado provides to our patients, including those with complex medical needs," said Dr. Duncan Wilcox, Surgeon in Chief. "As the top-ranked pediatric hospital in Colorado and the Rocky Mountain region, we are proud of our leading-edge transplant care and look forward to supporting more patients who need dual organ transplants in the future."
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Neurons aren't supposed to regrow but these ones brought back vision | ScienceDaily
For decades, neuroscientists have taught that neurons do not regenerate once they are damaged or destroyed. This belief has shaped how brain injuries are understood and treated. Yet people often regain at least some lost abilities after trauma, raising an important question: if neurons do not grow back, how does recovery happen?


						
A new JNeurosci paper offers insight into this puzzle. Athanasios Alexandris and colleagues at Johns Hopkins University used mice to study what happens inside the visual system after traumatic brain injury. The visual system includes cells in the eye that send information to the brain, allowing animals and humans to see. Damage to this system can disrupt communication between the eye and the brain, leading to vision problems.

Surviving Cells Rebuild Eye to Brain Connections

After injury, the researchers closely tracked the connections between cells in the eye and neurons in the brain. Instead of finding widespread regrowth of new cells, they observed something different. The cells that survived the injury began to adapt.

These surviving cells grew extra branches, which allowed them to connect with more neurons in the brain than before. This process, known as sprouting, helped compensate for cells that were lost due to injury. Over time, the number of connections between the eye and the brain returned to levels similar to those seen before the injury occurred.

Importantly, these rebuilt connections were not just structural. Measurements of brain activity showed that the new pathways were working properly and could transmit signals effectively. In practical terms, this means the visual system was able to function again despite the damage.

Sex Differences in Visual System Recovery

The study also revealed a significant difference between male and female mice. While male mice showed strong recovery through this compensatory sprouting process, female mice experienced slower or incomplete repair. The eye to brain connections in females did not always fully return to preinjury levels.

According to the authors, these findings point to a recovery mechanism that operates differently depending on sex. As Alexandris explains, "We didn't expect to see sex differences, but this aligns with clinical observations in humans. Women experience more lingering symptoms from concussion or brain injury than men. Understanding the mechanism behind the branch sprouting we observed -- and what delays or prevents this mechanism in females -- could eventually point toward strategies to promote recovery from traumatic or other forms of neural injury."

The research team plans to continue investigating why this repair process differs between females and males. By uncovering the biological factors that influence neural recovery, they hope to identify new ways to improve healing after brain injuries, including concussions and other forms of trauma.
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A stunning new forecast shows when thousands of glaciers will vanish | ScienceDaily
    	A major new international study led by ETH Zurich has, for the first time, estimated how many of the world's glaciers are expected to survive through the end of this century and how long each one is likely to last.
    	The findings show a dramatic contrast between warming scenarios. If global temperatures rise to +4.0 degC, only about 18,000 glaciers would remain worldwide. Limiting warming to +1.5 degC could preserve roughly 100,000 glaciers.
    	The researchers also introduced the concept of "Peak Glacier Extinction," which marks the year when glacier losses reach their highest level. At +1.5 degC, this peak is projected to occur around 2041 with about 2,000 glaciers disappearing in a single year. Under +4 degC warming, the peak shifts to around 2055 and annual losses rise to roughly 4,000 glaciers.

Glaciers across the planet are shrinking at an accelerating pace. In some parts of the world, they are expected to disappear entirely. When scientists focus on the number of individual glaciers that are vanishing, rather than total ice volume, they find that the Alps could reach their highest rate of glacier loss between 2033 and 2041. How severe this period becomes depends on how much global temperatures rise. During this window, more glaciers could disappear than at any other time on record. On a global scale, the peak in glacier losses is expected roughly a decade later, with annual losses rising from about 2,000 to as many as 4,000 glaciers.

Alpine glaciers face near total collapse

The outlook for the Alps is especially severe. If current climate policies lead to a global temperature increase of +2.7 degC, projections suggest that by 2100 only around 110 glaciers would remain in Central Europe. This would represent just 3 per cent of today's total. Under a +4 degC warming scenario, that number drops further to about 20 glaciers. Even glaciers of moderate size, including the Rhone Glacier, would be reduced to small patches of ice or vanish altogether. In the same scenario, the vast Aletsch Glacier would break apart into several smaller sections. These changes extend a pattern already documented by ETH Zurich researchers, and there is no indication that it is slowing. Their work shows that between 1973 and 2016, more than 1,000 glaciers disappeared in Switzerland alone (cf. Annals of Glaciology).

Counting glaciers rather than ice volume

An international research team led by ETH Zurich, the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), and the Vrije Universiteit Brussel used these findings as part of a comprehensive new study. For the first time, the researchers calculated how many glaciers around the world disappear each year, how many are likely to survive through the end of the century, and how long individual glaciers are expected to persist. "For the first time, we've put years on when every single glacier on Earth will disappear," says Lander Van Tricht, lead author of the study published on December 15, 2025, in Nature Climate Change.

Previous studies largely examined glacier change by measuring total ice mass or surface area. In contrast, the ETH Zurich-led team focused on the number of glaciers themselves, their geographic distribution, and the timing of their disappearance. This approach reveals that regions dominated by small glaciers at lower elevations or closer to the equator face the greatest risk. These vulnerable areas include the Alps, the Caucasus, the Rocky Mountains, and parts of the Andes and African mountain ranges located at low latitudes.




"In these regions, more than half of all glaciers are expected to vanish within the next ten to twenty years," says Van Tricht, who works at ETH Zurich's Chair of Glaciology and the WSL.

How many glaciers could still survive?

The speed at which glaciers retreat is closely tied to how much the planet warms. To explore this relationship, the researchers ran simulations using three advanced global glacier models across several climate scenarios. For the Alps, their results show that limiting warming to +1.5 degC would allow about 12 per cent of glaciers to remain by 2100, or roughly 430 out of about 3,000 glaciers present in 2025. At +2.0 degC, the number falls to around 8 per cent, or about 270 glaciers. At +4 degC, survival drops to just 1 per cent, which corresponds to about 20 glaciers.

Similar patterns appear in other mountain regions. In the Rocky Mountains, about 4,400 glaciers would persist under a +1.5 degC scenario, representing roughly 25 per cent of today's estimated 18,000 glaciers. At +4 degC, only about 101 would remain, amounting to a 99 per cent loss. In both the Andes and Central Asia, approximately 43 per cent of glaciers would survive at +1.5 degC. Under +4 degC of warming, the situation changes sharply. The Andes would retain only around 950 glaciers, a 94 per cent reduction, while Central Asia would be left with roughly 2,500 glaciers, a 96 percent decline. Globally, a +4.0 degC world would be home to about 18,000 glaciers, compared with around 100,000 if warming were limited to +1.5degC.

The analysis also shows that glacier numbers are falling everywhere. No region is projected to escape this trend. Even in the Karakoram region of Central Asia, where some glaciers briefly advanced after the turn of the millennium, long-term projections show continued glacier loss.

Peak Glacier Extinction explains the turning point

The researchers introduce a new concept called "Peak Glacier Extinction." This term describes the moment when the number of glaciers disappearing in a single year reaches its highest level. After that point, annual losses decline because many of the smaller glaciers have already vanished. From a policy perspective, this distinction is important. Glacier ice continues to shrink even after the number of disappearing glaciers begins to fall.




The timing of this peak varies depending on warming levels. Under a +1.5 degC increase in global temperature, consistent with the Paris Agreement, Peak Glacier Extinction is expected around 2041, when about 2,000 glaciers disappear in one year. With +4 degC of warming, the peak shifts to around 2055 and the annual number of lost glaciers rises to about 4,000. Although it may seem counterintuitive that the peak arrives later under stronger warming, the explanation lies in the behavior of larger glaciers. In warmer conditions, not only do small glaciers vanish, but large glaciers also eventually disappear. Accounting for the complete loss of even the biggest glaciers is one of the key strengths of this approach.

The ETH Zurich team found that at +4 degC, the number of glaciers disappearing at the peak is roughly double that seen at +1.5 degC. Under the 1.5-degree scenario, about half of today's glaciers are expected to survive. At +2.7 degC, only about one-fifth remain, and at +4 degC, survival drops to around one-tenth. Even small differences in temperature matter. "The results underline how urgently ambitious climate action is needed," says Daniel Farinotti, co-author of the study and Professor of Glaciology at ETH Zurich.

Why glacier loss matters beyond climate science

The retreat of glaciers has consequences that extend well beyond climate metrics. This new way of measuring glacier loss offers valuable insights for politics, economies, and cultural life. Earlier research focused on glacier mass and volume, which is essential for estimating sea-level rise and managing water resources. "The melting of a small glacier hardly contributes to rising seas. But when a glacier disappears completely, it can severely impact tourism in a valley," says Van Tricht.

By identifying when and where glaciers are likely to vanish, the study also provides practical guidance. Policymakers, local communities, the tourism industry, and those responsible for managing natural hazards can use this information to prepare for a future with less ice and more uncertain water supplies.

In parallel with this scientific work, ETH Zurich researchers are contributing to projects such as the Global Glacier Casualty List. This initiative documents the names and histories of glaciers that have already disappeared, including the Birch and Pizol glaciers. "Every glacier is tied to a place, a story and people who feel its loss," says Van Tricht. "That's why we work both to protect the glaciers that remain and to keep alive the memory of those that are gone."
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Ancient oceans were ruled by super predators unlike anything today | ScienceDaily
Around 130 million years ago, the ocean's most dominant hunters held far more power than any marine predator alive today. Recent research from McGill University reveals that during the Cretaceous period, some sea creatures sat at the very top of an extraordinarily complex food chain, surpassing modern standards of ecological dominance.
The findings come from a study published in the Zoological Journal of the Linnean Society, which reconstructs the ancient marine ecosystem preserved in Colombia's Paja Formation. According to the research, this prehistoric sea was filled with enormous marine reptiles, some growing longer than 10 meters, that occupied a previously unseen seventh level of the food chain.
What Trophic Levels Reveal About Food Chains
Trophic levels describe an organism's position in a food chain based on how it gets energy and nutrients. Put simply, they explain who eats whom within an ecosystem. In today's oceans, food chains typically reach only six levels, with animals such as killer whales and great white sharks sitting at the top.
The discovery of predators operating at a seventh trophic level highlights just how rich and complex the Paja ecosystem once was. It also offers rare insight into a deep evolutionary struggle, where predators and prey continuously adapted in response to one another.
Reconstructing a Lost Marine Ecosystem
To uncover this ancient food web, McGill researchers analyzed all known animal fossils from a single geological formation in central Colombia. They built a detailed ecological network using fossil body sizes, feeding traits, and comparisons with modern animals that fill similar roles today.
To ensure accuracy, the team compared their reconstructed network with one of the most comprehensive modern marine ecosystem models available, based on living Caribbean environments. This allowed them to test whether their ancient model behaved realistically when measured against present-day ocean systems.
A Time of Explosive Marine Diversity
The Paja Formation dates back to the Mesozoic era, a time that included the Cretaceous period and was shaped by rising sea levels and warmer global temperatures. These conditions fueled a surge in marine biodiversity. The region supported plesiosaurs, ichthyosaurs, and large numbers of invertebrates, creating one of the most intricate marine food webs ever identified.
"Our study is the first to examine these possible ecological interactions," said Dirley Cortes, lead author and doctoral student in the Department of Biology. "Understanding this complexity helps us trace how ecosystems evolve over time, shedding light on the structures that support today's biodiversity."
"These findings illuminate how marine ecosystems developed through intense trophic competition and shaped the diversity we see today," added Hans Larsson, co-author of the study and Professor in the Department of Biology.
Why This Discovery Matters
The researchers note that this work marks only an early step in understanding ancient marine ecosystems. Very few fossil sites have been studied in enough detail to rebuild entire food webs. As more discoveries emerge, scientists will be able to compare ecosystems across different regions and time periods, deepening knowledge of how ancient oceans influenced the modern seas we depend on today.
"Top of the food chains: an ecological network of the marine Paja Formation biota from the Early Cretaceous of Colombia reveals the highest trophic levels ever estimated" by Dirley Cortes and Hans Larsson, was published in the Zoological Journal of the Linnean Society.
The research was supported by funding from the McGill-STRI Neotropical Environment Option (NEO) and the Natural Sciences and Engineering Research Council of Canada (NSERC).
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Earth may have been ravaged by "invisible" explosions from space | ScienceDaily
Touchdown airbursts are a form of cosmic impact that may happen more often than the well-known, crater-forming events linked to mass extinctions. Despite their potential for destruction, these explosive encounters remain poorly understood. UC Santa Barbara Earth Science Emeritus Professor James Kennett and his colleagues argue that these powerful events deserve far more scientific attention.


						
"Touchdown events can cause extreme damage through very high temperatures and pressures," Kennett said. "And yet they don't necessarily form a crater, or they form ephemeral surface disturbances, but they're not the classic major craters that come from direct impacts."

Recent research led by Kennett includes four newly published studies presenting evidence for multiple airburst events that occurred at different points in the past. In these events, an incoming object such as a comet detonates above the ground, releasing intense heat and shockwaves that reach Earth's surface. The evidence comes from a wide range of locations, including deep ocean sediments in the North Atlantic and the ruins of an ancient desert city. Across these sites, researchers identified signs of extreme conditions, including rare elements tied to the original space object, glassy material formed from melted Earth sediments, tiny spherical particles created by intense heat, and shocked quartz showing distinctive crack patterns.

Younger Dryas Evidence Found Beneath the Ocean

One of the studies, published in the journal PLOS One, describes the first discovery of airburst-related impact markers in marine sediments connected to the Younger Dryas Impact Hypothesis (YDIH). The material was found in deep-sea cores recovered from Baffin Bay, off Greenland's western coast.

"Baffin Bay is very significant because it's the first time we've found evidence for the Younger Dryas cosmic impact event in the marine record," Kennett said. The Younger Dryas hypothesis proposes that around 12,800 years ago, fragments of a comet exploded above Earth, setting off a sudden global cooling episode known as the Younger Dryas. This period coincided with the disappearance of many large animals and major changes in human populations and cultures. Because the comet broke apart, multiple explosions likely occurred, igniting widespread fires. These fires left behind a distinctive carbon-rich layer known as a "black mat," found mainly across the Northern Hemisphere in parts of the Americas and Europe. This layer is also rich in platinum, iridium, metallic melt particles, shocked quartz, and fused minerals known as meltglass.

"They're preserved in marine sediments as deep as about 2,000 meters," Kennett said. He explained that while these materials do not directly measure the strength of the explosions, they demonstrate how powerful and far-reaching the event was and hint at its influence on climate. "The material was thrown up into the atmosphere, and was globally transported and deposited in a broadly distributed layer that we earlier have described."

Searching for a Missing Crater




Cosmic impacts vary widely, ranging from the constant fall of fine extraterrestrial dust to massive collisions that occur only once every tens of millions of years. Large impacts usually leave craters, which have long served as the strongest physical evidence for such events. Because touchdown airbursts often fail to deform the landscape in lasting ways, confirming their occurrence is much more difficult. This stands in contrast to famous sites like the Chicxulub crater near Mexico's Yucatan Peninsula, which is directly linked to the extinction of the dinosaurs.

"Previously, there has been no evidence for the Younger Dryas boundary (YDB) event of any crater or possible crater," said Kennett. "So these events are more difficult to detect, especially when they are older than a few thousand years and after being buried, leave little or no superficial evidence."

However, a shallow seasonal lake near Perkins in southeast Louisiana may represent the first known crater dating to the Younger Dryas Boundary. Writing in the ScienceOpen journal Airbursts and Cratering Impacts, the research team revisited a suggestion made in 1938 by the landowner, who noted the lake's circular shape and a "crater-like rim raised about 1 meter above the surrounding terrain." Detailed sediment studies did not begin until 2006. Between then and 2024, researchers examined multiple sediment cores from the site and identified meltglass, spherules, and shocked quartz. Radiocarbon dating placed these materials within the Younger Dryas period. Even so, the team emphasized that "further research would be beneficial for testing the hypothesis that the lake/depression resulted from a cosmic impact."

Reexamining Tunguska and Tall el-Hammam

Shocked quartz has long been recognized as a sign of extreme heat and pressure from cosmic impacts. Traditionally, this evidence has been associated with large crater-forming events that produce straight, parallel cracks in quartz grains. In two additional papers published in Airbursts and Cratering Impacts, the researchers argue that airbursts can generate a wider range of fracture patterns. To support this, they analyzed samples from the site of the Tunguska explosion in Siberia in 1908 and revisited findings from Tall el-Hammam, an ancient city in the Levant believed to have been destroyed by a similar event about 3,600 years ago.

"The interesting thing about Tunguska is that it is the only recorded historical touchdown event," Kennett said. The explosion was witnessed by people on the ground, who described a bright fireball, and photographs later documented vast areas of flattened forest. Despite decades of study focused on fallen trees and soil damage, scientists had rarely searched for microscopic impact evidence. The new work represents the first comprehensive identification of airburst-related impact materials at Tunguska.




At the Tunguska site, researchers found shocked quartz showing clear planar fractures, some of which were filled with meltglass. They also identified tiny impact-formed spheres, along with melted metal and carbon. The energy released by the blast may have also created small depressions in the ground that later filled with water, forming today's swamps and lakes.

The team also strengthened the case for an airburst over Tall el-Hammam during the Middle Bronze Age. Alongside previously reported spherules, carbon, meltglass, and rare minerals, they documented shocked quartz displaying a wide variety of crack patterns. These included classic parallel fractures as well as curved, web-like, and sub-planar features, suggesting intense pressures and complex blast directions similar to those observed at Tunguska.

A More Common and Widespread Threat

Together, the new studies support the idea that cosmic impacts, particularly touchdown airbursts, may be far more frequent than scientists once assumed.

"They're far more common, but also possess much more destructive potential than the more localized, classic crater-forming asteroidal impacts." said Kennett. "The destruction from touchdown events can be much more widespread.And yet they haven't been very well studied, so these should be of interest to humanity."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251218060602.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Gravitational waves may reveal hidden dark matter around black holes | ScienceDaily
Scientists at the University of Amsterdam have developed a new way to use gravitational waves from black holes to uncover the presence of dark matter and learn more about its behavior. Their approach relies on a detailed theoretical model grounded in Einstein's theory of general relativity. This model carefully describes how a black hole interacts with material in its immediate environment, including dark matter that cannot be seen directly.


						
The research was carried out by Rodrigo Vicente, Theophanes K. Karydas and Gianfranco Bertone from the UvA Institute of Physics (IoP) and the GRAPPA center of excellence for Gravitation and Astroparticle Physics Amsterdam. Their findings were published in the journal Physical Review Letters. In the study, the team presents a more advanced method for calculating how dark matter surrounding black holes subtly alters the gravitational waves those systems produce.

Extreme Mass Ratio Inspirals and Long Gravitational Signals

The study concentrates on a class of systems known as extreme mass-ratio inspirals, or EMRIs. These occur when a small, dense object -- such as a black hole created by the collapse of a single star -- moves in orbit around a much larger black hole, usually one located at the center of a galaxy. Over time, the smaller object gradually spirals inward, emitting gravitational waves throughout this slow descent.

Upcoming space missions, including the European Space Agency's LISA space antenna scheduled for launch in 2035, are expected to observe these signals for very long periods. Some EMRI events may be tracked for months or even years, covering hundreds of thousands to millions of individual orbits. When scientists can model these signals with high precision, the resulting data act like detailed "cosmic fingerprints" that reveal how matter is arranged near massive black holes. This includes dark matter, which is believed to make up most of the matter in the Universe.

Why a Fully Relativistic Model Matters

Before observatories like LISA begin collecting data, researchers must understand in advance what kinds of gravitational wave patterns they should expect and how to interpret them. Until now, many studies have used simplified models that only roughly describe how the surrounding environment influences EMRIs. According to the authors, these approximations leave out important physical effects.




The new work addresses this limitation by introducing the first fully relativistic framework for a wide range of possible environments. This means the calculations rely entirely on Einstein's theory of gravity rather than simplified Newtonian approximations. As a result, the model can more accurately describe how matter around a massive black hole changes the orbit of the smaller object and reshapes the gravitational waves that are emitted.

Dark Matter Spikes and Detectable Imprints

A key focus of the study is on dense regions of dark matter that may form around massive black holes. These concentrations are often referred to as "spikes" or "mounds." By incorporating their relativistic model into modern gravitational waveform calculations, the researchers demonstrate that such dark matter structures would leave distinct, measurable signatures in the signals detected by future observatories.

The authors describe this research as an essential step toward a larger scientific goal. Over time, they hope gravitational waves can be used to chart how dark matter is distributed throughout the Universe and provide new insight into its fundamental nature.
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Scientists found a new way to slow aging inside cells | ScienceDaily
People around the world are living longer than ever, and that shift is changing what many want from aging. The goal is no longer just more years, but more good years. That has put new attention on "healthspan," the stretch of life when someone remains energetic, independent, and generally free of serious age-related problems.


						
A major focus of this effort is the mitochondria, often called the powerhouse of the cell. These structures generate the energy that keeps cells running by producing adenosine triphosphate (ATP). Because aging and many age-related diseases are closely tied to declining mitochondrial function, scientists see mitochondria as an important target for research aimed at healthier longevity.

Mitochondrial supercomplexes and the energy pipeline

Inside mitochondria, energy production depends on respiratory chain complexes. These molecules move protons and electrons in ways that ultimately allow cells to make ATP. Researchers have known for years that these complexes can assemble into larger, flexible groupings called supercomplexes. These supercomplexes are thought to improve the efficiency of mitochondrial respiration.

Even so, solid evidence that directly connects supercomplexes to clear health benefits has been limited, especially from studies in animals. That gap has left an important question unresolved: do these structures actually make a measurable difference for aging and overall health?

The COX7RP protein under the microscope

To explore this, a team led by Team Leader Satoshi Inouefrom the Tokyo Metropolitan Institute for Geriatrics and Gerontology in Japan examined COX7RP, a mitochondrial protein that helps supercomplexes form. Their new study, co-authored by Dr. Kazuhiro Ikeda from Saitama Medical University in Japan, appeared in the journal Aging Cell.




"We previously identified COX7RP, a mitochondrial protein, as a key factor that promotes the formation of mitochondrial respiratory supercomplexes, thereby enhancing energy production and reducing reactive oxygen species (ROS) that cause oxidative stress in cells," explains Dr. Inoue. "Based on this, we investigated the role of COX7RP and mitochondrial respiratory supercomplexes in regulating aging and anti-aging processes."

Engineered mice lived longer and stayed healthier

The researchers created COX7RP-transgenic (COX7RP-Tg) mice that were designed to produce higher levels of COX7RP throughout their lives. With this model, the team could closely track how the protein affected lifespan, aging-related changes, and metabolism.

The results were striking. On average, the COX7RP-Tg mice lived 6.6% longer than wild-type mice. The benefits were not limited to lifespan alone, since the engineered mice also showed signs of better healthspan. They had improved glucose homeostasis due to greater insulin sensitivity, as well as improved lipid measures with lower blood triglycerides and total cholesterol. The team also found better muscle endurance and less fat buildup in the liver.

Stronger mitochondria and fewer aging signals

At the cellular level, the data pointed to a clear improvement in mitochondrial performance. In tissues from COX7RP-Tg mice, the formation of mitochondrial respiratory supercomplexes increased, and ATP production rose as well.




A closer look at white adipose tissue revealed shifts in multiple aging-related biomarkers. The mice showed higher levels of coenzyme NAD+, lower levels of ROS, and reduced levels of the cellular aging marker b-galactosidase. Using single-nucleus RNA sequencing on white adipose tissue from older mice, the researchers also found reduced activity in genes associated with age-related inflammation. This included genes tied to the senescence-associated secretory phenotype (SASP), a prototypic characteristic of senescent cells.

Why this could matter for healthy aging

Taken together, the findings suggest that making mitochondria more energy efficient may help delay or reduce common problems linked to aging. "Our study elucidated novel mitochondrial mechanisms underlying anti-aging and longevity, and provided new insights into strategies for promoting healthspan and extending lifespan," highlights Dr. Inoue. "For instance, supplements and medications that enhance the assembly and function of mitochondrial respiratory supercomplexes may contribute to longevity expansion."

The researchers say additional work could strengthen the case for mitochondrial supercomplexes as treatment targets. If confirmed, this line of research could support new approaches to preserving vitality and addressing age-related metabolic disorders including diabetes, dyslipidemia, and obesity.

This work was supported by grants of the Japan Society for the Promotion of Science (23K07996, 24K02505, 22K06929, 23H02962, 24K21297); the Integrated Research Initiative for Living Well with Dementia at the Tokyo Metropolitan Institute for Geriatrics and Gerontology; the Takeda Science Foundation; and the Vehicle Racing Commemorative Foundation. This research was also supported by AMED under Grant Number JP25gm2110001.
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Glowing neurons let scientists watch the brain work in real time | ScienceDaily
About ten years ago, researchers began exploring a bold idea: using bioluminescent light to see what the brain is doing in real time. Instead of shining light onto brain tissue from the outside, they wondered whether neurons could be made to glow on their own.


						
"We started thinking: 'What if we could light up the brain from the inside?'" said Christopher Moore, a professor of brain science at Brown University. "Shining light on the brain is used to measure activity -- usually through a process called fluorescence -- or to drive activity in cells to test what role they play. But shooting lasers at the brain has down sides when it comes to experiments, often requiring fancy hardware and a lower rate of success. We figured we could use bioluminescence instead."

Building the Bioluminescence Hub

That idea helped launch the Bioluminescence Hub at Brown University's Carney Institute for Brain Science in 2017. Supported by a major grant from the National Science Foundation, the hub brought together collaborators including Moore (associate director of the Carney Institute), Diane Lipscombe (the institute's director), Ute Hochgeschwender (at Central Michigan University), and Nathan Shaner (at the University of California San Diego).

The team set out to create and share new neuroscience tools by giving cells in the nervous system the ability to produce light and respond to it.

A New Tool for Watching Neurons Glow

In a study published in Nature Methods, the researchers described a new bioluminescent imaging tool they developed. Known as the Ca2+ BioLuminescence Activity Monitor -- or "CaBLAM," for short -- the tool can capture activity within individual cells and even smaller cellular regions at high speed. It works effectively in mice and zebrafish, supports recordings that last for hours, and does not require any external light source.




Moore said Shaner, an associate professor of neuroscience and pharmacology at U.C. San Diego, led the effort to design the molecular device behind CaBLAM. "CaBLAM is a really amazing molecule that Nathan created," Moore said. "It lives up to its name."

Why Measuring Brain Activity Matters

Tracking the activity of living brain cells is critical for understanding how organisms function, Moore explained. Today, the most common way to do this relies on fluorescence-based genetically encoded calcium-ion indicators.

"In the way fluorescence works, you shine light beams at something, and you get a different wavelength of light beams back," said Moore, who directs the Bioluminescence Hub. "You can make that process calcium-sensitive so you can get proteins that will shift back a different amount or different color of light, depending on whether or not calcium is present, with a bright signal."

Although fluorescence techniques are widely used, Moore said they come with major drawbacks. Prolonged exposure to intense external light can harm brain cells. Over time, that illumination can also alter the fluorescent molecules themselves so they no longer emit enough light, a problem known as photobleaching that limits how long experiments can run. In addition, delivering light to the brain requires equipment like lasers and optical fibers, which makes experiments more invasive.

Why Bioluminescence Offers Clear Advantages

Bioluminescent imaging works differently. Light is generated when an enzyme breaks down a specific small molecule, meaning no bright external light is needed. As a result, there is no photobleaching and no phototoxic damage, making the approach safer for delicate brain tissue.




It also produces cleaner images.

"Brain tissue already glows faintly on its own when hit by external light, creating background noise," Shaner said. "On top of that, brain tissue scatters light, blurring both the light going in and the signal coming back out. This makes images dimmer, fuzzier, and harder to see deep inside the brain. The brain does not naturally produce bioluminescence, so when engineered neurons glow on their own, they stand out against a dark background with almost no interference. And with bioluminescence, the brain cells act like their own headlights: You only have to watch the light coming out, which is much easier to see even when scattered through tissue."

Moore noted that scientists have discussed using bioluminescence to study brain activity for decades, but until now, no one had succeeded in making the light bright enough for detailed imaging.

The Insights That Made CaBLAM Possible

"The current paper is exciting for a lot of reasons," Moore said. "These new molecules have provided, for the first time, the ability to see single cells independently activated, almost as if you're using a very special, sensitive movie camera to record brain activity while it's happening."

Using CaBLAM, researchers can observe how a single neuron behaves inside a living animal, including activity within different parts of the cell. In the study, the team reported a continuous five-hour recording session, something that would not be possible with traditional fluorescence-based methods.

"For studying complex behavior or learning, bioluminescence allows one to capture the entire process, with less hardware involved," Moore said.

Beyond Imaging the Brain

The CaBLAM project is part of a larger effort at the hub to invent new ways to observe and control brain activity. One experiment involves a living cell sending out a flash of light that a nearby cell can detect, allowing neurons to communicate using light itself (what Moore calls, "rewiring the brain with light"). The team is also developing techniques that use calcium to regulate cellular activity.

As these projects evolved, the researchers realized they all depended on having brighter and more effective calcium sensors. That need has become a central focus of the hub's work, Moore said.

"We made sure that as a center that's trying to push the field forward, we created the necessary component pieces," Moore said.

A Tool With Broader Potential

Moore believes CaBLAM could eventually be applied beyond neuroscience to study activity in other parts of the body.

"This advance allows a whole new range of options for seeing how the brain and body work," Moore said, "including tracking activity in multiple parts of the body at once."

He added that the achievement highlights the strength of collaborative research. At least 34 scientists contributed to the project, representing Bioluminescence Hub partners such as Brown University, Central Michigan University, U.C. San Diego, the University of California Los Angeles, and New York University. The work was supported by funding from the National Institutes of Health, the National Science Foundation, and the Paul G. Allen Family Foundation.
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From biting flies to feathered dinosaurs, scientists reveal 70 new species | ScienceDaily


						
[image: Scientists Reveal 70 New Species]
 A new species of mouse opossum with an exceptionally long nose and tail, Marmosa chachapoya. Credit: (c) Pedro Peloso

 




						From biting fruit flies and a tiny long-nosed mouse opossum to a feathered dinosaur preserved with evidence of its final meal, scientists at the American Museum of Natural History identified more than 70 species new to science this year. These discoveries cover an astonishing sweep of life on Earth, including dinosaurs, mammals, fishes, reptiles, insects, arachnids, marine invertebrates, and even a mineral never documented before. Together, they reflect the Museum's ongoing role at the forefront of global biodiversity research.


						
New Finds and Old Collections Yield Breakthroughs

Not all of the newly described species were found in recent expeditions. Some were uncovered during modern fieldwork in remote regions, while others came to light after researchers reexamined specimens that had been stored in Museum collections for decades. Advances in technology and fresh scientific perspectives made it possible to recognize species that had long gone unnoticed.

"Together, these discoveries highlight the remarkable richness of Earth's biodiversity and underscore the enduring value of natural history collections," said the Museum's Senior Vice President and Provost of Science Cheryl Hayashi. "Specimens preserved across generations continue to reveal new insights, reminding us how much there is still to learn about life on our planet."

Highlights From the Newly Described Species

Among the newly described species are:
    	A new genus and species of sea anemone, Endolobactis simoesii, that has frond-like projections located on its lobes. The discovery results from an effort to improve scientists' understanding of the diversity of sea anemones of the Atlantic side of Mexico and brings the number of documented species in this region to 24. (Zootaxa)
    	Two species of fruit flies whose mouthparts are modified into a pair of hard "jaws" in the males. An extraordinary feature among flies, these structures are likely used for grasping the female during courtship. Both species are known from single specimens collected from the Philippines in the 1930s but just recently studied. (Proceedings of the Entomological Society of Washington)
    	A Jurassic reptile with python-like hooked teeth and a body similar to a gecko's that has links to the origins of lizards and snakes. The new species, Breugnathair elgolensis, was discovered in Scotland's Isle of Skye by an international team of researchers and is one of the oldest relatively complete fossil lizards yet discovered. (Nature)
    	A new species of mineral, called Lucasite-(La), which was discovered within a volcanic rock in Russia. The mineral was officially approved by the International Mineralogical Association this year, and the type material is now part of the Museum's permanent collection. (European Journal of Mineralogy)
    	A small species of mouse opossum with an exceptionally long nose and tail (Marmosa chachapoya). The mouse opossum was found in Parque Nacional Rio Abiseo in a remote part of the Peruvian Andes formerly occupied by people of the pre-Columbian Chachapoya culture, for which the species is named. Few species of mouse opossums have been collected at such a high elevation. (American Museum Novitates)
    	A squirrel-sized animal that lived in the early Jurassic in what is now China between about 174 and 201 million years ago, Camurocondylus lufengensis. In a study led by researchers at the Museum and at the Chinese Academy of Sciences, C. lufengensis was detailed along with a second species discovered in the 1980s, finding that the evolution of the modern mammal jaw is more complex than previously thought. (Nature)
    	A new genus and species of a crinoid, an ancient group of marine animals still alive today -- sometimes called sea lilies -- that are related to starfish, sea urchins, and sea cucumbers. Discovered on the Natiscotec River on Anticosti Island, Quebec, the new fossil species, Anticosticrinus natiscotecensis, has a unique pattern of plates on the main structure of its body. (Journal of Paleontology)
    	A fish from northwestern Madagascar that was discovered more than 20 years ago when the lead scientist was a graduate student. The new species, a cichlid that was named Paretroplus risengi, is distinguished by unique breeding coloration among other features. (Deep Blue Documents)
    	Forty-seven species of fossil and modern insects, primarily bees, including a "teddy bear" bee species from Vietnam, Habropoda pierwolae (Raffles Bulletin of Zoology); a cuckoo bee with long, sword-like spines on its back, Xiphodioxys haladai (American Museum Novitates); a digger bee from Chile, Anthophora brunneipecten, with a small comb on its face for combing up pollen from its host plants (Entomologist's Monthly Magazine); and a fossil bumble bee species from the crater lake of Enspel, Germany, still carrying pollen, Bombus messegus (New Phytologist)
    	Two new species from the group of earliest feathered dinosaurs that lived about 125 million years ago in what is now China: one that was originally identified as a primitive "bird," Sinosauropteryx lingyuanensis, and was discovered more than 10 years ago; and the other, Huadanosaurus sinensis, which was found with two mammal skeletons in its abdomen, the remains of its last meal. (National Science Review)
    	Two new species of suckermouth catfishes from rapids along the Congo River, Chiloglanis kinsuka and Chiloglanis wagenia. These sister species are both highly adapted to the river and are separated by nearly 1 mile of river (1600 kilometers). (American Museum Novitates)
    	Four species of small "sap" flies (family Aulacigastridae) in 17 million-year old amber from the Dominican Republic, captured when the tree resin was still soft. These flies today feed on the sap of wounded trees. The species reveal a surprising connection between the Caribbean and North America, since most such connections today and in the past are with Central and South America. (Proceedings of the Entomological Society of Washington)
    	A suckermouthed minnow from the highlands of Vietnam that was collected and shelved 25 years ago by Museum ichthyologists and only recently examined. This is the first species of this genus discovered in Vietnam, and it was given the name Supradiscus varidiscus. (American Museum Novitates)
    	Four different arachnids, including a scorpion from Iran -- Hemiscorpius jiroftensis -- whose venom is of interest in the development of pharmaceuticals (Diversity); a giant vinegaroon/whip scorpion from Mexico, Mastigoproctus spinifemoratus, discovered in collections borrowed from the California Academy of Sciences (Arthropoda); a short-tailed whip scorpion from the Venezuelan Amazon, Jipai longevus (Zootaxa); and a troglomorphic, cave-dwelling hooded tick-spider from Venezuela, Cryptocellus armasi (Zootaxa)
    	A cryptic large-eyed fish from the Kouilou-Niari River in the Republic of the Congo that had long been misidentified. The new species, Labeo niariensis, a type of African fish known as Labeo, a type of carp, is based on specimens collected between 2010 and 2013. (Journal of Fish Biology)
    	A pollen wasp (Metaparagia cuttacutta) collected in the Northern Territory, Australia. It represents the tenth described species of this genus and was collected by the lead scientist while he was stranded in Australia for eight months during the COVID-19 pandemic. (Australian Entomologist)
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Scientists found a hidden clock inside dinosaur eggshells | ScienceDaily
A global team of geologists and paleontologists has developed a new technique that makes it possible to accurately determine the age of fossil-bearing rocks by directly analyzing fossilized dinosaur eggshells. This approach offers a reliable alternative to methods that depend on surrounding materials that may not always be present.


						
The research was led by Dr. Ryan Tucker of Stellenbosch University's Department of Earth Sciences and published in the journal Communications Earth & Environment.

Why Fossil Dating Has Been So Difficult

Many fossil sites around the world lack precise age estimates. When scientists do not know exactly when fossils formed, it becomes much harder to understand how ancient species and ecosystems evolved and interacted over time. Traditional dating methods usually rely on minerals like zircon or apatite found near fossils, but these minerals are not consistently available at every site. Efforts to directly date fossil remains such as bones or teeth have often resulted in unreliable or inconsistent ages.

Instead of focusing on surrounding minerals or skeletal remains, Dr. Tucker and his colleagues turned their attention to fossilized dinosaur eggshells. Using advanced uranium-lead (U-Pb) dating combined with detailed elemental mapping, the team measured extremely small amounts of uranium and lead locked inside the calcite structure of the eggshells. These radioactive elements decay at known rates, effectively acting as a built-in clock that reveals when the eggs were buried.

Testing the Method in Utah and Mongolia

The researchers tested their approach on dinosaur eggshells from Utah (USA) and the Gobi Desert (Mongolia). The results showed that the eggshells could be dated with an accuracy of about five percent when compared with ages determined from volcanic ash layers. In Mongolia, the team achieved a major milestone by establishing the first direct age for a famous site containing dinosaur eggs and nests, placing it at roughly 75 million years old.




"Eggshell calcite is remarkably versatile," says Dr. Tucker. "It gives us a new way to date fossil sites where volcanic layers are missing, a challenge that has limited paleontology for decades."

The project brought together scientists from the North Carolina Museum of Natural Sciences, North Carolina State University, Colorado School of Mines, the Mongolian Academy of Sciences' Institute of Paleontology, and Universidade Federal de Ouro Preto (Brazil). Fieldwork in Mongolia was conducted through the Mongolian Alliance for Dinosaur Exploration (MADEx), with support from the National Geographic Society and the National Science Foundation.

A Powerful Tool for Understanding Dinosaur Evolution

By demonstrating that dinosaur eggshells can reliably record geologic time, the study creates a new connection between biology and Earth science and provides researchers with a valuable tool for dating fossil sites worldwide.

"Direct dating of fossils is a paleontologist's dream," says study co-author Lindsay Zanno, associate research professor at North Carolina State University and head of paleontology at the North Carolina Museum of Natural Sciences. "Armed with this new technique, we can unravel mysteries about dinosaur evolution that used to be insurmountable."

The article "U-Pb calcite age dating of fossil eggshell as an accurate deep time geochronometer" was published in Communications Earth & Environment.
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        This popular painkiller may do more harm than good
        Tramadol, a popular opioid often seen as a "safer" painkiller, may not live up to its reputation. A large analysis of clinical trials found that while it does reduce chronic pain, the relief is modest--so small that many patients likely wouldn't notice much real-world benefit. At the same time, tramadol was linked to a significantly higher risk of serious side effects, especially heart-related problems like chest pain and heart failure, along with common issues such as nausea, dizziness, and sleep...

      

      
        Scientists found a way to restore brain blood flow in dementia
        A new study suggests that dementia may be driven in part by faulty blood flow in the brain. Researchers found that losing a key lipid causes blood vessels to become overactive, disrupting circulation and starving brain tissue. When the missing molecule was restored, normal blood flow returned. This discovery opens the door to new treatments aimed at fixing vascular problems in dementia.

      

      
        Scientists reverse Alzheimer's in mice and restore memory
        Alzheimer's has long been considered irreversible, but new research challenges that assumption. Scientists discovered that severe drops in the brain's energy supply help drive the disease--and restoring that balance can reverse damage, even in advanced cases. In mouse models, treatment repaired brain pathology, restored cognitive function, and normalized Alzheimer's biomarkers. The results offer fresh hope that recovery may be possible.

      

      
        Why consciousness can't be reduced to code
        The familiar fight between "mind as software" and "mind as biology" may be a false choice. This work proposes biological computationalism: the idea that brains compute, but not in the abstract, symbol-shuffling way we usually imagine. Instead, computation is inseparable from the brain's physical structure, energy constraints, and continuous dynamics. That reframes consciousness as something that emerges from a special kind of computing matter, not from running the right program.

      

      
        This tiny peptide could help stop brain damage after injury
        A four-amino acid peptide called CAQK has shown powerful brain-protective effects in animal models of traumatic brain injury. Delivered through a standard IV, it zeroes in on injured brain tissue, calming inflammation and reducing cell death while improving recovery. The peptide worked in both mice and pigs, whose brains are closer to humans in structure. Researchers are now preparing to move toward early human clinical trials.

      

      
        These nanoparticles kill cancer cells while sparing healthy ones
        Researchers have created tiny metal-based particles that push cancer cells over the edge while leaving healthy cells mostly unharmed. The particles work by increasing internal stress in cancer cells until they trigger their own shutdown process. In lab tests, they killed cancer cells far more effectively than healthy ones. The technology is still early-stage, but it opens the door to more precise and gentler cancer treatments.

      

      
        This ultra-sensitive imaging system can spot cancer earlier
        A new imaging technology can distinguish cancerous tissue from healthy cells by detecting ultra-weak light signals. It relies on nanoparticles that bind to tumor markers, making cancerous areas easier to identify. The system is far more sensitive than existing tools and could speed up cancer screening. Scientists believe it may help detect tumors earlier and reduce delays in diagnosis.

      

      
        Your roommate's genes may be shaping your gut bacteria
        Scientists studying thousands of rats discovered that gut bacteria are shaped by both personal genetics and the genetics of social partners. Some genes promote certain microbes that can spread between individuals living together. When researchers accounted for this social sharing, genetic influence on the microbiome turned out to be much stronger than previously thought. The study suggests genes can affect others indirectly, without DNA ever being exchanged.

      

      
        Scientists find a weak spot in deadly fungus that shut down hospital intensive care units
        A deadly hospital fungus that resists nearly every antifungal drug may have an unexpected weakness. Researchers discovered that Candida auris activates specific genes during infection to hunt for nutrients it needs to survive. This insight came from a new living-host model that allowed scientists to watch the fungus in action. The findings could eventually lead to new treatments or allow current drugs to be repurposed.

      

      
        A new drug could stop Alzheimer's before memory loss begins
        New research suggests Alzheimer's may start far earlier than previously thought, driven by a hidden toxic protein in the brain. Scientists found that an experimental drug, NU-9, blocks this early damage in mice and reduces inflammation linked to disease progression. The treatment was given before symptoms appeared, targeting the disease at its earliest stage. Researchers say this approach could reshape how Alzheimer's is prevented and treated.

      

      
        This cancer-fighting molecule took 50 years to build
        MIT scientists have achieved the first-ever lab synthesis of verticillin A, a complex fungal compound discovered in 1970. Its delicate structure stalled chemists for decades, despite differing from related molecules by only two atoms. With the synthesis finally complete, researchers created new variants that showed strong activity against a rare pediatric brain cancer. The breakthrough could unlock an entire class of previously unreachable cancer-fighting molecules.

      

      
        MIT scientists strip cancer of its sugar shield
        Scientists at MIT and Stanford have unveiled a promising new way to help the immune system recognize and attack cancer cells more effectively. Their strategy targets a hidden "off switch" that tumors use to stay invisible to immune defenses--special sugar molecules on the cancer cell surface that suppress immune activity. Early tests show it can supercharge immune responses and outperform current antibody therapies.

      

      
        Hidden brain maps that make empathy feel physical
        When we watch someone move, get injured, or express emotion, our brain doesn't just see it--it partially feels it. Researchers found eight body-like maps in the visual cortex that organize what we see in the same way the brain organizes touch. These maps help us instantly understand actions, emotions, and intentions in others. The discovery sheds light on human empathy and opens doors for new brain-based therapies and AI systems that better understand the body.

      

      
        Are they really listening? Watch their blinks
        Your eyes may reveal when your brain is working overtime. Researchers found that people blink less when trying to understand speech in noisy environments, especially during the most important moments. The effect stayed the same in bright or dark rooms, showing it's driven by mental effort, not light. Blinking, it turns out, is a quiet marker of focused listening.

      

      
        Study links full-fat cheese to lower dementia risk
        Eating full-fat cheese and cream may be associated with a lower risk of dementia, according to a large study that tracked people for more than 25 years. Those who consumed higher amounts of these foods developed dementia less often than those who ate little or none. Interestingly, low-fat dairy products did not show the same pattern. Researchers caution that the findings show an association, not cause and effect.

      

      
        A traditional Brazilian plant shows unexpected strength against arthritis
        A Brazilian study has confirmed that Joseph's Coat, a plant used for generations in folk medicine, can significantly reduce inflammation and arthritis symptoms in lab tests. Researchers observed less swelling, healthier joints, and signs of tissue protection. Just as important, the extract showed a promising safety profile at tested doses. The discovery could pave the way for new plant-based anti-inflammatory treatments.

      

      
        Why one long walk may be better than many short ones
        How you walk may matter just as much as how much you walk. A large UK study tracking more than 33,000 low-activity adults found that people who grouped their daily steps into longer, uninterrupted walks had dramatically lower risks of early death and heart disease than those who moved in short, scattered bursts.

      

      
        Parkinson's breakthrough changes what we know about dopamine
        A new study shows dopamine isn't the brain's movement "gas pedal" after all. Instead of setting speed or strength, it quietly enables movement in the background, much like oil in an engine. When scientists manipulated dopamine during movement, nothing changed--but restoring baseline dopamine levels made a big difference. The finding could reshape how Parkinson's disease is treated.

      

      
        Science says we've been nurturing "gifted" kids all wrong
        A major international review has upended long-held ideas about how top performers are made. By analyzing nearly 35,000 elite achievers across science, music, chess, and sports, researchers found that early stars rarely become adult superstars. Most world-class performers developed slowly and explored multiple fields before specializing. The message is clear: talent grows through variety, not narrow focus.

      

      
        A new tool is revealing the invisible networks inside cancer
        Spanish researchers have created a powerful new open-source tool that helps uncover the hidden genetic networks driving cancer. Called RNACOREX, the software can analyze thousands of molecular interactions at once, revealing how genes communicate inside tumors and how those signals relate to patient survival. Tested across 13 different cancer types using international data, the tool matches the predictive power of advanced AI systems--while offering something rare in modern analytics: clear, inter...

      

      
        Is a vegan diet safe for kids? A huge study has answers
        A major new meta-analysis finds that vegetarian and vegan diets can support healthy growth in children when properly planned. Kids on plant-based diets often had better heart health markers, including lower "bad" cholesterol, and consumed more fiber and vitamins. But the study also flagged common nutrient gaps--especially vitamin B12 and calcium--without supplementation. Experts say plant-based eating is achievable for kids, but only with careful planning.

      

      
        Deaths of despair were rising long before opioids
        Long before opioids flooded communities, something else was quietly changing--and it may have helped set the stage for today's crisis. A new study finds that as church attendance dropped among middle-aged, less educated white Americans, deaths from overdoses, suicide, and alcohol-related disease began to rise. The trend started years before OxyContin appeared, suggesting the opioid epidemic intensified a problem already underway.

      

      
        The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's
        Researchers have revealed that so-called "junk DNA" contains powerful switches that help control brain cells linked to Alzheimer's disease. By experimentally testing nearly 1,000 DNA switches in human astrocytes, scientists identified around 150 that truly influence gene activity--many tied to known Alzheimer's risk genes. The findings help explain why many disease-linked genetic changes sit outside genes themselves. The resulting dataset is now being used to train AI systems to predict gene contr...

      

      
        An 11-year-old needed two new organs and doctors made history
        In a rare and historic achievement, Children's Hospital Colorado successfully completed its first dual heart and liver transplant in a pediatric patient. The life-saving surgery was performed on 11-year-old Gracie Greenlaw, whose congenital heart condition eventually led to liver failure. Dozens of specialists worked together for years to prepare for a moment like this, executing a complex, 16-hour operation. Now months later, Gracie is home, in school, and thriving.

      

      
        Neurons aren't supposed to regrow but these ones brought back vision
        After injury, the visual system can recover by growing new neural connections rather than replacing lost cells. Researchers found that surviving eye cells formed extra branches that restored communication with the brain. These new pathways worked much like the originals. The repair process, however, was slower or incomplete in females, pointing to important biological differences in recovery.

      

      
        Helping others for a few hours a week may slow brain aging
        Spending a few hours a week helping others may slow the aging of the brain. Researchers found that both formal volunteering and informal acts, like helping neighbors or relatives, were linked to noticeably slower cognitive decline over time. The benefits added up year after year and didn't require a huge time commitment. Even modest, everyday helping packed a powerful mental payoff.

      

      
        Scientists found a new way to slow aging inside cells
        A small tweak to mitochondrial energy production led to big gains in health and longevity. Mice engineered to boost a protein that helps mitochondria work more efficiently lived longer and showed better metabolism, stronger muscles, and healthier fat tissue. Their cells produced more energy while dialing down oxidative stress and inflammation tied to aging. The results hint that improving cellular power output could help slow the aging process itself.

      

      
        Glowing neurons let scientists watch the brain work in real time
        A new bioluminescent tool allows neurons to glow on their own, letting scientists track brain activity without harmful lasers or fading signals. The advance makes it possible to watch individual brain cells fire for hours, offering a clearer, deeper look at how the brain works.

      

      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

    

  
	
	Articles
	Sections
	Next



This popular painkiller may do more harm than good | ScienceDaily
A large review of existing research suggests that tramadol, a strong opioid commonly prescribed for chronic pain, does not provide much meaningful relief. The analysis, published online in BMJ Evidence Based Medicine, found that while tramadol can reduce pain, the improvement is modest and falls below levels typically considered clinically important.


						
The findings also point to a higher likelihood of serious side effects, including heart disease. Based on these results, the researchers conclude that tramadol's risks likely outweigh its benefits and say its use should be reduced as much as possible.

Why Tramadol Is So Widely Used

Tramadol is a dual action opioid that doctors often prescribe for moderate to severe acute and chronic pain. Because of this, it appears in several clinical guidelines for pain management, according to the researchers.

Prescriptions for tramadol have risen sharply in recent years, making it one of the most frequently used opioids in the United States. This growth may be driven by the belief that tramadol carries fewer side effects and is safer and less addictive than other short acting opioids, the authors note.

Gaps in Previous Research

Although earlier systematic reviews have included tramadol, none offered a broad evaluation of both its effectiveness and safety across different types of chronic pain. The researchers say this left important questions unanswered.




To address this, they searched research databases for randomized clinical trials published up to February 2025. These studies compared tramadol with placebo (dummy treatment) in people with chronic pain, including those with cancer related pain.

What the Trials Included

The final analysis covered 19 clinical trials involving 6506 participants. Five studies examined neuropathic pain, nine focused on osteoarthritis, four looked at chronic low back pain, and one studied fibromyalgia.

Participants had an average age of 58, with ages ranging from 47 to 69. Most studies used tablets, and only one tested a topical cream. Treatment periods lasted from 2 to 16 weeks, with follow up ranging from 3 to 15 weeks.

Small Pain Relief, Higher Risk

When the results were combined, the data showed that tramadol did reduce pain, but only slightly and not enough to meet standards for clinically effective relief.




Eight trials tracked serious side effects during follow up periods of 7 to 16 weeks. Analysis of these studies showed that tramadol was linked to about double the risk of harm compared with placebo. This increase was largely due to more reported "cardiac events," including chest pain, coronary artery disease, and congestive heart failure.

Tramadol use was also associated with a higher risk of certain cancers. However, the researchers caution that the short follow up makes this result "questionable."

Common Side Effects and Study Limits

Across all trials, tramadol was tied to a greater risk of milder side effects such as nausea, dizziness, constipation, and sleepiness.

The authors acknowledge that many outcomes were at high risk of bias. They suggest this likely means the benefits of tramadol are overstated while its harms are understated.

Opioid Risks in a Broader Context

The researchers emphasize the wider impact of opioid use, noting: "Approximately 60 million individuals worldwide experience the addictive effects of opioids. In 2019, drug use was responsible for approximately 600,000 deaths, with nearly 80% of these fatalities associated with opioids and approximately 25% resulting from opioid overdose.

"In the United States, the number of opioid-related overdose deaths increased from 49,860 in 2019 to 81,806 in 2022. Given these trends and the present findings, the use of tramadol and other opioids should be minimized to the greatest extent possible."

The team concludes: "Tramadol may have a slight effect on reducing chronic pain (low certainty of evidence) while likely increasing the risk of both serious (moderate certainty of evidence) and non- serious adverse events (very low certainty of evidence). The potential harms associated with tramadol use for pain management likely outweigh its limited benefits."
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Scientists found a way to restore brain blood flow in dementia | ScienceDaily
A potential new way to treat reduced brain blood flow and certain forms of dementia is beginning to emerge. Scientists at the University of Vermont Robert Larner, M.D. College of Medicine have uncovered new details about how blood circulation in the brain is controlled and how vascular problems might be reversed. Their preclinical research, published December 22 in Proceedings of the National Academy of Sciences, suggests that replacing a missing phospholipid in the bloodstream could help restore normal brain blood flow and ease dementia-related symptoms.


						
"This discovery is a huge step forward in our efforts to prevent dementia and neurovascular diseases," says principal investigator Osama Harraz, Ph.D., assistant professor of pharmacology at Larner College of Medicine. "We are uncovering the complex mechanisms of these devastating conditions, and now we can begin to think about how to translate this biology into therapies."

The Rising Burden of Dementia

Alzheimer's disease and related dementias affect about 50 million people worldwide, and that number continues to grow. The increasing prevalence places heavy pressure on families, caregivers, and health care systems. Ongoing research is working to untangle how proteins, inflammation, neural signaling, and malfunctioning brain cells contribute to these disorders.

Work in the Harraz lab centers on how cerebral blood flow is controlled and how blood vessels communicate through molecular signals. A major focus is Piezo1, a protein found in the membranes of cells that line blood vessels. Piezo1 helps regulate brain blood flow by sensing physical forces created as blood moves through the brain's vascular network. Its name comes from the Greek word for "pressure." Earlier research showed that Piezo1 behaves differently in people who carry certain genetic variations of the Piezo1 gene.

A Key Lipid That Keeps Blood Vessels in Check

The new study, titled "PIP2 Corrects an Endothelial Piezo1 Channelopathy," offers fresh insight into how Piezo1 influences cerebral blood flow. The findings also show that conditions such as Alzheimer's disease are linked to abnormally high Piezo1 activity in brain blood vessels. To better understand why this happens, the research team examined a phospholipid called PIP2, which is found in brain cell membranes.

PIP2 plays an essential role in cell signaling and ion channel regulation -- a complex process that controls when protein pores in cells open and close. The researchers discovered that PIP2 normally acts as a natural suppressor of Piezo1. When PIP2 levels fall, Piezo1 becomes overly active, disrupting normal blood flow in the brain. When the team added PIP2 back into the system, Piezo1 activity decreased and healthy blood circulation was restored. These results suggest that increasing PIP2 levels could form the basis of a new treatment strategy aimed at improving brain blood flow and supporting brain function.

Next Steps Toward Future Treatments

Future studies will focus on understanding exactly how PIP2 interacts with Piezo1. Researchers want to determine whether PIP2 attaches directly to specific parts of the protein or changes the surrounding cell membrane in ways that limit channel opening. Additional work will also explore how disease-related declines in PIP2 remove this regulatory control, allowing Piezo1 to remain overactive and impair cerebral blood flow. Gaining clarity on these mechanisms will be critical for developing therapies based on restoring PIP2 or directly targeting Piezo1 to improve neurovascular health in dementia and related vascular disorders.
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Scientists reverse Alzheimer's in mice and restore memory | ScienceDaily
A study reveals that restoring the brain's energy balance may not just slow Alzheimer's -- but actually reverse it.


						    	For more than a century, Alzheimer's disease has been widely viewed as permanent and untreatable once it begins. As a result, most research has focused on preventing the disease or slowing its progression rather than attempting to reverse it.
    	By studying multiple mouse models of Alzheimer's alongside human Alzheimer's brain tissue, researchers identified a critical biological problem at the center of the disease. They found that the brain's inability to maintain healthy levels of a vital cellular energy molecule called NAD+ plays a major role in driving Alzheimer's.
    	In animal models, maintaining normal brain NAD+ levels prevented Alzheimer's from developing. Even more striking, restoring NAD+ balance after the disease was already advanced allowed the brain to repair damage and fully restore cognitive function.
    	These results suggest that treatments aimed at restoring the brain's energy balance could potentially move Alzheimer's therapy beyond slowing decline and toward meaningful recovery.
    	The findings also open the door to further research, including the exploration of complementary strategies and carefully designed clinical trials to determine whether these results can translate to patients.

A Longstanding View of Alzheimer's Is Being Questioned

For more than 100 years, Alzheimer's disease (AD) has been widely viewed as a condition that cannot be undone. Because of this belief, most scientific efforts have focused on preventing the disease or slowing its progression, rather than attempting to restore lost brain function. Even after decades of research and billions of dollars in investment, no drug trial for Alzheimer's has ever been designed with the goal of reversing the disease and recovering cognitive abilities.

That long-held assumption is now being challenged by researchers from University Hospitals, Case Western Reserve University, and the Louis Stokes Cleveland VA Medical Center. Their work set out to answer a bold question: can brains already damaged by advanced Alzheimer's recover?

New Study Targets Brain Energy Failure

The research was led by Kalyani Chaubey, PhD, of the Pieper Laboratory and published on December 22 in Cell Reports Medicine. By examining both human Alzheimer's brain tissue and multiple preclinical mouse models, the team identified a key biological failure at the center of the disease. They found that the brain's inability to maintain normal levels of a critical cellular energy molecule called NAD+ plays a major role in driving Alzheimer's. Importantly, maintaining proper NAD+ balance was shown to not only prevent the disease but also reverse it in experimental models.

NAD+ levels naturally decline throughout the body, including the brain, as people age. When NAD+ drops too low, cells lose the ability to carry out essential processes needed for normal function and survival. The researchers discovered that this decline is far more severe in the brains of people with Alzheimer's. The same pattern was seen in mouse models of the disease.




How Alzheimer's Was Modeled in the Lab

Although Alzheimer's occurs only in humans, scientists study it using specially engineered mice that carry genetic mutations known to cause the disease in people. In this study, researchers used two such models. One group of mice carried multiple human mutations affecting amyloid processing, while the other carried a human mutation in the tau protein.

Amyloid and tau abnormalities are among the earliest and most significant features of Alzheimer's. In both mouse models, these mutations led to widespread brain damage that closely mirrors the human disease. This included breakdown of the blood-brain barrier, damage to nerve fibers, chronic inflammation, reduced formation of new neurons in the hippocampus, weakened communication between brain cells, and extensive oxidative damage. The mice also developed severe memory and cognitive problems similar to those seen in people with Alzheimer's.

Testing Whether Alzheimer's Damage Could Be Reversed

After confirming that NAD+ levels dropped sharply in both human and mouse Alzheimer's brains, the team explored two possibilities. They tested whether maintaining NAD+ balance before symptoms appeared could prevent Alzheimer's, and whether restoring that balance after the disease had already progressed could reverse it.

This approach built on the group's earlier work published in Proceeding of the National Academy of Sciences USA, which showed that restoring NAD+ balance led to both structural and functional recovery after severe, long-lasting traumatic brain injury. In the current study, the researchers used a well-characterized pharmacologic compound called P7C3-A20, developed in the Pieper laboratory, to restore NAD+ balance.




Full Cognitive Recovery Observed in Advanced Disease

The results were striking. Preserving NAD+ balance protected mice from developing Alzheimer's, but even more surprising was what happened when treatment began after the disease was already advanced. In those cases, restoring NAD+ balance allowed the brain to repair the major pathological damage caused by the genetic mutations.

Both mouse models showed complete recovery of cognitive function. This recovery was also reflected in blood tests, which showed normalized levels of phosphorylated tau 217, a recently approved clinical biomarker used to diagnose Alzheimer's in people. These findings provided strong evidence of disease reversal and highlighted a potential biomarker for future human trials.

Researchers Express Cautious Optimism

"We were very excited and encouraged by our results," said Andrew A. Pieper, MD, PhD, senior author of the study and Director of the Brain Health Medicines Center, Harrington Discovery Institute at UH. "Restoring the brain's energy balance achieved pathological and functional recovery in both lines of mice with advanced Alzheimer's. Seeing this effect in two very different animal models, each driven by different genetic causes, strengthens the idea that restoring the brain's NAD+ balance might help patients recover from Alzheimer's."

Dr. Pieper also holds the Morley-Mather Chair in Neuropsychiatry at UH and the CWRU Rebecca E. Barchas, MD, DLFAPA, University Professorship in Translational Psychiatry. He serves as Psychiatrist and Investigator in the Louis Stokes VA Geriatric Research Education and Clinical Center (GRECC).

A Shift in How Alzheimer's Is Viewed

The findings suggest a fundamental change in how Alzheimer's could be approached in the future. "The key takeaway is a message of hope -- the effects of Alzheimer's disease may not be inevitably permanent," said Dr. Pieper. "The damaged brain can, under some conditions, repair itself and regain function."

Dr. Chaubey added, "Through our study, we demonstrated one drug-based way to accomplish this in animal models, and also identified candidate proteins in the human AD brain that may relate to the ability to reverse AD."

Why This Approach Differs From Supplements

Dr. Pieper cautioned against confusing this strategy with over the counter NAD+-precursors. He noted that such supplements have been shown in animal studies to raise NAD+ to dangerously high levels that promote cancer The method used in this research relies instead on P7C3-A20, a pharmacologic agent that helps cells maintain healthy NAD+ balance during extreme stress, without pushing levels beyond their normal range.

"This is important when considering patient care, and clinicians should consider the possibility that therapeutic strategies aimed at restoring brain energy balance might offer a path to disease recovery," said Dr. Pieper.

Next Steps Toward Human Trials

The research also opens the door to additional studies and eventual testing in people. The technology is currently being commercialized by Glengary Brain Health, a Cleveland-based company co-founded by Dr. Pieper.

"This new therapeutic approach to recovery needs to be moved into carefully designed human clinical trials to determine whether the efficacy seen in animal models translates to human patients," Dr. Pieper explained. "Additional next steps for the laboratory research include pinpointing which aspects of brain energy balance are most important for recovery, identifying and evaluating complementary approaches to Alzheimer's reversal, and investigating whether this recovery approach is also effective in other forms of chronic, age-related neurodegenerative disease."
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Why consciousness can't be reduced to code | ScienceDaily
Today's arguments about consciousness often get stuck between two firm camps. One is computational functionalism, which says thinking can be fully described as abstract information processing. If a system has the right functional organization (regardless of the material it runs on), it should produce consciousness. The other is biological naturalism, which argues the opposite. It says consciousness cannot be separated from the special features of living brains and bodies because biology is not just a container for cognition, it is part of cognition itself. Both views capture real insights, but the deadlock suggests an important piece is still missing.


						
In our new paper, we propose a different approach: biological computationalism. The label is meant to be provocative, but also to sharpen the conversation. Our main argument is that the standard computational framework is broken, or at least poorly suited to how brains actually work. For a long time, it has been tempting to picture the mind as software running on neural hardware, with the brain "computing" in roughly the way a conventional computer does. But real brains are not von Neumann machines, and forcing that comparison leads to shaky metaphors and fragile explanations. If we want a serious account of how brains compute, and what it would take to build minds in other substrates, we first need a broader definition of what "computation" can be.

Biological computation, as we describe it, has three core features.

Hybrid Brain Computation in Real Time

First, biological computation is hybrid. It mixes discrete events with continuous dynamics. Neurons fire spikes, synapses release neurotransmitters, and networks shift through event-like states. At the same time, these events unfold within constantly changing physical conditions such as voltage fields, chemical gradients, ionic diffusion, and time-varying conductances. The brain is not purely digital, and it is not simply an analog machine either. Instead, it works as a multi-layered system where continuous processes influence discrete events, and discrete events reshape the continuous background, over and over, in an ongoing feedback loop.

Why Brain Computation Cannot Be Separated by Scale

Second, biological computation is scale-inseparable. In conventional computing, it is often possible to cleanly separate software from hardware, or a "functional level" from an "implementation level." In the brain, that kind of separation breaks down. There is no neat dividing line where you can point to the algorithm on one side and the physical mechanism on the other. Cause and effect run across many scales at once, from ion channels to dendrites to circuits to whole-brain dynamics, and these levels do not behave like independent modules stacked in layers. In biological systems, changing the "implementation" changes the "computation," because the two are tightly intertwined.




Metabolism and Energy Constraints Shape Intelligence

Third, biological computation is metabolically grounded. The brain operates under strict energy limits, and those limits shape its structure and function everywhere. This is not just an engineering detail. Energy constraints influence what the brain can represent, how it learns, which patterns remain stable, and how information is coordinated and routed. From this perspective, the tight coupling across levels is not accidental complexity. It is an energy optimization strategy that supports robust, flexible intelligence under severe metabolic limits.

The Algorithm Is the Substrate

Taken together, these three features point to a conclusion that can feel strange if you are used to classical computing ideas. Computation in the brain is not abstract symbol manipulation. It is not simply about moving representations around according to formal rules while the physical medium is treated as "mere implementation." In biological computation, the algorithm is the substrate. The physical organization does not just enable the computation, it is what the computation consists of. Brains do not merely run a program. They are a specific kind of physical process that computes by unfolding through time.

What This Means for AI and Synthetic Minds

This view also exposes a limitation in how people often describe modern AI. Even powerful systems mostly simulate functions. They learn mappings from inputs to outputs, sometimes with impressive generalization, but the computation is still a digital procedure running on hardware built for a very different style of computing. Brains, by contrast, carry out computation in physical time. Continuous fields, ion flows, dendritic integration, local oscillatory coupling, and emergent electromagnetic interactions are not just biological "details" that can be ignored while extracting an abstract algorithm. In our view, these are the computational primitives of the system. They are the mechanisms that enable real-time integration, resilience, and adaptive control.




Not Biology Only, But Biology Like Computation

This does not mean we think consciousness is somehow restricted to carbon-based life. We are not arguing "biology or nothing." Our claim is narrower and more practical. If consciousness (or mind-like cognition) depends on this kind of computation, then it may require biological-style computational organization, even if it is built in new substrates. The key issue is not whether the substrate is literally biological, but whether the system instantiates the right kind of hybrid, scale-inseparable, metabolically (or more generally energetically) grounded computation.

A Different Target for Building Conscious Machines

That reframes the goal for anyone trying to build synthetic minds. If brain computation cannot be separated from how it is physically realized, then scaling digital AI alone may not be enough. This is not because digital systems cannot become more capable, but because capability is only part of the puzzle. The deeper risk is that we may be optimizing the wrong thing by improving algorithms while leaving the underlying computational ontology unchanged. Biological computationalism suggests that building truly mind-like systems may require new kinds of physical machines whose computation is not organized as software on hardware, but spread across levels, dynamically linked, and shaped by the constraints of real-time physics and energy.

So if we want something like synthetic consciousness, the central question may not be, "What algorithm should we run?" It may be, "What kind of physical system must exist for that algorithm to be inseparable from its own dynamics?" What features are required, including hybrid event-field interactions, multi-scale coupling without clean interfaces, and energetic constraints that shape inference and learning, so that computation is not an abstract description layered on top but an intrinsic property of the system itself?

That is the shift biological computationalism calls for. It moves the challenge from finding the right program to finding the right kind of computing matter.
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This tiny peptide could help stop brain damage after injury | ScienceDaily
A global research team led by the company Aivocode, working with scientists from the Institute for Advanced Chemistry of Catalonia (IQAC) of the Spanish National Research Council (CSIC), reports that a small compound has a strong protective effect in mouse models of traumatic brain injury. The compound is a peptide made from four amino acids called CAQK.


						
In animal tests (mice and pigs), researchers gave CAQK through an IV soon after injury. The peptide was drawn to damaged parts of the brain because it is attracted to a protein that becomes unusually abundant in injured tissue after trauma. CAQK built up where this protein was concentrated and helped reduce inflammation, cell death, and harm to brain tissue. In mice, the treatment also improved functional recovery and showed no obvious toxicity.

Study details and plans for human trials

The findings were published in EMBO Molecular Medicine and point to new ways to treat injured brain regions. The work was led by Aivocode (a spin-off of the Sanford Burnham Prebys Institute) in San Diego, California, in partnership with IQAC-CSIC and the University of California, Davis.

Aivocode was founded by researchers Aman P. Mann, Sazid Hussain, and Erkki Ruoslahti (authors of the study). The company says it plans to seek permission from the U.S. Food and Drug Administration (FDA) to begin Phase I clinical trials in humans. No timeline has been announced, but CAQK's small size matters because it is a short peptide that is easier to manufacture and can penetrate tissue well, making it a promising drug candidate.

Traumatic brain injury and the lack of approved drugs

Traumatic brain injury (TBI) usually happens after a blow to the head, including injuries from traffic crashes, workplace accidents, or falls. It is estimated to affect around 200 people per 100,000 inhabitants each year. Today's care focuses on keeping patients stable by lowering intracranial pressure and preserving blood flow, yet there are no approved medicines that stop the brain damage itself or the secondary cascade that follows, including inflammation and cell death. Some experimental approaches also require direct injections into the brain, which is invasive and can lead to complications.




"The current interventions for treating acute brain injury aim to stabilize the patient by reducing intracranial pressure and maintaining blood flow, but there are no approved drugs to stop the damage and secondary effects of these injuries," explains Dr. Pablo Scodeller, researcher at IQAC-CSIC and co-author of the study.

A non-invasive approach and a key link to earlier research

Developing a non-invasive treatment for an injured brain remains one of neurology's biggest challenges. This study builds on earlier research from 2016 that was published in Nature Communications.

In that earlier work, researcher Aman P. Mann and Pablo Scodeller, working in Dr. Ruoslahti's lab at Sanford Burnham Prebys (senior author of both studies), identified a peptide that could home in on injured areas of the mouse brain. The peptide, CAQK, was found using peptide-phage display, a large-scale screening method that helps researchers select molecules that bind to specific tissues. At the time, CAQK served mainly as a "vehicle" to carry drugs directly to the injured region. The new study shows something more, that CAQK itself can have therapeutic effects.

How CAQK targets damaged tissue in mice and pigs

To test whether CAQK could work as a treatment, the team administered it intravenously soon after a moderate or severe traumatic brain injury. They then saw the peptide accumulate in injured brain tissue in both mice and pigs (the latter having brains more similar to humans than mice). The researchers also found that CAQK binds to glycoproteins (proteins attached to sugars), which increase after injury and are part of the extracellular matrix -- a supportive structure that surrounds brain cells.

When mice with traumatic brain injury received CAQK, their lesion sizes were smaller than those in control mice. "We observed less cell death and lower expression of inflammatory markers in the injured area, indicating that CAQK alleviated neuroinflammation and its secondary effects. Behavioral and memory tests conducted after treatment also showed improvement in functional deficits, with no evident toxicity," explains the study's first author, Dr. Mann.

The results suggest that CAQK can support repair in damaged brain tissue and may have therapeutic value after trauma. "What's exciting is that, in addition to proving highly effective, it's a very simple compound -- a short peptide that is easy to synthesize safely at large scale. Peptides with these characteristics show good tissue penetration and are non-immunogenic," concludes Scodeller.
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These nanoparticles kill cancer cells while sparing healthy ones | ScienceDaily
Researchers led by RMIT University have developed extremely small particles called nanodots that can destroy cancer cells while largely leaving healthy cells unharmed. The particles are made from a metal-based compound and represent a possible new direction for cancer treatment research.


						
The work is still in its early stages and has only been tested in laboratory-grown cells. It has not yet been studied in animals or humans. Even so, the findings suggest a promising strategy that takes advantage of vulnerabilities already present in cancer cells.

A Metal Compound With Unusual Properties

The nanodots are created from molybdenum oxide, a compound derived from molybdenum. This rare metal is commonly used in electronics and industrial alloys.

According to the study's lead researcher Professor Jian Zhen Ou and Dr. Baoyue Zhang from RMIT's School of Engineering, small changes to the chemical structure of the particles caused them to release reactive oxygen molecules. These unstable oxygen forms can damage vital cell components and ultimately trigger cell death.

Lab Tests Show Strong Cancer Selectivity

In laboratory experiments, the nanodots killed cervical cancer cells at three times the rate seen in healthy cells over a 24-hour period. Notably, the particles worked without requiring light activation, which is uncommon for similar technologies.




"Cancer cells already live under higher stress than healthy ones," Zhang said.

"Our particles push that stress a little further -- enough to trigger self-destruction in cancer cells, while healthy cells cope just fine."

International Collaboration Behind the Research

The research involved scientists from multiple institutions. Contributors included Dr. Shwathy Ramesan from The Florey Institute of Neuroscience and Mental Health in Melbourne, as well as researchers from Southeast University, Hong Kong Baptist University, and Xidian University in China. The work was supported by the ARC Centre of Excellence in Optical Microcombs (COMBS).

"The result was particles that generate oxidative stress selectively in cancer cells under lab conditions," she said.

How the Nanodots Trigger Cell Death

To create the effect, the team carefully adjusted the composition of the metal oxide by adding very small amounts of hydrogen and ammonium.




This precise tuning altered how the particles managed electrons, allowing them to produce higher levels of reactive oxygen molecules. These molecules push cancer cells into apoptosis -- the body's natural process for safely removing damaged or malfunctioning cells.

In a separate experiment, the same nanodots broke down a blue dye by 90 percent in just 20 minutes, demonstrating how powerful their chemical reactions can be even in complete darkness.

A Path Toward Gentler Cancer Treatments

Many existing cancer therapies damage healthy tissue along with tumors. Technologies that can selectively increase stress inside cancer cells may lead to treatments that are more targeted and less harmful.

Because the nanodots are made from a widely used metal oxide rather than costly or toxic noble metals such as gold or silver, they may also be more affordable and safer to manufacture.

Next Steps Toward Real-World Use

The COMBS research team at RMIT is continuing to advance the technology. Planned next steps include:
    	Targeting delivery systems so the particles activate only inside tumors.
    	Controlling release of reactive oxygen species to avoid damage to healthy tissue.
    	Seeking partnerships with biotech or pharmaceutical companies to test the particles in animal models and develop scalable manufacturing methods.

Organizations interested in collaborating with RMIT researchers can contact: [email protected]
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This ultra-sensitive imaging system can spot cancer earlier | ScienceDaily
Scientists have developed a compact Raman imaging system that can reliably tell cancerous tissue apart from normal tissue. The approach could support earlier cancer detection and help move advanced molecular imaging tools beyond research laboratories and into more practical clinical settings.


						
The imaging system is designed to detect extremely weak signals from surface-enhanced Raman scattering (SERS) nanoparticles that are engineered to attach to tumor markers. Once these nanoparticles are applied to a sample or to the area being examined, the system reads their Raman signal and automatically highlights regions that are more likely to contain tumor tissue.

"Traditional methods for cancer-related diagnosis are time-consuming and labor-intensive because they require staining tissue samples and having a pathologist look for any abnormalities," said research team leader Zhen Qiu from the Institute for Quantitative Health Science and Engineering (IQ), Michigan State University. "While our system would not immediately replace pathology, it could serve as a rapid screening tool to accelerate diagnosis."

Published results show major gains in sensitivity

In Optica, Optica Publishing Group's journal for high-impact research, Qiu and colleagues report that their system can distinguish cancerous cells from healthy ones while detecting Raman signals that are about four times weaker than those measured by a comparable commercial system. This improved sensitivity comes from combining a swept-source laser -- which changes wavelength during analysis -- with an ultra-sensitive detector called a superconducting nanowire single-photon detector (SNSPD).

"This technology could eventually enable portable or intraoperative devices that enable clinicians to detect cancers at earlier stages, improve the accuracy of biopsy sampling and monitor disease progression through less invasive testing," said Qiu. "Ultimately, such advances could enhance patient outcomes and reduce diagnostic delays, accelerating the path from detection to treatment."

Pushing detection limits with superconducting detectors

Qiu's lab studies how SNSPDs can be used to enhance a range of imaging technologies. SNSPDs rely on a superconducting wire that can detect individual particles of light, allowing the system to capture extremely weak optical signals at high speed while keeping background noise very low.




For this project, the researchers aimed to build a platform that could measure Raman signals far fainter than those detected by existing Raman systems. Raman imaging works by mapping a sample's chemical composition through the unique light-scattering fingerprints of its molecules. These signals can be strengthened by using SERS nanoparticles.

"Combining this advanced detector with a swept-source Raman architecture that replaces a bulky camera and collects light more efficiently resulted in a system with a detection limit well beyond that of comparable commercial systems," said Qiu. "Also, the fiber coupling configuration and compact design facilitate system miniaturization and future clinical translation."

Strong tumor contrast across multiple sample types

To test the system, the team used SERS nanoparticles coated with hyaluronan acid, which enables the particles to bind to CD44, a surface protein found on many tumor cells. Initial experiments with simple nanoparticle solutions showed that the system could reach femtomolar sensitivity. The researchers then applied the imaging platform to cultured breast cancer cells, mouse tumors, and healthy tissue samples.

"The SERS signals were strongly concentrated in tumor samples, with only minimal background detected in healthy tissue," said Qiu. "This demonstrates both the system's exceptional sensitivity and its ability to provide reliable tumor-versus-healthy contrast. Moreover, by adjusting or substituting the targeting molecule, this method could be adapted for other cancer types."

Next steps toward clinical use

According to the researchers, additional work is needed before the system can be used in clinical settings. Future improvements will focus on increasing readout speed and expanding validation studies. The team is exploring faster laser sources, including VCSELs, and testing whether narrowing the sweep range can further improve performance. They also plan multiplexing experiments that use different nanoparticles to target multiple biomarkers at the same time.

The researchers acknowledge industry collaborator Quantum Opus, which provided the SNSPD devices used in this work.
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Your roommate's genes may be shaping your gut bacteria | ScienceDaily
The genes of your roommate may be shaping the bacteria in your gut, and your genes may be influencing theirs, according to a rat study published on December 18 in Nature Communications.


						
By examining more than four thousand rats, researchers found that the makeup of the gut microbiome is affected not only by an individual's own genetic makeup but also by the genes of the animals they share their living space with.

The findings point to a new way genetics and social interactions are connected. Certain commensal gut microbes can move between individuals through close contact. While genes themselves stay put, microbes do not. The study showed that some genes promote the growth of specific gut bacteria, and those bacteria can spread socially.

"This is not magic, but rather the result of genetic influences spilling over to others through social contact. Genes shape the gut microbiome and we found that it is not just our own genes that matter," says Dr. Amelie Baud, a researcher at the Centre for Genomic Regulation in Barcelona and senior author of the study.

Three new gene microbe links identified in rats

The gut microbiome consists of trillions of microorganisms living in the digestive tract, where they play important roles in digestion and overall health. Diet and medications are known to strongly influence these microbial communities, but understanding how genetics contributes has been far more challenging.

In humans, researchers have reliably linked only two genes to gut bacteria. The lactase gene determines whether adults can digest milk and affects milk digesting microbes. The ABO blood group gene also influences gut bacteria, though the exact mechanisms remain unclear.




Scientists believe additional gene microbe links likely exist, but proving them is difficult because genetic and environmental factors overlap in everyday life. Genes can shape diet and lifestyle choices, which then influence the gut microbiome. At the same time, families and friends often share food, living spaces, and microbes, making it hard to separate nature from nurture.

To overcome these challenges, researchers at the Centre for Genomic Regulation and the University of California San Diego turned to rats. Rats share many key aspects of mammalian biology and can be raised under tightly controlled conditions, including identical diets.

Each rat in the study was genetically unique and belonged to one of four separate cohorts. These cohorts were housed at different facilities across the United States and followed different care routines, allowing researchers to test whether genetic effects remained consistent across environments.

By combining genetic data with microbiome profiles from all 4,000 rats, the team identified three genetic regions that consistently influenced gut bacteria across all four cohorts.

The strongest association involved the gene St6galnac1, which adds sugar molecules to the mucus lining of the gut. This gene was linked to higher levels of Paraprevotella, a bacterium believed to feed on these sugars. This connection appeared in every cohort.

A second genetic region included several mucin genes that help form the gut's protective mucus layer and was associated with bacteria from the Firmicutes group. A third region contained the Pip gene, which produces an antibacterial molecule, and was linked to bacteria from the Muribaculaceae family. These bacteria are common in rodents and are also found in humans.




Genes can have social effects

The large size of the study allowed researchers, for the first time, to estimate how much of a rat's microbiome was shaped by its own genes versus the genes of the rats it lived with.

A familiar example of this concept, known as indirect genetic effects, occurs when a mother's genes influence her offspring's growth or immune system through the environment she provides.

In this study, controlled living conditions made it possible to examine indirect genetic effects in a new context. The researchers developed a computational model to separate the influence of a rat's own genes on its gut microbes from the influence of its social partners.

They found that the abundance of some Muribaculaceae bacteria was shaped by both direct and indirect genetic influences. This indicates that certain genetic effects can spread socially through the exchange of microbes.

When these social effects were added to a statistical model, the overall genetic influence on the three newly identified gene microbe links increased by four to eight times. The researchers caution that this may still underestimate the true extent of genetic influence.

"We've probably only uncovered the tip of the iceberg," says Dr. Baud. "These are the bacteria where the signal is strongest, but many more microbes could be affected once we have better microbiome profiling methods."

The findings describe a mechanism in which genetic effects from one individual can spread through social groups by way of gut microbes, changing the biology of others without altering their DNA.

If similar processes occur in humans, and given growing evidence that the gut microbiome plays an important role in health, genetic influences on human health may be underestimated in large population studies. Genes may shape not only an individual's disease risk, but also the disease risk of people around them.

What the findings could mean for human health

According to Dr. Baud, the microbiome has been linked to immune function, metabolism, and behavior. However, many reported associations do not necessarily reflect cause and effect, and the biological mechanisms are often unclear. Genetic studies using animal models in controlled environments can help move beyond correlations to testable explanations of how genes and gut microbes interact in health.

The researchers note that the rat gene St6galnac1 is functionally related to the human gene ST6GAL1, which has also been linked to Paraprevotella in previous studies. This suggests that the way animals coat their gut mucus with sugars may help determine which microbes thrive in the digestive system, potentially representing a shared mechanism across species.

The team also explored how this mechanism might influence infectious diseases such as COVID-19.

Other studies have linked ST6GAL1 to breakthrough SARS-CoV-2 infections, in which vaccinated individuals still become infected. Paraprevotella has also been shown to trigger the breakdown of digestive enzymes that the virus uses to enter host cells. Based on this, the researchers hypothesize that genetic variation in ST6GAL1 could affect Paraprevotella levels and, in turn, susceptibility to viral infection.

They also suggest a possible link to IgA nephropathy, an autoimmune kidney disease. Paraprevotella may alter IgA, an antibody that normally protects the gut. When altered, IgA can leak into the bloodstream and form clumps that damage the kidneys, which is a defining feature of IgA nephropathy.

Next, the researchers plan to closely examine how St6galnac1 affects Paraprevotella in rats and what chain reactions this relationship triggers in the gut and throughout the body.

"I am obsessed with this bacterium now. Our results are supported by data from four independent facilities, which means we can do follow up studies in any new setting. They're also remarkably strong compared with most host-microbiome links. It's a unique opportunity," Dr. Baud concludes.
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Scientists find a weak spot in deadly fungus that shut down hospital intensive care units | ScienceDaily
Scientists have identified a genetic mechanism that could point to new ways of treating a rare but deadly fungal infection that has forced multiple hospital intensive care units to shut down. The finding offers early hope against a pathogen that has been difficult to control and nearly impossible to treat once it spreads.


						
Candida auris is especially dangerous for people who are already critically ill, leaving hospitals highly exposed to outbreaks. Although the fungus can exist on the skin without causing symptoms, patients who depend on ventilators face a much greater risk. Once infection occurs, about 45 percent of patients die, and the fungus is resistant to all major types of antifungal drugs. This resistance makes treatment extremely challenging and allows the pathogen to persist in hospital wards.

A global health threat with mysterious origins

The infection was first detected in 2008, and its origin is still unknown. Since then, outbreaks have been reported in more than 40 countries, including the UK. Candida auris, also called Candidozyma auris, is now recognized as a serious global health threat and appears on the World Health Organization's critical priority fungal pathogens list. In the UK, reported cases have continued to rise steadily.

Studying infection in a living model

Researchers at the University of Exeter have now taken a major step forward by examining how genes are activated during Candida auris infection. This marks the first time such genetic activity has been studied in a living host using an approach based on fish larvae. The study was published in the Nature portfolio journal Communications Biology and was supported by Wellcome, the Medical Research Council (MRC), and the National Center for Replacement, Reduction and Refinement (NC3Rs).

The researchers say the results could help identify a biological target for new antifungal treatments or even allow existing drugs to be reused, if the same genetic behavior is confirmed during infection in humans.




The project was co-led by NIHR Clinical Lecturer Hugh Gifford of the University of Exeter's MRC Center for Medical Mycology (CMM). He said: "Since it emerged, Candida auris has wreaked havoc where it takes hold in hospital intensive care units. It can be deadly for vulnerable patients, and health trusts have spent millions on the difficult job of eradication. We think our research may have revealed an Achilles heel in this lethal pathogen during active infection, and we urgently need more research to explore whether we can find drugs that target and exploit this weakness."

Why traditional research models fell short

One of the biggest obstacles in studying Candida auris has been its ability to survive high temperatures. When combined with its unusually strong tolerance for salt, this has led some researchers to suggest it may have originated in tropical oceans or marine animals. These traits also made it difficult to study using conventional laboratory models.

To overcome this, the Exeter team developed a new infection model using Arabian killifish. The eggs of this species can survive at temperatures similar to the human body, making them suitable for observing infection in conditions that closely resemble real illness.

Genetic activity reveals possible vulnerabilities

During the experiments, researchers observed that Candida auris can change its shape by forming elongated fungal structures known as filaments. These structures may help the fungus search for nutrients while infecting a host.




The team also analyzed which genes were activated or switched off during infection to identify possible weak points. Several of the genes that became active are responsible for producing nutrient pumps that capture iron-scavenging molecules and transport iron into fungal cells. Because iron is essential for survival, this process may represent a critical vulnerability.

Co-senior author Dr. Rhys Farrer of the University of Exeter's MRC Centre for Medical Mycology said: "Until now, we've had no idea what genes are active during infection of a living host. We now need to find out if this also occurs during human infection. The fact that we found genes are activated to scavenge iron gives clues to where Candida auris may originate, such as an iron-poor environment in the sea. It also gives us a potential target for new and already existing drugs."

Hope for future treatments

Dr. Gifford, who also works as a resident physician in intensive care and respiratory medicine at the Royal Devon & Exeter Hospital, emphasized the clinical importance of the findings. He said: "While there are a number of research steps to go through yet, our finding could be an exciting prospect for future treatment. We have drugs that target iron scavenging activities. We now need to explore whether they could be repurposed to stop Candida auris from killing humans and closing down hospital intensive care units."

The Arabian killifish larvae model was developed with support from an NC3Rs project grant as an alternative to using mouse and zebrafish models, which are commonly used to study interactions between pathogens and their hosts. Dr. Katie Bates, NC3Rs Head of Research Funding, said: "This new publication demonstrates the utility of the replacement model to study Candida auris infection and enable unprecedented insights into cellular and molecular events in live infected hosts. This is a brilliant example of how innovative alternative approaches can overcome key limitations of traditional animal studies."

The paper is titled 'Xenosiderophore transporter gene expression and clade-specific filamentation in Candida auris killifish (Aphanius dispar) infection' and is published in the Nature portfolio journal Communications Biology.
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A new drug could stop Alzheimer's before memory loss begins | ScienceDaily
An experimental drug developed at Northwestern University has demonstrated further promise as an early intervention for Alzheimer's disease.


						
In a new study, Northwestern scientists identified a previously unknown highly toxic sub-species of amyloid beta oligomers -- toxic clusters of peptides -- that appear to drive several of the brain's earliest changes, including neuronal dysfunction, inflammation and activation of immune cells.

The experimental drug, a small-molecule compound called NU-9, decreased this toxic amyloid beta oligomersubtype and dramatically reduced the damage it causes in a mouse model of Alzheimer's disease. By addressing these changes at the onset of Alzheimer's disease, the researchers are hopeful NU-9 potentially could prevent, or significantly delay, the cascade of toxic events that ultimately destroy neurons.

The findings point to a potential new strategy for targeting the disease in its earliest stages -- before cognitive decline and other debilitating symptoms take hold.

The study will be published on Dec. 18 in Alzheimer's and Dementia: The Journal of the Alzheimer's Association.

"Alzheimer's disease begins decades before its symptoms appear, with early events like toxic amyloid beta oligomers accumulating inside neurons and glial cells becoming reactive long before memory loss is apparent," said Northwestern's Daniel Kranz, the study's first author. "By the time symptoms emerge, the underlying pathology is already advanced. This is likely a major reason many clinical trials have failed. They start far too late. In our study, we administered NU-9 before symptom onset, modeling this early, pre-symptomatic window."

Kranz is a recent Ph.D. graduate from the Interdisciplinary Biological Sciences (IBiS) program at Northwestern's Weinberg College of Arts and Sciences, where he is advised by corresponding author William Klein. An expert on Alzheimer's disease, Klein is a professor of neurobiology at Weinberg and a cofounder of Acumen Pharmaceuticals, which has developed a therapeutic monoclonal antibody currently in clinical trials that targets the subtype of amyloid beta oligomers identified in the study. Richard Silverman, a key co-author of the study, invented NU-9. Silverman, who previously invented pregabalin (Lyrica) to treat fibromyalgia, nerve pain and epilepsy, is the Patrick G. Ryan/Aon Professor in Weinberg's Department of Chemistry and founder of Akava Therapeutics, a startup company commercializing NU-9 (now called AKV9).




The promise of NU-9

Conceived about 15 years ago, NU-9 emerged as part of Silverman's multi-year effort to discover a small molecule compound that could prevent toxic protein aggregate buildup in neurodegenerative diseases. By 2021, NU-9 demonstrated efficacy in animal models of amyotrophic lateral sclerosis (ALS), clearing toxic SOD1 and TDP-43 proteins and restoring health to upper motor neurons. In 2024, it received clearance from the U.S. Food and Drug Administration to begin human clinical trials for ALS.

Earlier this year, Silverman, Klein and Kranz demonstrated that NU-9 also could effectively treat Alzheimer's disease. In the previous study, NU-9 showed it could clear toxic amyloid beta oligomers in lab-grown brain cells from the hippocampus, a region critical for learning and memory.

"In both ALS and Alzheimer's disease, cells suffer from toxic protein buildup," Klein said. "Cells have a mechanism to get rid of these proteins, but it gets damaged in degenerative diseases like ALS and Alzheimer's. NU-9 is rescuing the pathway that saves the cell."

Early intervention

To further investigate the drug's potential in treating Alzheimer's disease, the team wanted to evaluate its effectiveness at halting the earliest damage. In the new study, the researchers administered NU-9 to a pre-symptomatic mouse model of Alzheimer's disease. The mice received a daily oral dose for 60 days.




The results were striking. NU-9 significantly reduced early reactive astrogliosis, an inflammatory reaction that typically begins long before symptoms appear. The number of toxic amyloid beta oligomers bound to astrocytes (star-shaped brain cells that protect neurons and control inflammation) also plummeted. And an abnormal form of the protein TDP-43 -- a hallmark of neurodegenerative diseases that is linked to cognitive impairments -- sharply decreased.

"These results are stunning," Klein said. "NU-9 had an outstanding effect on reactive astrogliosis, which is the essence of neuroinflammation and linked to the early stage of the disease."

The improvements spanned multiple regions of the brain, indicating that NU-9 has a brain-wide anti-inflammatory effect.

A hidden culprit

While investigating the effects of NU-9 on the pre-symptomatic mouse model, the research team found an unexpected culprit. For decades, scientists have considered amyloid beta oligomers as more toxic than the larger amyloid beta fibrils that form plaques, which appear later in Alzheimer's disease. But not all amyloid beta oligomers are the same. The Northwestern scientists discovered one uniquely problematic subtype.

"We identified a distinct amyloid beta oligomer subtype that appears inside neurons and on nearby reactive astrocytes very early in the disease," Kranz said. "It potentially acts as an instigator of early Alzheimer's pathology."

Called ACU193+ because it is detected by the antibody ACU193, the subtype shows up early inside of stressed neurons, the scientists found. Then, these oligomers appear to migrate to the surfaces of nearby astrocytes. When ACU193+ oligomers latch onto astrocytes, they may spark a cascade of inflammation that spreads throughout the brain, long before memory loss begins.

A potential prophylaxis

NU-9 targeted and dramatically reduced this subtype, suggesting the drug may be especially valuable at Alzheimer's earliest stages, when intervention is most effective. By reducing this subtype, NU-9 potentially could prevent the activation of astrocytes.

Although they serve as the brain's frontline responders, astrocytes become destructive when pushed into a reactive state. This destructive behavior damages synapses, releases inflammatory molecules and accelerates neurodegeneration. Stopping this process might be one of the most powerful ways to slow the progression of Alzheimer's disease.

Kranz and Silverman likened the strategy to early intervention approaches for preventing cancer and heart disease.

"Most people are used to monitoring their cholesterol levels," Silverman said. "If you have high cholesterol, it doesn't mean that you will have a heart attack soon. But it's time to take drugs to lower your cholesterol levels to prevent that heart attack from happening down the road. NU-9 could play a similar role. If someone has a biomarker signaling Alzheimer's disease, then they could start taking NU-9 before symptoms appear."

"There are a couple early diagnostic blood tests for Alzheimer's disease in development," Klein added. "The promise of better early diagnostics -- combined with a drug that could stop the disease in its tracks -- is the goal."

Currently, the team is testing NU-9 in additional models of Alzheimer's disease, including an animal model of late-onset disease that better reflects typical human aging. The researchers also plan to follow animals for a longer period of time to determine whether symptoms develop in treated animals and plan to examine how early intervention with NU-9 affects memory and neuron health over time.

The study, "Identification of a glia-associated amyloid beta oligomer subtype and the rescue from reactive astrogliosis by inhibitor NU-9," was supported by the National Institute of Health (grant AG061708).
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This cancer-fighting molecule took 50 years to build | ScienceDaily
MIT chemists have produced verticillin A in the lab for the first time. This fungal molecule was identified more than 50 years ago and has drawn attention for its potential as an anticancer agent.


						
Verticillin A is notoriously hard to build because of its intricate chemical architecture. Even compared with closely related compounds, it proved far more challenging to synthesize, despite differing by only a couple of atoms.

"We have a much better appreciation for how those subtle structural changes can significantly increase the synthetic challenge," says Mohammad Movassaghi, an MIT professor of chemistry. "Now we have the technology where we can not only access them for the first time, more than 50 years after they were isolated, but also we can make many designed variants, which can enable further detailed studies."

In lab tests using human cancer cells, one verticillin A derivative stood out against a pediatric brain cancer known as diffuse midline glioma. The researchers emphasize that additional testing is needed to assess whether it could eventually be useful in the clinic.

Movassaghi and Jun Qi, an associate professor of medicine at Dana-Farber Cancer Institute/Boston Children's Cancer and Blood Disorders Center and Harvard Medical School, are the senior authors of the study, published in the Journal of the American Chemical Society. Walker Knauss PhD '24 is the paper's lead author. Xiuqi Wang, a medicinal chemist and chemical biologist at Dana-Farber, and Mariella Filbin, research director in the Pediatric Neurology-Oncology Program at Dana-Farber/Boston Children's Cancer and Blood Disorders Center, are also authors.

Why This Fungal Molecule Was So Hard to Make

Researchers first reported isolating verticillin A from fungi in 1970. Fungi use the compound to help defend themselves from pathogens. Verticillin A and similar fungal molecules have been explored for possible anticancer and antimicrobial activity, but their complexity has made them difficult to synthesize.




In 2009, Movassaghi's lab reported the synthesis of (+)-11,11'-dideoxyverticillin A, a compound closely related to verticillin A. That molecule contains 10 rings and eight stereogenic centers, meaning carbon atoms that each connect to four different chemical groups. Those groups must be positioned with the correct orientation, or stereochemistry, relative to the rest of the molecule.

Even after that earlier success, verticillin A itself remained out of reach. The key difference between verticillin A and (+)-11,11'-dideoxyverticillin A is two oxygen atoms, but those additions made a major difference in how the molecule behaves during synthesis.

"Those two oxygens greatly limit the window of opportunity that you have in terms of doing chemical transformations," Movassaghi says. "It makes the compound so much more fragile, so much more sensitive, so that even though we had had years of methodological advances, the compound continued to pose a challenge for us."

Rethinking the Chemistry Step by Step

Both versions of the verticillin molecule are built from two identical halves that must be connected into a structure called a dimer. In the earlier synthesis of (+)-11,11'-dideoxyverticillin A, the team carried out the dimerization near the end of the process and then formed four crucial carbon-sulfur bonds.

When they tried to apply that same sequencing to verticillin A, it did not work. Adding the carbon-sulfur bonds late in the process failed to deliver the correct stereochemistry, forcing the team to redesign the entire order of steps.




"What we learned was the timing of the events is absolutely critical. We had to significantly change the order of the bond-forming events," Movassaghi says.

The new synthesis starts from an amino acid derivative called beta-hydroxytryptophan. From there, the researchers build the structure in stages, adding chemical functional groups, including alcohols, ketones, and amides, while carefully controlling stereochemistry at each step.

To guide that control, the team introduced a group containing two carbon-sulfur bonds and a disulfide bond early in the process. Because disulfides are sensitive, they had to be "masked" by converting them into a protected pair of sulfides so the structure would not break down during later reactions. After dimerization, the disulfide-containing groups were restored.

"This particular dimerization really stands out in terms of the complexity of the substrates that we're bringing together, which have such a dense array of functional groups and stereochemistry," Movassaghi says.

In total, the route takes 16 steps from the beta-hydroxytryptophan starting material to reach verticillin A.

Early Tests Against Diffuse Midline Glioma

With verticillin A finally accessible, the researchers could also adjust the approach to create derivates. A Dana-Farber team tested these molecules against several types of diffuse midline glioma (DMG), a rare brain tumor with limited treatment options.

The strongest effects appeared in DMG cell lines that produce high levels of a protein called EZHIP. EZHIP influences DNA methylation and has previously been flagged as a potential drug target for DMG.

"Identifying the potential targets of these compounds will play a critical role in further understanding their mechanism of action, and more importantly, will help optimize the compounds from the Movassaghi lab to be more target specific for novel therapy development," Qi says.

The verticillin derivatives seem to affect EZHIP in a way that increases DNA methylation, which pushes the cancer cells into programmed cell death. The most effective molecules in these experiments were N-sulfonylated (+)-11,11'-dideoxyverticillin A and N-sulfonylated verticillin A. N-sulfonylation -- the addition of a functional group containing sulfur and oxygen -- improves molecular stability.

"The natural product itself is not the most potent, but it's the natural product synthesis that brought us to a point where we can make these derivatives and study them," Movassaghi says.

Next, the Dana-Farber researchers plan to further confirm how the verticillin derivatives work, and they hope to test the compounds in animal models of pediatric brain cancers.

"Natural compounds have been valuable resources for drug discovery, and we will fully evaluate the therapeutic potential of these molecules by integrating our expertise in chemistry, chemical biology, cancer biology, and patient care. We have also profiled our lead molecules in more than 800 cancer cell lines, and will be able to understand their functions more broadly in other cancers," Qi says.

The research was funded by the National Institute of General Medical Sciences, the Ependymoma Research Foundation, and the Curing Kids Cancer Foundation.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251222044104.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



MIT scientists strip cancer of its sugar shield | ScienceDaily
A research team from MIT and Stanford University has developed a new technique designed to push the immune system to go after tumor cells. The strategy is aimed at helping cancer immunotherapy succeed in far more patients than it does today.


						
At the center of the work is a way to undo a built in "brake" that tumors can trigger to keep immune cells from attacking. That brake is tied to sugars called glycans, which sit on the surface of cancer cells.

The scientists found that blocking these glycans with proteins known as lectins can greatly strengthen immune activity against cancer cells. To do this in a targeted way, they built multifunctional molecules called AbLecs that pair a lectin with an antibody that homes in on tumors.

"We created a new kind of protein therapeutic that can block glycan-based immune checkpoints and boost anti-cancer immune responses," says Jessica Stark, the Underwood-Prescott Career Development Professor in the departments of Biological Engineering and Chemical Engineering. "Because glycans are known to restrain the immune response to cancer in multiple tumor types, we suspect our molecules could offer new and potentially more effective treatment options for many cancer patients."

Stark, who is also a member of MIT's Koch Institute for Integrative Cancer Research, led the study as the paper's lead author. Carolyn Bertozzi, a Stanford professor of chemistry and director of the Sarafan ChEM Institute, served as the senior author. The findings were published in Nature Biotechnology.

How Cancer Uses Immune Brakes

One of the biggest goals in cancer treatment is teaching the immune system to spot tumor cells and eliminate them. A major group of immunotherapy drugs called checkpoint inhibitors works by interrupting the interaction between two proteins, PD-1 and PD-L1. By blocking that connection, these medicines remove a brake that tumors use to keep immune cells such as T cells from killing cancer cells.




Checkpoint inhibitors that target the PD-1 PD-L1 pathway are already approved for several cancers. For some people, they can produce long lasting remission. For many others, however, they provide little benefit or none at all.

Because of that gap, researchers are searching for other ways tumors suppress the immune system. One promising target involves interactions between tumor glycans and receptors on immune cells.

Siglecs, Sialic Acid, and a Sugar Based Checkpoint

Glycans appear on nearly all living cells, but cancer cells often carry versions not found on healthy cells. Many of these tumor specific glycans include a sugar building block called sialic acid. When sialic acids attach to lectin receptors on immune cells, they can switch on an immune dampening pathway. The lectins that recognize sialic acid are called Siglecs.

"When Siglecs on immune cells bind to sialic acids on cancer cells, it puts the brakes on the immune response. It prevents that immune cell from becoming activated to attack and destroy the cancer cell, just like what happens when PD-1 binds to PD-L1," Stark says.

So far, no approved medicines directly target the Siglec sialic acid interaction, even though many approaches have been explored. One idea has been to create lectins that bind to sialic acids and block their contact with immune cells. But this has struggled because lectins typically do not bind strongly enough to build up in large numbers on the surface of cancer cells.




AbLecs Combine Antibodies and Lectins

To solve that problem, Stark and her team used antibodies as delivery vehicles to bring more lectins to tumors. The antibody portion targets cancer cells, and once it arrives, the attached lectin can bind sialic acid. That blocks sialic acid from engaging Siglec receptors on immune cells, which lifts the immune brake and lets immune cells including macrophages and natural killer (NK) cells attack the tumor.

"This lectin binding domain typically has relatively low affinity, so you can't use it by itself as a therapeutic. But, when the lectin domain is linked to a high-affinity antibody, you can get it to the cancer cell surface where it can bind and block sialic acids," Stark says.

A Plug and Play Design Tested in Cells and Mice

For this study, the researchers built an AbLec using trastuzumab, an antibody that binds to HER2 and is approved for treating breast, stomach, and colorectal cancers. To create the AbLec, they replaced one arm of the antibody with a lectin, choosing either Siglec-7 or Siglec-9.

In lab experiments with cultured cells, this AbLec changed how immune cells behaved, pushing them to attack and kill cancer cells.

The team also tested the AbLecs in mice engineered to express human Siglec receptors and human antibody receptors. After the mice were given cancer cells that formed lung metastases, treatment with the AbLec led to fewer lung metastases than treatment with trastuzumab alone.

The researchers also demonstrated that the approach is flexible. They could swap in different tumor targeting antibodies such as rituximab, which targets CD20, or cetuximab, which targets EGFR. They could also exchange the lectin portion to target other immunosuppressive glycans, or use antibodies that target checkpoint proteins such as PD-1.

"AbLecs are really plug-and-play. They're modular," Stark says. "You can imagine swapping out different decoy receptor domains to target different members of the lectin receptor family, and you can also swap out the antibody arm. This is important because different cancer types express different antigens, which you can address by changing the antibody target."

Next Steps and Funding

Stark, Bertozzi, and colleagues have launched a company called Valora Therapeutics to develop lead AbLec candidates. They aim to start clinical trials in the next two to three years.

Funding for the work came in part from a Burroughs Wellcome Fund Career Award at the Scientific Interface, a Society for Immunotherapy of Cancer Steven A. Rosenberg Scholar Award, a V Foundation V Scholar Grant, the National Cancer Institute, the National Institute of General Medical Sciences, a Merck Discovery Biologics SEEDS grant, an American Cancer Society Postdoctoral Fellowship, and a Sarafan ChEM-H Postdocs at the Interface seed grant.
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Hidden brain maps that make empathy feel physical | ScienceDaily
In a global research collaboration, neuroscientists Nicholas Hedger (University of Reading) and Tomas Knapen (Netherlands Institute for Neuroscience & Vrije Universiteit Amsterdam) set out to better understand how humans experience the world. Their work revealed how the brain converts visual information into sensations of touch, helping create a lived, physical sense of reality. As Knapen notes, "This aspect of human experience is a fantastic area for AI development."


						
Picture yourself cooking with a friend when they suddenly cut their finger. Almost instantly, you might wince, make a face, or even pull your own hand away. These reactions happen within milli-seconds and are not imagined. They reflect real activity in your brain's touch-processing region, known as the somatosensory cortex.

This raises a fascinating question. How can simply watching someone else trigger your own sense of touch?

Studying Touch Through Movies

To investigate this mystery, researchers from the UK, USA, and VU, NIN (KNAW) in Amsterdam turned to an unexpected tool: Hollywood films. Instead of controlled lab tasks, they analyzed how the brain responds during natural viewing experiences.

Tomas Knapen (last author) and Nicholas Hedger (first author) worked with a dataset in which participants lay in brain scanners while watching movie clips from films such as The Social Network and Inception. The researchers aimed to use these recordings to pinpoint the brain systems that allow us to deeply experience what we see.

Mapping the Body in the Brain

When scientists refer to "maps" in the brain, they are describing how different regions organize information about the body and surrounding space. In the somatosensory cortex, the entire body is laid out in an orderly way. One end processes sensations from the feet, while the other handles touch from the head. These maps help the brain identify where sensations originate.




Finding comparable maps in the visual cortex is especially exciting. It suggests that the brain connects visual input directly to bodily sensation, linking sight and touch at a fundamental level.

"We found not one, or two, but eight remarkably similar maps in the visual cortex!" Knapen explains. "Finding so many shows how strongly the visual brain speaks the language of touch."

These visual maps follow the same head-to-toe organization seen in the somatosensory cortex -- indicating that when we look at another person, the brain structures that information in much the same way it does when we physically feel something ourselves.

Why the Brain Uses Multiple Maps

If there are so many body maps, what purpose do they serve? According to the researchers, each map appears to support a different function. Some are more focused on recognizing specific body parts, while others help determine where those parts are located in space. "I think that there are many more purposes, but we just haven't been able to test them yet." Knapen adds.

Which map becomes most active can depend on what you are paying attention to. "Say you stand up and grab a cup of coffee. If I'm interested in what you're doing, I will probably focus on your hand grabbing the cup. Now imagine that I'm more interested in your emotional state. In that case, I might focus more on your overall posture or your facial expressions. Every time you look at a person, there are many different bodily translations that need to be conducted visually. We think that these maps are a fundamental ingredient in that exact process."

Although having overlapping maps might sound inefficient, Knapen argues the opposite. "This allows the brain to have many types of information in a single space, and make a translation in any way that is relevant in that moment," he explains.




Implications for Psychology Medicine and Technology

The discovery opens the door to a wide range of future studies. Because these body maps appear to play a role in emotional understanding, they may help advance research in social psychology and clinical care. "People with autism can struggle with this sort of processing. Having this information could help us better identify effective treatments," Knapen explains.

Over time, the findings could also influence the development of neurotechnology. "Training sets for brain implants often start off with instructions like 'try to think of a movement'. If these bodily processes can be activated in much broader ways, then there might be much broader possibilities to train and develop those brain computer interfaces."

Knapen also sees major potential for artificial intelligence. "Our bodies are deeply intertwined with our experiences and understanding of the world. Current AI primarily relies on text and video, lacking this bodily dimension. This aspect of human experience is a fantastic area for AI development. Our work shows the potential for very large, precision brain imaging datasets to fuel this development: a beautiful synergy between neuroscience and AI."

Despite these future possibilities, Knapen emphasizes that the core motivation remains deeply human. "I just want to understand the depths of the human experience, and it really feels like we just found this central ingredient for it."
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Are they really listening? Watch their blinks | ScienceDaily
Blinking is something people do automatically, much like breathing, without giving it much thought. While most scientific research on blinking has focused on eyesight, a new study from Concordia University explores a different connection. The research looks at how blinking relates to cognitive processes, including how the brain filters out background noise so we can focus on speech in busy environments.


						
The findings were published in the journal Trends in Hearing. In the paper, researchers outline two experiments designed to observe how blinking behavior changes when people are exposed to different listening conditions.

Fewer Blinks Signal Greater Mental Effort

The researchers discovered that people tend to blink less when they are working harder to understand speech in noisy settings. This reduction in blinking appears to reflect the mental effort involved in listening closely during everyday conversations. Importantly, the pattern stayed the same regardless of lighting conditions -- participants blinked at similar rates whether the room was bright, dim, or dark.

"We wanted to know if blinking was impacted by environmental factors and how it related to executive function," says lead author Penelope Coupal, an Honours student at the Laboratory for Hearing and Cognition. "For instance, is there a strategic timing of a person's blinks so they would not miss out on what is being said?"

The results showed that blinking does appear to be timed in a purposeful way.

"We don't just blink randomly," says Coupal. "In fact, we blink systematically less when salient information is presented."

Measuring Blinks During Challenging Listening Tasks




The study included nearly 50 adult participants. Each person sat in a soundproof room and focused on a fixed cross displayed on a screen. They listened to short spoken sentences through headphones while the level of background noise changed. The signal-to-noise ratio (SNR) ranged from very quiet to highly distracting.

Participants wore eye-tracking glasses that captured every blink and recorded exactly when each blink occurred. Researchers divided each listening session into three phases: before the sentence played, while it was playing, and immediately afterward.

Blink rates dropped most noticeably during the sentences themselves, compared to the moments before and after. The decrease was strongest when background noise was loudest and speech was hardest to understand.

Lighting Does Not Explain the Effect

In a second experiment, the team tested blinking behavior again while changing the lighting conditions. Participants completed the listening tasks in dark, medium, and brightly lit rooms, across different SNR levels. The same blink suppression pattern appeared each time.

This consistency showed that the effect was driven by cognitive demands rather than changes in how much light entered the eyes.




Although individuals differed widely in how often they blinked overall -- some participant blinked as little as 10 times per minute, while others may have blinked 70 times per minute -- the overall trend was clear and statistically meaningful.

Blinks as a Tool for Studying Brain Function

Earlier research linking eye behavior to mental effort mostly relied on pupil dilation (pupillometry). In many cases, blinks were treated as unwanted interruptions and removed from the data. In contrast, this study revisited existing pupillometry data and focused directly on blink timing and frequency.

The researchers say the results support using blink rate as a simple and low-effort way to measure cognitive function, both in controlled laboratory experiments and in real-world situations.

"Our study suggests that blinking is associated with losing information, both visual and auditory," says co-author Mickael Deroche, an associate professor in the Department of Psychology.

"That is presumably why we suppress blinking when important information is coming. But to be fully convincing, we need to map out the precise timing and pattern of how visual/auditory information is lost during a blink. This is the logical next step, and a study is being led by postdoctoral fellow Charlotte Bigras. But these findings are far from trivial."

Yue Zhang contributed to this research.
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Study links full-fat cheese to lower dementia risk | ScienceDaily
    	A large new study suggests that eating more full-fat cheese and cream may be linked to a lower risk of developing dementia later in life.
    	High-fat cheeses are defined as containing more than 20% fat and include familiar varieties such as cheddar, Brie and Gouda.
    	Participants who ate 50 grams or more of high-fat cheese each day had a 13% lower risk of dementia compared with those who ate less than 15 grams daily.
    	People who consumed at least 20 grams of high-fat cream per day also showed a reduced dementia risk, about 16% lower than those who did not consume cream.
    	Researchers found no similar link for low-fat cheese, low-fat cream, milk, butter or fermented milk products.
    	Scientists emphasize that more research is needed to confirm these findings and to better understand whether certain high-fat dairy foods could help support brain health.

Full-Fat Dairy and Dementia Risk

People who eat higher amounts of full-fat cheese and cream may be less likely to develop dementia later in life, according to a new study published on December 17, 2025, in Neurology, the medical journal of the American Academy of Neurology. The findings point to a connection between these foods and dementia risk, but they do not prove that eating high-fat dairy prevents dementia. Instead, the study identifies an association.

High-fat cheeses are defined as having more than 20% fat and include common types such as cheddar, Brie and Gouda. High-fat creams generally contain 30-40% fat and include whipping cream, double cream and clotted cream. In grocery stores, these products are often sold as "full-fat" or "regular" options.

"For decades, the debate over high-fat versus low-fat diets has shaped health advice, sometimes even categorizing cheese as an unhealthy food to limit," said Emily Sonestedt, PhD, of Lund University, Sweden "Our study found that some high-fat dairy products may actually lower the risk of dementia, challenging some long-held assumptions about fat and brain health."

How the Study Followed Participants Over Time

The research team analyzed dietary and health data from 27,670 adults in Sweden. At the beginning of the study, participants were an average of 58 years old. They were followed for about 25 years, during which time 3,208 people were diagnosed with dementia.




To track eating habits, participants recorded everything they consumed over the course of one week. They also answered questions about how frequently they ate specific foods during the previous several years and discussed their food preparation methods with researchers.

Cheese Intake and Dementia Outcomes

One part of the analysis focused on daily consumption of high-fat cheese. Researchers compared people who ate 50 grams or more per day with those who ate less than 15 grams per day. Fifty grams of cheese is roughly equal to two slices of cheddar or about half a cup of shredded cheese and is approximately 1.8 ounces. A typical serving of cheese is one ounce.

By the end of the study period, 10% of participants who ate higher amounts of high-fat cheese had developed dementia, compared with 13% of those who ate less. After accounting for differences in age, sex, education and overall diet quality, the researchers found that higher cheese consumption was associated with a 13% lower risk of dementia.

When specific forms of dementia were examined, the association was strongest for vascular dementia. People who consumed more high-fat cheese had a 29% lower risk of developing this type.

The researchers also observed a lower risk of Alzheimer's disease among participants who ate more high-fat cheese, but this pattern was only seen in those who did not carry the APOE e4 gene variant -- a genetic risk factor for Alzheimer's disease.




High-Fat Cream and Dementia Risk

The study also looked at consumption of high-fat cream. Researchers compared people who consumed 20 grams or more per day with those who did not consume any. Twenty grams of high-fat cream is about 1.4 tablespoons of heavy whipping cream. A recommended serving is about 1-2 tablespoons.

After making similar adjustments for health and lifestyle factors, the researchers found that daily consumption of high-fat cream was linked to a 16% lower risk of dementia compared with consuming none.

Differences Among Dairy Products

Not all dairy foods showed the same relationship with dementia risk. The researchers found no association between dementia and consumption of low-fat cheese, low-fat cream, high- or low-fat milk, butter or fermented milk, which includes yogurt, kefir and buttermilk.

"These findings suggest that when it comes to brain health not all dairy is equal," said Sonestedt. "While eating more high-fat cheese and cream was linked to a reduced risk of dementia, other dairy products and low-fat alternatives did not show the same effect. More research is needed to confirm our study results and further explore whether consuming certain high-fat dairy truly offers some level of protection for the brain."

Study Limitations and Future Research

One limitation of the study is that all participants lived in Sweden, which means the results may not apply to people in other countries. Sonestedt noted that dietary habits differ between regions. In Sweden, cheese is often eaten uncooked, while in the United States, cheese is frequently heated or eaten alongside meat. Because of these differences, she emphasized that similar studies should also be carried out in the United States.

The study was supported by Swedish Research Council, Swedish Heart and Lung Foundation, Crafoord Foundation, Magnus Bergvall Foundation and Albert Pahlsson Foundation.
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A traditional Brazilian plant shows unexpected strength against arthritis | ScienceDaily
A research team in Brazil has found strong evidence that the Joseph's Coat plant (Alternanthera littoralis) is both safe and effective at reducing inflammation, easing pain, and protecting against arthritis. The study was carried out by scientists from the Federal University of Grande Dourados (UFGD), the State University of Campinas (UNICAMP), and Sao Paulo State University (UNESP).


						
Joseph's Coat grows naturally along Brazil's coastline and has long been used in traditional medicine to treat inflammation, infections, and parasitic illnesses. Despite its widespread use, there had been little scientific research confirming whether these benefits were real or whether the plant was safe.

Identifying Active Compounds and Testing Anti Inflammatory Effects

The study, published in the Journal of Ethnopharmacology, began with a detailed chemical analysis of the plant. Researchers examined the ethanolic extract made from the plant's aerial parts to determine which bioactive compounds it contained. This phase of the work was led by Marcos Salvador, a pharmacist from the Institute of Biology (IB) at UNICAMP.

After identifying the compounds, the research moved to biological testing. A team led by pharmacologist Candida Kassuya from the Faculty of Health Sciences at UFGD evaluated how well the extract reduced inflammation in experimental models of arthritis. Toxicological testing followed to assess safety. "Finally, we performed the toxicological analyses under my coordination," explains Arielle Cristina Arena, associate professor in the Department of Structural and Functional Biology at the Institute of Biosciences at UNESP's Botucatu Campus.

Laboratory Results Show Reduced Inflammation and Joint Damage

The experiments revealed that the ethanolic extract of A. littoralis significantly lowered inflammation in laboratory animals. "In the experimental models, we observed reduced edema, improved joint parameters, and modulation of inflammatory mediators, suggesting antioxidant and tissue-protective actions," says Arena.




These findings indicate that the plant does more than reduce swelling. The results also suggest that it may help protect joint tissue and limit damage associated with inflammatory conditions like arthritis.

Promising Safety Profile With Limits on Immediate Use

According to Arena, the results strengthen the scientific case for the plant's medicinal value and provide a foundation for future preclinical studies. The findings also point to a favorable safety profile at therapeutic doses, which could be encouraging for eventual human use.

However, the researchers caution that the extract is not ready for clinical application. Additional toxicological testing, human clinical trials, and standardized preparation methods are still required to confirm safety, effectiveness, and quality. Regulatory approval would also be necessary before any therapeutic use.

Supporting Biodiversity Through Science

"This research is part of an ongoing line of investigation developed by UFGD, UNESP, and UNICAMP, and our purpose is to value Brazilian biodiversity and traditional knowledge, but with a rigorous scientific basis, promoting the safe and rational use of natural products," says Arena.

The research received funding from FAPESP (projects 06/06079-4, 09/05992-6, 15/03726-8, 16/06407-3, 17/19523-4, and 21/09693-5).
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Why one long walk may be better than many short ones | ScienceDaily
A large population-based study examined whether the way people accumulate their daily steps affects their long-term health, regardless of how many total steps they take. The research focused on adults who were not highly active, defined as walking fewer than 8,000 steps per day (<8,000 steps per day). The findings showed a clear pattern: people who walked in longer, uninterrupted sessions faced lower risks of death from any cause and cardiovascular disease (CVD) compared with those whose steps were spread out in short bursts. The study was published in Annals of Internal Medicine.


						
The analysis included 33,560 adults from the UK Biobank who averaged 8000 or fewer daily steps. Researchers grouped participants based on how long their typical walking sessions lasted. These categories included bouts shorter than 5 minutes, 5 to shorter than 10 minutes, 10 to shorter than 15 minutes, and 15 minutes or longer.

Participants walked a median of 5,165 steps per day. Nearly half of them, 42.9%, accumulated most of their steps in sessions lasting under 5 minutes. Another 33.5% primarily walked in 5- to 10-minute bouts, while 15.5% did most of their walking in 10- to 15-minute sessions. Only 8.0% regularly walked in sessions lasting at least 15 minutes.

Mortality Risk Drops as Walking Sessions Get Longer

Over a follow-up period of 9.5 years, the risk of death decreased steadily as walking sessions became longer. Participants who took most of their steps in bouts shorter than 5 minutes had an all-cause mortality risk of 4.36% (95% CI, 3.52% to 5.19%). That risk dropped to 1.83% (CI, 1.29% to 2.36%) among those walking in 5- to 10-minute bouts.

Even lower risks were seen in people who walked longer at a time. Those whose steps mainly came from 10- to 15-minute sessions had a mortality risk of 0.84% (CI, 0.13% to 1.53%), while participants who regularly walked for 15 minutes or more at a stretch had a risk of 0.80% (CI, 0.00% to 1.89%).

Heart Disease Risk Shows an Even Stronger Pattern

The connection between walking patterns and cardiovascular disease was even more pronounced. After 9.5 years, participants who mostly walked in sessions shorter than 5 minutes had a cumulative CVD risk of 13.03% (CI, 11.92% to 14.14%). Those who walked in 5- to 10-minute bouts had a lower risk of 11.09% (CI, 9.88% to 12.29%).




Risk continued to decline with longer walking sessions. Participants in the 10- to 15-minute group had a CVD risk of 7.71% (CI, 5.67% to 9.70%), while those walking in bouts of 15 minutes or longer had the lowest risk at 4.39% (CI, 1.89% to 6.83%).

Bigger Benefits for the Most Sedentary Adults

Among participants who were especially inactive, defined as taking fewer than 5,000 steps per day (<5,000 steps per day), the advantages of longer walking sessions were even more noticeable. In this group, walking for longer periods at a time was strongly associated with lower risks of both death and cardiovascular disease.

These findings suggest that for people who are otherwise sedentary or low-active, focusing on longer, more intentional walking sessions could be an effective way to improve health outcomes, even without increasing total step counts.
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Parkinson's breakthrough changes what we know about dopamine | ScienceDaily
A new study led by researchers at McGill University is calling into question a long-standing idea about how dopamine influences movement. The findings suggest a shift in how scientists understand Parkinson's disease and how its treatments work.


						
The research, published in Nature Neuroscience, shows that dopamine does not directly control how fast or how forcefully a person moves, as many experts previously believed. Instead, dopamine appears to provide the basic conditions that allow movement to happen in the first place.

"Our findings suggest we should rethink dopamine's role in movement," said senior author Nicolas Tritsch, Assistant Professor in McGill's Department of Psychiatry and researcher at the Douglas Research Centre. "Restoring dopamine to a normal level may be enough to improve movement. That could simplify how we think about Parkinson's treatment."

What Dopamine Does in Parkinson's Disease

Dopamine plays a key role in motor vigor, which refers to the ability to move with speed and strength. In people with Parkinson's disease, the brain cells that produce dopamine gradually break down. This loss leads to hallmark symptoms such as slow movement, tremors, and problems with balance.

Levodopa, the most common treatment for Parkinson's, helps restore movement by increasing dopamine levels in the brain. However, scientists have not fully understood why the drug is so effective. In recent years, improved brain-monitoring tools detected brief spikes of dopamine during movement. These rapid bursts led many researchers to think dopamine directly controlled movement intensity.

The new findings challenge that assumption.




Dopamine Acts as Support, Not a Speed Controller

The study suggests dopamine does not act as a moment-by-moment controller of movement. Instead, it serves a more fundamental role.

"Rather than acting as a throttle that sets movement speed, dopamine appears to function more like engine oil. It's essential for the system to run, but not the signal that determines how fast each action is executed," said Tritsch.

Tracking Dopamine in Real Time

To test this idea, the researchers monitored brain activity in mice while the animals pressed a weighted lever. Using a light-based method, they were able to switch dopamine-producing cells "on" or "off" during the task.

If rapid dopamine bursts were responsible for movement vigor, changing dopamine levels at that exact moment should have altered how fast or forcefully the mice moved. Instead, adjusting dopamine activity during movement made no difference.




When the researchers tested levodopa, they found that the drug improved movement by raising the brain's overall dopamine level. It did not work by restoring the short-lived dopamine bursts that occur during motion.

Toward More Targeted Parkinson's Treatments

More than 110,000 Canadians are currently living with Parkinson's disease, and that number is expected to more than double by 2050 as the population ages.

According to the researchers, a better understanding of why levodopa works could guide the development of future treatments that focus on maintaining steady dopamine levels rather than targeting rapid dopamine signals.

The findings also encourage researchers to reexamine older treatment strategies. Dopamine receptor agonists have shown benefits in the past but often caused side effects because they affected large areas of the brain. The new insight may help scientists design safer therapies that act more precisely.

About the Study

"Subsecond dopamine fluctuations do not specify the vigor of ongoing actions" by Haixin Liu and Nicolas Tritsch et al., was published in Nature Neuroscience.

The study was funded by the Canada First Research Excellence Fund, awarded through the Healthy Brains, Healthy Lives initiative at McGill University and the Fonds de Recherche du Quebec.
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Science says we've been nurturing "gifted" kids all wrong | ScienceDaily
Exceptional performers play a major role in driving innovation and tackling some of the world's most urgent challenges. Because of this, societies have a strong stake in understanding how top-level talent develops. A new review published in the journal Science argues that many long standing approaches to gifted education and talent development rest on flawed assumptions. For the first time, an international and interdisciplinary research team has brought together evidence on how world-class performers emerge in science, classical music, chess, and sports.


						
For decades, research on giftedness and expertise has followed a familiar model. Outstanding achievement was thought to depend on strong early performance, such as excelling in school subjects, sports, or concerts, combined with specific abilities like intelligence, physical coordination, or musical talent. These traits were believed to need years of intense, discipline-focused training to produce elite results. As a result, many talent programs concentrate on identifying the top young performers early and pushing them to specialize quickly.

According to new findings led by Arne Gullich, professor of sports science at RPTU University Kaiserslautern-Landau, this approach may not be the most effective way to nurture future high achievers.

Why Earlier Research Missed the Full Picture

Until recently, most studies of giftedness focused on young or sub-elite performers. These groups included school and college students, youth athletes, young chess players, and musicians training at conservatories. However, evidence drawn from adult world-class athletes has begun to challenge conclusions based on these earlier samples.

"Traditional research into giftedness and expertise did not sufficiently consider the question of how world-class performers at peak performance age developed in their early years," Arne Gullich explains. The goal of the new Review was to address this gap by examining how elite performers actually progressed over time.

To do this, Gullich worked with an international research team that included Michael Barth, assistant professor of sports economics at the University of Innsbruck, D. Zach Hambrick, professor of psychology at Michigan State University, and Brooke N. Macnamara, professor of psychology at Purdue University. Their findings are now published in Science.




Pooling Evidence Across Fields

The researchers reexamined large datasets from many previous studies, analyzing the developmental histories of 34,839 top-level performers from around the world. The group included Nobel Prize winners in the sciences, Olympic medalists, elite chess players, and leading classical music composers. This effort made it possible, for the first time, to compare how world-class performers develop across very different disciplines.

Early Stars Are Rarely Future Legends

One of the most striking conclusions is that elite performers follow a developmental path that differs from long-held assumptions. "And a common pattern emerges across the different disciplines," Gullich notes.

First, individuals who stand out as the best at a young age are usually not the same people who become the best later in life. Second, those who eventually reached the highest levels tended to improve gradually during their early years and were not top performers within their age group. Third, future world-class achievers typically did not focus on a single discipline early on. Instead, they explored a range of activities, such as different academic subjects, musical genres, sports, or professions (e.g., different subjects of study, genres of music, sports, or professions).

How Variety Builds Stronger Performers

The researchers propose three ideas that may help explain these patterns. "We propose three explanatory hypotheses for discussion," says Gullich.




The search-and-match hypothesis suggests that exposure to multiple disciplines increases the likelihood of eventually finding the best personal fit. The enhanced-learning-capital hypothesis proposes that learning in diverse areas strengthens overall learning capacity, making it easier to continue improving later at the highest level within a chosen field. The limited-risks hypothesis argues that engaging in multiple disciplines reduces the chance of setbacks such as burnout, unhealthy work-rest imbalances, loss of motivation, or physical injury in psychomotor disciplines (sports, music).

Arne Gullich summarizes the combined effect of these factors: "Those who find an optimal discipline for themselves, develop enhanced potential for long-term learning, and have reduced risks of career-hampering factors, have improved chances of developing world-class performance."

Encouraging Breadth Instead of Early Specialization

Based on these findings, Gullich offers clear guidance on how young talent should be supported. The evidence suggests avoiding early specialization in a single field. Instead, young people should be encouraged and given opportunities to explore several areas of interest and receive support in two or three disciplines.

These areas do not need to be closely related. Combinations like language and mathematics, or geography and philosophy, can be equally valuable. Albert Einstein provides a famous example -- one of the most important physicists, who was also deeply engaged with music and played the violin from an early age.

Implications for Policy and Practice

The authors argue that these insights should inform changes in how talent development programs are designed. Policymakers and program leaders can move toward approaches grounded in evidence rather than tradition.

As Gullich concludes, "This may enhance opportunities for the development of world-class performers -- in science, sports, music, and other fields."
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A new tool is revealing the invisible networks inside cancer | ScienceDaily
Researchers at the University of Navarra in Spain have created RNACOREX, an open-source software platform designed to identify gene regulation networks linked to cancer survival. The tool was developed by scientists at the Institute of Data Science and Artificial Intelligence (DATAI), in collaboration with members of the Cancer Center Clinica Universidad de Navarra. Its performance has been tested using data from thirteen different tumor types provided by the international consortium The Cancer Genome Atlas (TCGA).


						
RNACOREX was published in the journal PLOS Computational Biology. It can analyze thousands of biological molecules at the same time, allowing it to detect important molecular interactions that are often missed by traditional analysis methods. By producing a clear and interpretable molecular "map," the software helps researchers better understand how tumors function and offers new ways to explore the biological processes that drive cancer progression.

Decoding Cancer's Hidden Genetic Structure

Within human cells, different types of molecules such as microRNAs (miRNAs) and messenger RNA (mRNA) -- communicate through highly complex regulatory networks. When these networks fail to function properly, diseases including cancer can develop.

"Understanding the architecture of these networks is crucial for detecting, studying, and classifying different tumor types. However, reliably identifying these networks is a challenge due to the vast amount of available data, the presence of many false signals, and the lack of accessible and precise tools capable of distinguishing which molecular interactions are truly associated with each disease," says Ruben Armananzas, head of the Digital Medicine Laboratory at DATAI and one of the study's lead authors.

RNACOREX was designed to overcome these challenges. It integrates curated information from international biological databases with real-world gene expression data to rank the most biologically meaningful miRNA-mRNA interactions. From this foundation, the software builds progressively more complex regulatory networks that can also function as probabilistic models for studying disease behavior.

Predicting Survival With Interpretable Results

To evaluate how well the tool performs, the research team applied RNACOREX to data from thirteen different cancers, including breast, colon, lung, stomach, melanoma, and head and neck tumors, using information from The Cancer Genome Atlas (TCGA).




"The software predicted patient survival with accuracy on par with sophisticated AI models, but with something many of those systems lack: clear, interpretable explanations of the molecular interactions behind the results," says Aitor Oviedo-Madrid, a researcher at the Digital Medicine Laboratory of DATAI and first author of the study.

Beyond survival prediction, RNACOREX can identify regulatory networks linked to clinical outcomes, detect molecular patterns shared across multiple tumor types, and spotlight individual molecules with strong biomedical relevance. These insights may help researchers generate new hypotheses about how tumors grow and progress, while also pointing toward promising future diagnostic markers or treatment targets. "Our tool provides a reliable molecular 'map' that helps prioritize new biological targets, speeding up cancer research," Oviedo-Madrid adds.

An Expanding Open-Source Platform

RNACOREX is freely available as an open-source program on GitHub and PyPI (Python Package Index). It includes automated tools for downloading databases, making it easier for laboratories and research institutions to integrate the software into their workflows. The project has received partial funding from the Government of Navarra (ANDIA 2021 program) and the ERA PerMed JTC2022 PORTRAIT.

"As artificial intelligence in genomics accelerates, RNACOREX positions itself as an explainable, easy-to-interpret solution and an alternative to 'black-box' models, helping bring omics data into biomedical practice," says Armananzas.

The University of Navarra team is already working on expanding the software's capabilities. Planned additions include pathway analysis and new layers of molecular interaction data, with the goal of creating models that more fully explain the biological mechanisms behind tumor growth and progression. These efforts highlight the institution's broader commitment to interdisciplinary research that combines biomedicine, artificial intelligence, and data science to advance personalized and precision cancer medicine.
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Is a vegan diet safe for kids? A huge study has answers | ScienceDaily
Carefully planned vegetarian and vegan diets can support healthy growth in children when appropriate supplements are included, according to a major new meta-analysis, the most comprehensive review to date of plant-based diets in young people.


						
Researchers from Italy, USA and Australia examined health, growth, and nutritional outcomes in more than 48,000 children and adolescents around the world who followed different eating patterns. Their findings show that vegetarian and vegan diets can provide many important nutrients and support normal development. At the same time, the analysis highlights a higher risk of nutrient shortfalls when key nutrients are not supplied through fortified foods or supplements.

The peer-reviewed research, published in Critical Reviews in Food Science and Nutrition, also indicates that plant-based diets may offer added health advantages for children. These include improved markers of cardiovascular health when compared with omnivorous diets that include meat, fish, and other animal-derived foods.

Inside the Largest Analysis of Its Kind

This large meta-analysis reviewed data from 59 studies conducted across 18 countries, making it the most extensive evaluation so far of plant-based diets in children under 18 years of age. The researchers compared lacto-ovo-vegetarian (which include dairy products and eggs, but exclude meat, fish and poultry) and vegan diets (which exclude all animal-derived foods) with omnivorous diets across a broad range of nutritional and health measures.

The analysis included 7,280 lacto-ovo-vegetarians, 1,289 vegans, and 40,059 omnivores, allowing researchers to assess differences in nutrient intake, growth, and overall health.

Vegetarian children were found to consume higher amounts of fiber, iron, folate, vitamin C, and magnesium than omnivorous children. However, they also had lower intakes of energy, protein, fat, vitamin B12, and zinc. Although fewer studies focused specifically on vegan children, similar nutritional patterns were observed.




Key Nutrient Gaps to Watch

"Notably, vitamin B12 didn't reach adequate levels without supplementation or fortified foods, and calcium, iodine and zinc intakes were often at the lower end of recommended ranges, making them important nutrients to consider for children on plant-based diets," explains the study co-author Dr. Jeannette Beasley, an Associate Professor in the Departments of Nutrition and Food Studies and Medicine at New York University.

"Vegan children, in particular, had especially low calcium intake."

Health Benefits and Body Composition

Despite concerns around nutrient intake, both vegetarian and vegan children showed more favorable cardiovascular health profiles than omnivores. In particular, they had lower levels of total cholesterol and low-density lipoprotein (LDL) cholesterol, often referred to as the "unhealthy" form of cholesterol.

Measurements of growth and body composition revealed that children following plant-based diets tended to be leaner. Vegetarian children were slightly shorter and lighter on average, with lower body mass index (BMI), fat mass, and bone mineral content. Vegan children also had shorter stature and lower BMI scores compared with omnivores.




"Our analysis of current evidence suggests that well-planned and appropriately supplemented vegetarian and vegan diets can meet nutritional requirements and support healthy growth in children," states lead-author Dr. Monica Dinu, who focuses on exploring how nutrition shapes health and well-being at the Department of Experimental and Clinical Medicine, at the University of Florence, in Italy.

Guidance for Parents Considering Plant Based Diets

Plant based diets remain a viable option for children and can offer both health and environmental benefits. The researchers emphasize that families should not be discouraged from choosing vegetarian or vegan diets for ethical, environmental, or health reasons.

Instead, they advise parents to plan these diets carefully and, when possible, seek guidance from clinicians such as dietitians and paediatric health professionals. Paying attention to a small number of key nutrients can help ensure children's nutritional needs are met during critical periods of growth while minimizing potential risks.

"We hope these findings offer clearer guidance on both the benefits and potential risks of plant-based diets, helping the growing number of parents choosing these diets for health, ethical or environmental reasons," Dr. Dinu adds.

Why More Research Is Still Needed

The authors also highlight the importance of developing clear, evidence-based recommendations to help families plan healthy plant-based diets for children, especially during stages of rapid growth and development when nutritional demands are higher.

At the same time, the researchers caution that the findings have limitations. Many of the studies included were cross-sectional, methods and populations varied widely, and accurately measuring children's dietary intake remains challenging.

"In conclusion," says fellow co-author Dr. Wolfgang Marx, from the Food & Mood Centre, at Deakin University, Australia, "while well-planned vegetarian and vegan diets are nutritionally adequate and beneficial for adults, there is far less clarity about their suitability for children -- leading to inconsistent or even conflicting advice for parents.

"Our findings suggest that a balanced approach is essential, with families paying close attention to certain nutrients -- particularly vitamin B12, calcium, iodine, iron and zinc -- to ensure their children get everything they need to thrive."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251219093319.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Deaths of despair were rising long before opioids | ScienceDaily
A new study suggests that falling participation in organized religion among middle-aged white Americans with lower levels of education may have contributed to the rise in so-called "deaths of despair." These deaths include fatalities linked to drug overdoses, suicide, and alcoholic liver disease.


						
The researchers found a clear pattern at the state level. States that experienced the sharpest drops in church attendance between 1985 and 2000 also saw the largest increases in deaths from these causes during the same period.

A Trend That Began Before the Opioid Crisis

Deaths of despair are often associated with the arrival of OxyContin and other powerful opioids in the late 1990s. However, the new analysis indicates that the upward trend started earlier, at the same time religious participation began to decline.

"What we see in this study is the beginning of the story, before opioids became a major issue, and it shows rises in deaths of despair were already beginning to happen when the opioid crisis hit," said Tamar Oostrom, co-author of the study and an assistant professor of economics at The Ohio State University.

Oostrom worked on the research with Tyler Giles of Wellsley College and Daniel Hungerman of the University of Notre Dame. The study was published online in the Journal of the European Economic Association.

Data Sources and Affected Populations

The research team combined survey data on religious involvement from the General Social Surveys with mortality records from the Centers for Disease Control and Prevention.




Their findings showed that the decline in religious participation was concentrated among white, middle-aged adults without a college degree. This was the same group that experienced the most pronounced increases in deaths of despair, Oostrom said.

The relationship between lower church attendance and higher mortality appeared consistently across genders and was seen in both rural and urban areas of the United States.

Blue Laws and Changes in Church Attendance

To strengthen their findings, the researchers examined the repeal of "blue laws," which had previously restricted many businesses from operating on Sundays. These laws limited competition with church attendance by reducing alternative activities.

A major wave of repeals took place in 1985, when Minnesota, South Carolina, and Texas eliminated their blue laws. The researchers compared outcomes in those states with others that did not make similar changes at that time.

The analysis showed that repealing blue laws led to a 5- to 10-percentage-point drop in weekly attendance at religious services. In later years, those same states also experienced higher rates of deaths of despair.




Mortality Trends Before and After Opioids

Oostrom noted that deaths of despair among middle-aged white Americans had been steadily declining from the late 1970s through the early 1990s. That decline eventually stalled, a shift that aligns with both falling church attendance and the repeal of blue laws.

After OxyContin was introduced in 1996, mortality rates rose sharply.

"OxyContin and the opioid crisis made a bad situation worse, but the deaths of despair were already on the rise," Oostrom said.

Why Churchgoing May Matter for Health

The study raises an important question: how could lower church attendance contribute to higher death rates?

Oostrom explained that people who stop attending religious services often lose social ties, which past research has shown play a crucial role in physical and mental health. However, the findings suggest that social connection alone does not fully explain the pattern.

The researchers did not observe similar declines in other types of social activities during the same period when church attendance was falling.

"Religion may provide some way of making sense of the world, some sense of identity in relation to others, that can't easily be replaced by other forms of socialization," Oostrom said.

She also emphasized that belief itself did not fade during the years studied.

"What changed is whether people identified as religious and whether they go to church. Those are the things that matter when it comes to deaths of despair," she said.

Can Community Participation Reverse the Trend?

The findings raise the possibility that renewed involvement in religious organizations or even secular community groups might help counter rising mortality rates. However, the authors caution that existing evidence does not offer much optimism.

"To our knowledge, findings on this point have so far been pessimistic," the researchers wrote.

Oostrom added that there is no clear sign that broader declines in community participation are reversing. She also noted that the positive effects of religious involvement on life satisfaction are difficult to reproduce through other forms of social engagement.

The growing role of social media in the 21st century may further reduce the likelihood of a meaningful reversal, she said.

"People are less religious now, and there hasn't been a substitute that provides what religion provided to many people. And our paper suggests this could have long-term impacts on health and mortality," Oostrom said.
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The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's | ScienceDaily
When people picture DNA, they often imagine a set of genes that shape our physical traits, influence behavior, and help keep our cells and organs functioning.


						
But genes make up only a small slice of our genetic code. Just around 2% of DNA contains our 20,000-odd genes. The other 98% has long been labelled the non-coding genome, or so-called 'junk' DNA. This larger portion includes many of the control switches that determine when genes turn on and how strongly they act.

Astrocytes and hidden DNA switches in the brain

Researchers from UNSW Sydney have now pinpointed DNA switches that help regulate astrocytes. Astrocytes are brain cells that support neurons, and they are known to be involved in Alzheimer's disease.

In research published on December 18 in Nature Neuroscience, a team from UNSW's School of Biotechnology & Biomolecular Sciences reported that they tested nearly 1000 possible switches in lab-grown human astrocytes. These switches are strings of DNA called enhancers. Enhancers can sit far from the genes they influence, sometimes separated by hundreds of thousands of DNA letters, which makes them difficult to investigate.

Testing nearly 1000 enhancers at once

To tackle that problem, the researchers combined CRISPRi with single-cell RNA sequencing. CRISPRi is a method that can switch off small stretches of DNA without cutting it. Single-cell RNA sequencing measures gene activity in individual cells. Together, the tools let the team examine the effects of nearly 1000 enhancers in a single large-scale test.




"We used CRISPRi to turn off potential enhancers in the astrocytes to see whether it changed gene expression," says lead author Dr. Nicole Green.

"And if it did, then we knew we'd found a functional enhancer and could then figure out which gene -- or genes -- it controls. That's what happened for about 150 of the potential enhancers we tested. And strikingly, a large fraction of these functional enhancers controlled genes implicated in Alzheimer's disease."

Cutting the list from 1000 candidates to about 150 confirmed switches greatly reduces the search area in the non-coding genome for genetic clues linked to Alzheimer's disease.

"These findings suggest that similar studies in other brain cell types are needed to highlight the functional enhancers in the vast space of non-coding DNA"

Why "in-between" DNA matters for many diseases

Professor Irina Voineagu, who oversaw the study, says the results also provide a useful reference for interpreting other genetic research. The team's findings create a catalogue of DNA regions that can help explain results from studies looking for disease-related genetic changes.




"When researchers look for genetic changes that explain diseases like hypertension, diabetes and also psychiatric and neurodegenerative disorders like Alzheimer's disease -- we often end up with changes not within genes so much, but in-between," she says.

Her team directly tested those "in-between" stretches in human astrocytes and showed which enhancers truly control key brain genes.

"We're not talking about therapies yet. But you can't develop them unless you first understand the wiring diagram. That's what this gives us -- a deeper view into the circuitry of gene control in astrocytes."

From gene switches to AI prediction models

Running nearly a thousand enhancer tests in the lab took painstaking effort. The researchers say this is the first time a CRISPRi enhancer screen of this size has been carried out in brain cells. Now that the groundwork has been done, the dataset can also be used to train computer models to predict which suspected enhancers are real gene switches, potentially saving years of lab work.

"This dataset can help computational biologists test how good their prediction models are at predicting enhancer function," says Prof. Voineagu.

She adds that Google's DeepMind team is already using the dataset to benchmark their recent deep learning model called AlphaGenome.

Potential tools for gene therapy and precision medicine

Because many enhancers are active only in specific cell types, targeting them could offer a way to fine-tune gene expression in astrocytes without changing neurons or other brain cells.

"While this is not close to being used in the clinic yet -- and much work remains before these findings could lead to treatments -- there is a clear precedent," Prof. Voineagu says.

"The first gene editing drug approved for a blood disease -- sickle cell anemia -- targets a cell-type specific enhancer."

Dr. Green says enhancer research could become an important part of precision medicine.

"This is something we want to look at more deeply: finding out which enhancers we can use to turn genes on or off in a single brain cell type, and in a very controlled way," she says.
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An 11-year-old needed two new organs and doctors made history | ScienceDaily
Children's Hospital Colorado (Children's Colorado) has completed its first-ever dual heart and liver transplant, marking a major milestone for the hospital. The complex procedure involved dozens of specialists working across 25 multidisciplinary care teams. Nationwide, only 38 pediatric patients have previously received both a heart and liver transplant.


						
"Performing Children's Colorado's first-ever heart and liver dual organ transplant is an amazing accomplishment for our Pediatric Transplant Program," said Dr. Megan Adams, surgical director of the Pediatric Liver Transplant and Kidney Transplant Programs. "Thanks to years of dedication and a team committed to being the trusted leaders in pediatric transplant across our seven-state region, we're grateful to provide this level of care to even more kids who need complex organ transplants to treat life-threatening illnesses and help them live healthy and happy lives."

Years of Preparation Lead to a Life-Saving Moment

Care teams at Children's Colorado had spent years preparing for the possibility of a dual heart and liver transplant. Close coordination among specialists in surgery, cardiology, hepatology, and other fields, along with strong backing from hospital leadership, ensured the team was ready when 11-year-old Gracie Greenlaw and her family needed help.

Gracie was born with hypoplastic left heart syndrome (HLHS), a condition in which her heart developed with only one functioning pumping chamber. Before turning three, she underwent three major surgeries, the Norwood, the Glenn and the Fontan, to allow her heart to circulate blood effectively. Although many children with HLHS now survive into adulthood, the condition and its treatments can lead to serious long-term complications, including liver damage and liver failure.

Managing the Long-Term Effects of Congenital Heart Disease

To address these ongoing challenges, Children's Colorado established the Fontan Multidisciplinary Clinic in 2016 as part of its Single Ventricle Program. The clinic focuses on caring for patients with HLHS and other single ventricle conditions, such as tricuspid atresia and unbalanced common atrioventricular canal, by providing coordinated, whole-patient care.




Through this program, Gracie received continuous monitoring and treatment for both her heart and liver. Her care team included experts like cardiologist Dr. Kathleen Simpson and hepatologist Dr. Dania Brigham, who worked together to manage her condition until a transplant became the best option.

"The Fontan is a lifesaving surgery, but the longer someone lives after the procedure, there is an increased chance of developing comorbidities," Simpson said. "Our care team worked to keep her healthy and living a typical day-to-day life as long as possible before we determined a dual organ transplant would give her the best long-term quality of life."

Preparing for a Complex Dual Organ Transplant

For years, Gracie lived with plastic bronchitis, a condition that causes thick, protein-like material to build up in the airways. Over the past year, her symptoms worsened, and signs of liver failure began to appear. Her medical team concluded that moving forward with a dual transplant was necessary, and she was placed on the transplant waitlist in April.

In preparation, dozens of specialists met regularly to plan for the surgery. They carefully accounted for the challenges of transplanting two organs at once, including differences in blood volume needs and electrolyte management during the operation.

A Carefully Orchestrated 16-Hour Surgery

Less than a month after joining the waitlist, compatible donor organs became available, made possible by another family's decision to donate. Because the heart can only remain viable for a short time, the surgical team began with the heart transplant. Dr. Matthew Stone, surgical director of the Pediatric Heart Transplant Program, and congenital heart surgeon Dr. Emily Downs led the nine-hour procedure.




While the heart surgery was underway, the donor liver was maintained on a TransMedics Organ Care System -- a specialized device designed to replicate normal liver function. This technology preserved the liver and allowed the heart surgeons the time they needed to complete their work. Dr. Adams and transplant surgeon Dr. Kendra Conzen then performed the liver transplant, which took an additional seven hours. Throughout the process, close coordination with anesthesiology teams was essential to protect Gracie's health.

Recovery and a Return to Everyday Life

The surgery was successful. Gracie left the cardiac progress care unit just over a month later. Seven months after the transplant, she continues to attend monthly follow-up visits, but she has returned to school and is back home with her dogs.

Like other pediatric heart transplant recipients, Gracie will need another heart transplant later in life. Her transplanted liver, however, is expected to last for the rest of her lifetime.

"This procedure showcases the expertise, talent and level of care Children's Colorado provides to our patients, including those with complex medical needs," said Dr. Duncan Wilcox, Surgeon in Chief. "As the top-ranked pediatric hospital in Colorado and the Rocky Mountain region, we are proud of our leading-edge transplant care and look forward to supporting more patients who need dual organ transplants in the future."
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Neurons aren't supposed to regrow but these ones brought back vision | ScienceDaily
For decades, neuroscientists have taught that neurons do not regenerate once they are damaged or destroyed. This belief has shaped how brain injuries are understood and treated. Yet people often regain at least some lost abilities after trauma, raising an important question: if neurons do not grow back, how does recovery happen?


						
A new JNeurosci paper offers insight into this puzzle. Athanasios Alexandris and colleagues at Johns Hopkins University used mice to study what happens inside the visual system after traumatic brain injury. The visual system includes cells in the eye that send information to the brain, allowing animals and humans to see. Damage to this system can disrupt communication between the eye and the brain, leading to vision problems.

Surviving Cells Rebuild Eye to Brain Connections

After injury, the researchers closely tracked the connections between cells in the eye and neurons in the brain. Instead of finding widespread regrowth of new cells, they observed something different. The cells that survived the injury began to adapt.

These surviving cells grew extra branches, which allowed them to connect with more neurons in the brain than before. This process, known as sprouting, helped compensate for cells that were lost due to injury. Over time, the number of connections between the eye and the brain returned to levels similar to those seen before the injury occurred.

Importantly, these rebuilt connections were not just structural. Measurements of brain activity showed that the new pathways were working properly and could transmit signals effectively. In practical terms, this means the visual system was able to function again despite the damage.

Sex Differences in Visual System Recovery

The study also revealed a significant difference between male and female mice. While male mice showed strong recovery through this compensatory sprouting process, female mice experienced slower or incomplete repair. The eye to brain connections in females did not always fully return to preinjury levels.

According to the authors, these findings point to a recovery mechanism that operates differently depending on sex. As Alexandris explains, "We didn't expect to see sex differences, but this aligns with clinical observations in humans. Women experience more lingering symptoms from concussion or brain injury than men. Understanding the mechanism behind the branch sprouting we observed -- and what delays or prevents this mechanism in females -- could eventually point toward strategies to promote recovery from traumatic or other forms of neural injury."

The research team plans to continue investigating why this repair process differs between females and males. By uncovering the biological factors that influence neural recovery, they hope to identify new ways to improve healing after brain injuries, including concussions and other forms of trauma.
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Helping others for a few hours a week may slow brain aging | ScienceDaily
Strong social ties are often linked to better health, and new research adds a brain benefit to that list. Researchers from The University of Texas at Austin and University of Massachusetts Boston report that regularly helping people outside your household can noticeably slow cognitive decline in middle-age and older adults.


						
In a study that followed more than 30,000 adults in the U.S. for two decades, people who consistently helped others outside the home showed a slower rate of age-related cognitive decline. The researchers found the decline was reduced by about 15%-20% among those who either volunteered formally or helped in informal ways, such as supporting neighbors, family, or friends. The strongest and most consistent benefit appeared when people spent about two to four hours per week helping others.

The findings were published recently in Social Science & Medicine. The work was supported by funding from the National Institute on Aging at the National Institutes of Health and the Eunice Kennedy Shriver National Institute of Child Health and Human Development.

"Everyday acts of support -- whether organized or personal -- can have lasting cognitive impact," said Sae Hwang Han, an assistant professor of human development and family sciences at UT who led the study. "What stood out to me was that the cognitive benefits of helping others weren't just short-term boosts but cumulative over time with sustained engagement, and these benefits were evident for both formal volunteering and informal helping. And in addition to that, moderate engagement of just two to four hours was consistently linked to robust benefits."

Formal volunteering and informal helping both mattered

The study is among the first to examine formal volunteering and informal helping side by side. Informal helping can include giving someone a ride to a health appointment, watching children, doing lawn work, or helping prepare taxes for a neighbor, relative, or friend.

Previous reports suggest about 1 in 3 older Americans take part in scheduled or formal volunteering. In contrast, more than half regularly help people they know in these less formal ways.




"Informal helping is sometimes assumed to offer fewer health benefits due to its lack of social recognition," Han said. But in fact, "It was a pleasant surprise to find that it provides cognitive benefits comparable to formal volunteering."

Long-term national data strengthens the findings

To study these patterns over time, the researchers analyzed longitudinal data from the national Health and Retirement Study. The dataset includes a representative sample of U.S. residents over age 51, with information dating back to 1998.

The researchers accounted for other factors that can shape both helping behavior and cognitive health, including wealth, physical and mental health, and education. Even after considering those influences, cognitive decline tended to slow when people started helping others and continued to do so. The results also suggest that the benefits may grow when helping becomes a steady routine year after year.

"Conversely, our data show that completely withdrawing from helping is associated with worse cognitive function," Han said. "This suggests the importance of keeping older adults engaged in some form of helping for as long as possible, with appropriate supports and accommodations in place."

Why this may matter for public health and aging

The researchers argue these results strengthen the case for thinking about volunteering, helping, and neighborhood connection as public health issues. This may be especially important later in life, when conditions tied to cognitive decline and impairment, including Alzheimer's, are more likely to develop.




The paper also points to related work by the same lead researcher. Another recent study led by Han found that volunteering helped counter the harmful effects of chronic stress on systemic inflammation -- a known biological pathway linked to cognitive decline and dementia. The benefit was strongest among people with higher levels of inflammation.

Taken together, these findings suggest helping others may support brain health in more than one way. It may reduce the physical strain linked to stress, and it may strengthen social bonds that provide psychological, emotional, and cognitive support. As societies age and concerns about loneliness and isolation grow, the results also support continued efforts to keep people involved in ways that let them contribute, even after cognitive decline has begun.

"Many older adults in suboptimal health often continue to make valuable contributions to those around them," Han said, "and they also may be the ones to especially benefit from being provided with opportunities to help."

Other authors on the study were former UT postdoctoral researcher Shiyang Zhang and Jeffrey Burr of the University of Massachusetts Boston.
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Scientists found a new way to slow aging inside cells | ScienceDaily
People around the world are living longer than ever, and that shift is changing what many want from aging. The goal is no longer just more years, but more good years. That has put new attention on "healthspan," the stretch of life when someone remains energetic, independent, and generally free of serious age-related problems.


						
A major focus of this effort is the mitochondria, often called the powerhouse of the cell. These structures generate the energy that keeps cells running by producing adenosine triphosphate (ATP). Because aging and many age-related diseases are closely tied to declining mitochondrial function, scientists see mitochondria as an important target for research aimed at healthier longevity.

Mitochondrial supercomplexes and the energy pipeline

Inside mitochondria, energy production depends on respiratory chain complexes. These molecules move protons and electrons in ways that ultimately allow cells to make ATP. Researchers have known for years that these complexes can assemble into larger, flexible groupings called supercomplexes. These supercomplexes are thought to improve the efficiency of mitochondrial respiration.

Even so, solid evidence that directly connects supercomplexes to clear health benefits has been limited, especially from studies in animals. That gap has left an important question unresolved: do these structures actually make a measurable difference for aging and overall health?

The COX7RP protein under the microscope

To explore this, a team led by Team Leader Satoshi Inouefrom the Tokyo Metropolitan Institute for Geriatrics and Gerontology in Japan examined COX7RP, a mitochondrial protein that helps supercomplexes form. Their new study, co-authored by Dr. Kazuhiro Ikeda from Saitama Medical University in Japan, appeared in the journal Aging Cell.




"We previously identified COX7RP, a mitochondrial protein, as a key factor that promotes the formation of mitochondrial respiratory supercomplexes, thereby enhancing energy production and reducing reactive oxygen species (ROS) that cause oxidative stress in cells," explains Dr. Inoue. "Based on this, we investigated the role of COX7RP and mitochondrial respiratory supercomplexes in regulating aging and anti-aging processes."

Engineered mice lived longer and stayed healthier

The researchers created COX7RP-transgenic (COX7RP-Tg) mice that were designed to produce higher levels of COX7RP throughout their lives. With this model, the team could closely track how the protein affected lifespan, aging-related changes, and metabolism.

The results were striking. On average, the COX7RP-Tg mice lived 6.6% longer than wild-type mice. The benefits were not limited to lifespan alone, since the engineered mice also showed signs of better healthspan. They had improved glucose homeostasis due to greater insulin sensitivity, as well as improved lipid measures with lower blood triglycerides and total cholesterol. The team also found better muscle endurance and less fat buildup in the liver.

Stronger mitochondria and fewer aging signals

At the cellular level, the data pointed to a clear improvement in mitochondrial performance. In tissues from COX7RP-Tg mice, the formation of mitochondrial respiratory supercomplexes increased, and ATP production rose as well.




A closer look at white adipose tissue revealed shifts in multiple aging-related biomarkers. The mice showed higher levels of coenzyme NAD+, lower levels of ROS, and reduced levels of the cellular aging marker b-galactosidase. Using single-nucleus RNA sequencing on white adipose tissue from older mice, the researchers also found reduced activity in genes associated with age-related inflammation. This included genes tied to the senescence-associated secretory phenotype (SASP), a prototypic characteristic of senescent cells.

Why this could matter for healthy aging

Taken together, the findings suggest that making mitochondria more energy efficient may help delay or reduce common problems linked to aging. "Our study elucidated novel mitochondrial mechanisms underlying anti-aging and longevity, and provided new insights into strategies for promoting healthspan and extending lifespan," highlights Dr. Inoue. "For instance, supplements and medications that enhance the assembly and function of mitochondrial respiratory supercomplexes may contribute to longevity expansion."

The researchers say additional work could strengthen the case for mitochondrial supercomplexes as treatment targets. If confirmed, this line of research could support new approaches to preserving vitality and addressing age-related metabolic disorders including diabetes, dyslipidemia, and obesity.

This work was supported by grants of the Japan Society for the Promotion of Science (23K07996, 24K02505, 22K06929, 23H02962, 24K21297); the Integrated Research Initiative for Living Well with Dementia at the Tokyo Metropolitan Institute for Geriatrics and Gerontology; the Takeda Science Foundation; and the Vehicle Racing Commemorative Foundation. This research was also supported by AMED under Grant Number JP25gm2110001.
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Glowing neurons let scientists watch the brain work in real time | ScienceDaily
About ten years ago, researchers began exploring a bold idea: using bioluminescent light to see what the brain is doing in real time. Instead of shining light onto brain tissue from the outside, they wondered whether neurons could be made to glow on their own.


						
"We started thinking: 'What if we could light up the brain from the inside?'" said Christopher Moore, a professor of brain science at Brown University. "Shining light on the brain is used to measure activity -- usually through a process called fluorescence -- or to drive activity in cells to test what role they play. But shooting lasers at the brain has down sides when it comes to experiments, often requiring fancy hardware and a lower rate of success. We figured we could use bioluminescence instead."

Building the Bioluminescence Hub

That idea helped launch the Bioluminescence Hub at Brown University's Carney Institute for Brain Science in 2017. Supported by a major grant from the National Science Foundation, the hub brought together collaborators including Moore (associate director of the Carney Institute), Diane Lipscombe (the institute's director), Ute Hochgeschwender (at Central Michigan University), and Nathan Shaner (at the University of California San Diego).

The team set out to create and share new neuroscience tools by giving cells in the nervous system the ability to produce light and respond to it.

A New Tool for Watching Neurons Glow

In a study published in Nature Methods, the researchers described a new bioluminescent imaging tool they developed. Known as the Ca2+ BioLuminescence Activity Monitor -- or "CaBLAM," for short -- the tool can capture activity within individual cells and even smaller cellular regions at high speed. It works effectively in mice and zebrafish, supports recordings that last for hours, and does not require any external light source.




Moore said Shaner, an associate professor of neuroscience and pharmacology at U.C. San Diego, led the effort to design the molecular device behind CaBLAM. "CaBLAM is a really amazing molecule that Nathan created," Moore said. "It lives up to its name."

Why Measuring Brain Activity Matters

Tracking the activity of living brain cells is critical for understanding how organisms function, Moore explained. Today, the most common way to do this relies on fluorescence-based genetically encoded calcium-ion indicators.

"In the way fluorescence works, you shine light beams at something, and you get a different wavelength of light beams back," said Moore, who directs the Bioluminescence Hub. "You can make that process calcium-sensitive so you can get proteins that will shift back a different amount or different color of light, depending on whether or not calcium is present, with a bright signal."

Although fluorescence techniques are widely used, Moore said they come with major drawbacks. Prolonged exposure to intense external light can harm brain cells. Over time, that illumination can also alter the fluorescent molecules themselves so they no longer emit enough light, a problem known as photobleaching that limits how long experiments can run. In addition, delivering light to the brain requires equipment like lasers and optical fibers, which makes experiments more invasive.

Why Bioluminescence Offers Clear Advantages

Bioluminescent imaging works differently. Light is generated when an enzyme breaks down a specific small molecule, meaning no bright external light is needed. As a result, there is no photobleaching and no phototoxic damage, making the approach safer for delicate brain tissue.




It also produces cleaner images.

"Brain tissue already glows faintly on its own when hit by external light, creating background noise," Shaner said. "On top of that, brain tissue scatters light, blurring both the light going in and the signal coming back out. This makes images dimmer, fuzzier, and harder to see deep inside the brain. The brain does not naturally produce bioluminescence, so when engineered neurons glow on their own, they stand out against a dark background with almost no interference. And with bioluminescence, the brain cells act like their own headlights: You only have to watch the light coming out, which is much easier to see even when scattered through tissue."

Moore noted that scientists have discussed using bioluminescence to study brain activity for decades, but until now, no one had succeeded in making the light bright enough for detailed imaging.

The Insights That Made CaBLAM Possible

"The current paper is exciting for a lot of reasons," Moore said. "These new molecules have provided, for the first time, the ability to see single cells independently activated, almost as if you're using a very special, sensitive movie camera to record brain activity while it's happening."

Using CaBLAM, researchers can observe how a single neuron behaves inside a living animal, including activity within different parts of the cell. In the study, the team reported a continuous five-hour recording session, something that would not be possible with traditional fluorescence-based methods.

"For studying complex behavior or learning, bioluminescence allows one to capture the entire process, with less hardware involved," Moore said.

Beyond Imaging the Brain

The CaBLAM project is part of a larger effort at the hub to invent new ways to observe and control brain activity. One experiment involves a living cell sending out a flash of light that a nearby cell can detect, allowing neurons to communicate using light itself (what Moore calls, "rewiring the brain with light"). The team is also developing techniques that use calcium to regulate cellular activity.

As these projects evolved, the researchers realized they all depended on having brighter and more effective calcium sensors. That need has become a central focus of the hub's work, Moore said.

"We made sure that as a center that's trying to push the field forward, we created the necessary component pieces," Moore said.

A Tool With Broader Potential

Moore believes CaBLAM could eventually be applied beyond neuroscience to study activity in other parts of the body.

"This advance allows a whole new range of options for seeing how the brain and body work," Moore said, "including tracking activity in multiple parts of the body at once."

He added that the achievement highlights the strength of collaborative research. At least 34 scientists contributed to the project, representing Bioluminescence Hub partners such as Brown University, Central Michigan University, U.C. San Diego, the University of California Los Angeles, and New York University. The work was supported by funding from the National Institutes of Health, the National Science Foundation, and the Paul G. Allen Family Foundation.
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        A Christmas tree 80 light-years wide appears in space
        This Christmas, astronomers are highlighting a spectacular region of space that looks remarkably like a glowing holiday tree. Known as NGC 2264, this distant star-forming region sits about 2,700 light-years away and is filled with newborn stars lighting up clouds of gas and dust. The stars form a triangular shape called the Christmas Tree cluster, crowned by the dramatic Cone Nebula and wrapped in the swirling Fox Fur Nebula below. Together, these features create a festive cosmic scene spanning n...

      

      
        Astronomers discover one of the Universe's largest spinning structures
        Scientists have discovered a giant cosmic filament where galaxies spin in sync with the structure that holds them together. The razor-thin chain of galaxies sits inside a much larger filament that appears to be slowly rotating as a whole. This coordinated motion is far stronger than expected by chance and hints that galaxy spin may be inherited from the cosmic web itself. The finding opens a new window into how galaxies formed and how matter flows across the Universe.

      

      
        What are asteroids really made of? New analysis brings space mining closer to reality
        Scientists are digging into the hidden makeup of carbon-rich asteroids to see whether they could one day fuel space exploration--or even be mined for valuable resources. By analyzing rare meteorites that naturally fall to Earth, researchers have uncovered clues about the chemistry, history, and potential usefulness of these ancient space rocks. While large-scale asteroid mining is still far off, the study highlights specific asteroid types that may be promising targets, especially for water extrac...

      

      
        This new 3D chip could break AI's biggest bottleneck
        Researchers have created a new kind of 3D computer chip that stacks memory and computing elements vertically, dramatically speeding up how data moves inside the chip. Unlike traditional flat designs, this approach avoids the traffic jams that limit today's AI hardware. The prototype already beats comparable chips by several times, with future versions expected to go much further. Just as important, it was manufactured entirely in a U.S. foundry, showing the technology is ready for real-world prod...

      

      
        Physicists found a way to make thermodynamics work in the quantum world
        More than 200 years ago, Count Rumford showed that heat isn't a mysterious substance but something you can generate endlessly through motion. That insight laid the foundation for thermodynamics, the rules that govern energy, work, and disorder. Now, researchers at the University of Basel are pushing those rules into the strange realm of quantum physics, where the line between useful energy and random motion becomes blurry.

      

      
        "Purifying" photons: Scientists found a way to clean light itself
        A new discovery shows that messy, stray light can be used to clean up quantum systems instead of disrupting them. University of Iowa researchers found that unwanted photons produced by lasers can be canceled out by carefully tuning the light itself. The result is a much purer stream of single photons, a key requirement for quantum computing and secure communication. The work could help push photonic quantum technology closer to real-world use.

      

      
        This simulation reveals what really happens near black holes
        Black holes are among the most extreme objects in the universe, and now scientists can model them more accurately than ever before. By combining Einstein's gravity with realistic behavior of light and matter, researchers have built simulations that closely match real astronomical observations. These models reveal how matter forms chaotic, glowing disks and launches powerful outflows as it falls into black holes. It's a major step toward decoding how these cosmic engines actually work.

      

      
        Physicists made atoms behave like a quantum circuit
        Using ultracold atoms and laser light, researchers recreated the behavior of a Josephson junction--an essential component of quantum computers and voltage standards. The appearance of Shapiro steps in this atomic system reveals a deep universality in quantum physics and makes elusive microscopic effects visible for the first time.

      

      
        This AI finds simple rules where humans see only chaos
        A new AI developed at Duke University can uncover simple, readable rules behind extremely complex systems. It studies how systems evolve over time and reduces thousands of variables into compact equations that still capture real behavior. The method works across physics, engineering, climate science, and biology. Researchers say it could help scientists understand systems where traditional equations are missing or too complicated to write down.

      

      
        Subaru Telescope reveals a hidden giant planet
        Astronomers have uncovered a massive hidden planet and a rare "failed star" by combining ultra-precise space data with some of the sharpest ground-based images ever taken. Using the Subaru Telescope in Hawai`i, the OASIS survey tracked subtle stellar wobbles to pinpoint where unseen worlds were lurking--then captured them directly.

      

      
        A new tool is revealing the invisible networks inside cancer
        Spanish researchers have created a powerful new open-source tool that helps uncover the hidden genetic networks driving cancer. Called RNACOREX, the software can analyze thousands of molecular interactions at once, revealing how genes communicate inside tumors and how those signals relate to patient survival. Tested across 13 different cancer types using international data, the tool matches the predictive power of advanced AI systems--while offering something rare in modern analytics: clear, inter...

      

      
        What scientists found inside Titan was not what anyone expected
        For years, scientists thought Saturn's moon Titan hid a global ocean beneath its frozen surface. A new look at Cassini data now suggests something very different: a thick, slushy interior with pockets of liquid water rather than an open sea. A subtle delay in how Titan deforms under Saturn's gravity revealed this stickier structure. These slushy environments could still be promising places to search for life.

      

      
        Scientists unlocked a superconductor mystery under crushing pressure
        Superconductors promise loss-free electricity, but most only work at extreme cold. Hydrogen-rich materials changed that--yet their inner workings remained hidden because they only exist under enormous pressure. Now, researchers have directly measured the superconducting state of hydrogen sulfide using a novel tunneling method, confirming how its electrons pair so efficiently. The discovery brings room-temperature superconductors a step closer to reality.

      

      
        Astrophysicists map the invisible universe using warped galaxies
        By studying tiny distortions in the shapes of distant galaxies, scientists mapped dark matter and dark energy across one of the largest sky surveys ever assembled. Their results back the standard picture of the universe and show that even archival telescope images can unlock cosmic mysteries.

      

      
        The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's
        Researchers have revealed that so-called "junk DNA" contains powerful switches that help control brain cells linked to Alzheimer's disease. By experimentally testing nearly 1,000 DNA switches in human astrocytes, scientists identified around 150 that truly influence gene activity--many tied to known Alzheimer's risk genes. The findings help explain why many disease-linked genetic changes sit outside genes themselves. The resulting dataset is now being used to train AI systems to predict gene contr...

      

      
        NASA just caught a rare glimpse of an interstellar comet
        An instrument aboard NASA's Europa Clipper spacecraft captured rare ultraviolet observations of an interstellar comet while Earth-based telescopes were blinded by the Sun. The spacecraft's unique position provided an unprecedented look at the comet's dust and plasma tails from an unusual angle. Scientists detected hydrogen, oxygen, and signs of intense gas release, hinting at powerful activity after the comet's closest approach to the Sun. The findings may reveal clues about how comets form aroun...

      

      
        Earth may have been ravaged by "invisible" explosions from space
        Cosmic "touchdown airbursts" -- explosions of comets or asteroids above Earth's surface -- may be far more common and destructive than previously thought, according to new research. Unlike crater-forming impacts, these events unleash extreme heat and pressure without leaving obvious scars, making them harder to detect.

      

      
        Gravitational waves may reveal hidden dark matter around black holes
        Gravitational waves from black holes may soon reveal where dark matter is hiding. A new model shows how dark matter surrounding massive black holes leaves detectable fingerprints in the waves recorded by future space observatories.
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A Christmas tree 80 light-years wide appears in space | ScienceDaily


						
[image: A Christmas Tree in Space]
 This Christmas, the universe shows off its own glowing Christmas tree, built from newborn stars deep in the Milky Way. Credit & Copyright: Michael Kalika

 




						NGC 2264 is a large and active region of space where new stars are forming, located about 2,700 light years from Earth. It lies within the faint but imaginative constellation Monoceros, which represents a unicorn in star maps. Astronomers assign catalog numbers like NGC 2264 to help identify and study deep space objects, especially those made of gas, dust, and young stars. This region is positioned near the celestial equator and close to the flat disk of the Milky Way, which makes it visible from many locations on Earth during certain seasons.

Glowing Nebulae and Dark Cosmic Dust

The scene is filled with enormous clouds of interstellar gas and dust, the raw ingredients needed to form stars. As young stars ignite within these clouds, they release intense energy that causes surrounding hydrogen gas to glow red. These glowing regions are known as emission nebulae. Dark dust clouds thread through the area as well, blocking light from stars behind them and creating dramatic shadows. In places where this dust lies close to hot, newly formed stars, it reflects their light instead of absorbing it, producing soft blue regions called reflection nebulae.

The Christmas Tree Star Cluster

Near the center of NGC 2264 is S Monocerotis, a bright variable star whose brightness changes over time. This star is surrounded by a noticeable blue glow caused by reflected starlight from nearby dust. Above S Monocerotis, a group of young stars forms a simple triangular pattern. Because of this distinctive shape, the cluster has become widely known as the Christmas Tree star cluster.

The Cone Nebula and the Fox Fur Nebula

At the top of this star filled scene sits the Cone Nebula, a tall structure of gas and dust shaped by powerful radiation from nearby young stars. Beneath it spreads a tangled and glowing cloud called the Fox Fur Nebula, named for its textured, fur like appearance. These features are constantly being reshaped as energetic starlight pushes and sculpts the surrounding material.

Immense Size on a Galactic Scale

When viewed through a telescope, the entire region stretches about 1.5 degrees from top to bottom, which is roughly the width of three full moons lined up in the sky. At a distance of 2,700 light years, that apparent size corresponds to a real span of nearly 80 light years. This immense scale highlights just how vast and dynamic this stellar nursery truly is.
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Astronomers discover one of the Universe's largest spinning structures | ScienceDaily
An international research team led by the University of Oxford has identified one of the largest rotating structures ever observed. The object is a razor thin chain of galaxies embedded within a vast cosmic filament located about 140 million light years from Earth. The results were published in Monthly Notices of the Royal Astronomical Society and may provide important clues about how galaxies formed in the early Universe.


						
Cosmic filaments are the biggest known structures in the Universe. They are enormous thread like networks of galaxies and dark matter that create the framework of the cosmic web. These filaments also act as pathways that funnel matter and angular momentum into galaxies. Nearby filaments where many galaxies spin in the same direction, and where the entire structure itself appears to rotate, are especially valuable for studying how galaxies acquired their spin and gas. They also offer a way to test ideas about how rotation develops across tens of millions of light years.

A Razor Thin Line of Gas Rich Galaxies

In this study, researchers identified 14 nearby galaxies rich in hydrogen gas arranged in a narrow, elongated line measuring about 5.5 million light years in length and roughly 117,000 light years across. This thin structure lies within a much larger cosmic filament that stretches about 50 million light years and contains more than 280 additional galaxies. Many of the galaxies in the thin strand appear to be rotating in the same direction as the filament itself, far more often than would be expected if their orientations were random. This finding challenges existing models and suggests that large scale cosmic structures may shape galaxy rotation more strongly or over longer periods than previously believed.

The team also found that galaxies on opposite sides of the filament's central spine are moving in opposite directions. This pattern indicates that the entire filament is rotating as a single structure. By applying models of filament dynamics, the researchers estimated a rotation speed of about 110 km/s and calculated that the dense central region of the filament has a radius of approximately 50 kiloparsecs (about 163,000 light years).

Galaxies Like Teacups on a Spinning Ride

Co lead author Dr. Lyla Jung (Department of Physics, University of Oxford) explained why the discovery stands out: "What makes this structure exceptional is not just its size, but the combination of spin alignment and rotational motion. You can liken it to the teacups ride at a theme park. Each galaxy is like a spinning teacup, but the whole platform- the cosmic filament -is rotating too. This dual motion gives us rare insight into how galaxies gain their spin from the larger structures they live in."

The filament appears to be relatively young and largely undisturbed. Its abundance of gas rich galaxies and its low internal motion, described as a so called "dynamically cold" state, suggest it is still in an early stage of development. Because hydrogen is the key ingredient for forming new stars, galaxies with large hydrogen reserves are actively collecting or holding onto the fuel needed for star formation. Studying these systems offers a valuable view into early or ongoing phases of galaxy evolution.




Tracing Gas Flows Through the Cosmic Web

Hydrogen rich galaxies also serve as effective tracers of how gas moves along cosmic filaments. Atomic hydrogen is easily influenced by motion, making it especially useful for revealing how gas flows through filaments and into galaxies. These observations help scientists understand how angular momentum moves through the cosmic web and shapes galaxy structure, rotation, and star formation.

The discovery may also help refine models of intrinsic galaxy alignments, which can interfere with measurements in upcoming weak lensing surveys. These include missions such as the European Space Agency's Euclid spacecraft and observations from the Vera C. Rubin Observatory in Chile.

Co lead author Dr. Madalina Tudorache (Institute of Astronomy, University of Cambridge / Department of Physics, University of Oxford) said: "This filament is a fossil record of cosmic flows. It helps us piece together how galaxies acquire their spin and grow over time."

Combining Powerful Telescopes and Surveys

The research team used data from South Africa's MeerKAT radio telescope, one of the most powerful radio observatories in the world, made up of 64 interconnected dishes. The spinning filament was identified through a deep sky survey known as MIGHTEE, led by Professor of Astrophysics Matt Jarvis (Department of Physics, University of Oxford). The radio data were combined with optical observations from the Dark Energy Spectroscopic Instrument (DESI) and the Sloan Digital Sky Survey (SDSS), revealing a cosmic filament that shows both coordinated galaxy spin and large scale rotation.

Professor Jarvis said: "This really demonstrates the power of combining data from different observatories to obtain greater insights into how large structures and galaxies form in the Universe. Such studies can only be achieved by large groups with diverse skillsets, and in this case, it was really made possible by winning an ERC Advanced Grant/UKIR Frontiers Research Grant, which funded the co-lead authors."

The study also included researchers from University of Cambridge, University of the Western Cape, Rhodes University, South African Radio Astronomy Observatory, University of Hertfordshire, University of Bristol, University of Edinburgh, and University of Cape Town.
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What are asteroids really made of? New analysis brings space mining closer to reality | ScienceDaily
Scientists still have much to learn about what small asteroids are made of. These rocky bodies may contain valuable metals, ancient material left over from the formation of the solar system, and chemical clues that reveal the history of their original parent bodies. Because of this, they are increasingly viewed as possible sources of future space resources.


						
A research team led by the Institute of Space Sciences (ICE-CSIC) examined samples linked to C-type asteroids, carbon rich objects that are believed to be the original sources of carbonaceous chondrites. Their results, published in the Monthly Notices of the Royal Astronomical Society, strengthen the case that these asteroids could serve as important material reservoirs. The findings also help scientists identify where these meteorites came from and support planning for future space missions and resource extraction technologies.

Rare Meteorites From Ancient Asteroids

Carbonaceous chondrites arrive on Earth naturally, but they account for only about 5% of all meteorite falls. Many are extremely fragile and break apart before they can be recovered, which makes them especially rare. When they are found, it is often in desert environments such as the Sahara or Antarctica, where preservation conditions are favorable.

"The scientific interest in each of these meteorites is that they sample small, undifferentiated asteroids, and provide valuable information on the chemical composition and evolutionary history of the bodies from which they originate," says Josep M. Trigo-Rodriguez, the study's lead author and an astrophysicist at ICE-CSIC, affiliated to the Institute of Space Studies of Catalonia (IEEC).

Measuring the Building Blocks of Asteroids

To carry out the study, the ICE-CSIC team selected and carefully characterized asteroid related samples before sending them for detailed chemical analysis. The measurements were performed using mass spectrometry at the University of Castilla-La Mancha by Professor Jacinto Alonso-Azcarate. This work allowed the researchers to determine the precise chemical makeup of the six most common types of carbonaceous chondrites and assess whether extracting materials from their parent asteroids could one day be practical.




The Asteroids, Comets, and Meteorites research group at ICE-CSIC has spent more than a decade studying the physical and chemical properties of asteroid and comet surfaces. "At ICE-CSIC and IEEC, we specialize in developing experiments to better understand the properties of these asteroids and how the physical processes that occur in space affect their nature and mineralogy," Trigo-Rodriguez explains.

He also notes that ICE-CSIC serves as the international repository for NASA's Antarctic meteorite collection. Over the past ten years, he has helped select and request several of the carbonaceous chondrites used in this study and has designed multiple experiments around them. "The work now being published is the culmination of that team effort," he says.

Are Asteroid Resources Worth Extracting?

"Studying and selecting these types of meteorites in our clean room using other analytical techniques is fascinating, particularly because of the diversity of minerals and chemical elements they contain. However, most asteroids have relatively small abundances of precious elements, and therefore the objective of our study has been to understand to what extent their extraction would be viable," says Pau Grebol Tomas, a predoctoral researcher at ICE-CSIC.

Jordi Ibanez-Insa, a co-author of the study and researcher at Geosciences Barcelona (GEO3BCN-CSIC), points out that while many small asteroids are covered in loose surface material known as regolith, collecting small samples is very different from extracting resources at scale. "Although most small asteroids have surfaces covered in fragmented material called regolith -and it would facilitate the return of small amounts of samples-, developing large-scale collection systems to achieve clear benefits is a very different matter. In any case, it deserves to be explored because the search for resources in space could be susceptible to minimizing the impact of mining activities on terrestrial ecosystems," he says.

Choosing the Right Asteroids for the Future

The main asteroid belt contains an enormous range of objects, and understanding what resources they hold requires careful classification. According to Trigo-Rodriguez, asteroid composition varies widely due to their long and complex histories. "They are small and quite heterogeneous objects, heavily influenced by their evolutionary history, particularly collisions and close approaches to the Sun. If we are looking for water, there are certain asteroids from which hydrated carbonaceous chondrites originate, which, conversely, will have fewer metals in their native state. Let's not forget that, after 4.56 billion years since their formation, each asteroid has a different composition, as revealed by the study of chondritic meteorites."




One key conclusion of the research is that mining undifferentiated asteroids -- the primordial remnants of the solar system's formation considered the progenitor bodies of chondritic meteorites -- remains impractical for now. However, the team identifies a different class of relatively pristine asteroids that display olivine and spinel signatures as more promising mining targets.

To confidently identify such candidates, the researchers emphasize the importance of detailed chemical studies of carbonaceous chondrites combined with new sample return missions. These missions would help confirm which asteroids are truly linked to the meteorites studied on Earth.

Technology, Water, and Long Term Exploration

"Alongside the progress represented by sample return missions, companies capable of taking decisive steps in the technological development necessary to extract and collect these materials under low-gravity conditions are truly needed. The processing of these materials and the waste generated would also have a significant impact that should be quantified and properly mitigated," Trigo-Rodriguez adds.

The team expects progress in the near future, especially as in situ resource use becomes increasingly important for long duration missions to the Moon and Mars. Using materials found in space could significantly reduce the need for supplies launched from Earth. If water is the primary target, the researchers stress that asteroids altered by water and rich in water bearing minerals should be prioritized.

Extracting resources in low gravity environments will require entirely new approaches. "It sounds like science fiction, but it also seemed like science fiction when the first sample return missions were being planned thirty years ago," says Pau Grebol Tomas.

From Planetary Defense to Space Resources

Globally, several concepts are already being discussed, including capturing small asteroids that pass close to Earth and placing them into circumlunar orbit for study and resource use. Trigo-Rodriguez highlights that water rich carbonaceous asteroids may be especially attractive targets. "For certain water-rich carbonaceous asteroids, extracting water for reuse seems more viable, either as fuel or as a primary resource for exploring other worlds. This could also provide science with greater knowledge about certain bodies that could one day threaten our very existence. In the long term, we could even mine and shrink potentially hazardous asteroids so that they cease to be dangerous," he explains.
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This new 3D chip could break AI's biggest bottleneck | ScienceDaily
Engineers from Stanford University, Carnegie Mellon University, University of Pennsylvania, and the Massachusetts Institute of Technology worked with SkyWater Technology, the largest exclusively U.S. based pure play semiconductor foundry, to create a new multilayer computer chip. The team says its architecture could mark a major shift in AI hardware and strengthen domestic semiconductor innovation.


						
Unlike most of today's chips, which are mostly flat and 2D, this prototype is built to rise upward. Ultra thin parts are stacked like floors in a tall building, and vertical wiring works like many fast elevators that move huge amounts of data quickly. With a record setting number of vertical connections and a tightly woven layout that places memory and computing units close together, the design avoids slowdowns that have limited progress in flat chips. In hardware tests and simulations, the 3D chip beats 2D chips by roughly an order of magnitude.

Researchers have made experimental 3D chips in academic labs before, but the team says this is the first time one has delivered clear performance improvements and been produced in a commercial foundry. "This opens the door to a new era of chip production and innovation," said Subhasish Mitra, the William E. Ayer Professor in Electrical Engineering and professor of computer science at Stanford University, and principal investigator of a new paper describing the chip presented at the 71st Annual IEEE International Electron Devices Meeting (IEDM). "Breakthroughs like this are how we get to the 1,000-fold hardware performance improvements future AI systems will demand."

Why Flat Chips Struggle With Modern AI

Large AI models such as ChatGPT and Claude constantly shuttle enormous volumes of data between memory, which holds information, and the computing units that process it.

On conventional 2D chips, everything sits on one surface and memory is limited and spread out, so data is forced through a small number of long, crowded paths. The computing parts can run far faster than data can be delivered, and the chip cannot keep enough memory nearby. The result is frequent waiting. Engineers call this problem the "memory wall," where processing speed outruns the chip's ability to feed it data.

For years, chipmakers pushed back against the memory wall by shrinking transistors, the tiny switches that handle computations and store data, and packing more of them onto each chip. But researchers say that approach is nearing hard physical limits, known as the "miniaturization wall."

The new design aims to get past both limits by building upward. "By integrating memory and computation vertically, we can move a lot more information much quicker, just as the elevator banks in a high-rise let many residents travel between floors at once," said Tathagata Srimani, assistant professor of electrical and computer engineering at Carnegie Mellon University, the paper's senior author, who began the work as a postdoctoral fellow advised by Mitra.




"The memory wall and the miniaturization wall form a deadly combination," said Robert M. Radway, assistant professor of electrical and systems engineering at the University of Pennsylvania and a co-author of the study. "We attacked it head-on by tightly integrating memory and logic and then building upward at extremely high density. It's like the Manhattan of computing -- we can fit more people in less space."

How the Monolithic 3D Chip Is Manufactured

Many earlier 3D chip efforts have taken a simpler route by stacking separate chips. That can help, but the links between layers are often relatively rough, limited in number, and can become bottlenecks.

This team used a different approach. Instead of making separate chips and bonding them together, they build each new layer directly on top of the previous one in a single continuous flow. This method, known as "monolithic" 3D integration, uses temperatures low enough to avoid harming the circuitry already built below. That makes it possible to pack layers more tightly and create far more dense connections between them.

A key point, the researchers say, is that the entire process was carried out in a domestic commercial silicon foundry. "Turning a cutting-edge academic concept into something a commercial fab can build is an enormous challenge," said co-author Mark Nelson, vice president of technology development operations at SkyWater Technology. "This shows that these advanced architectures aren't just possible in the lab -- they can be produced domestically, at scale, which is what America needs to stay at the forefront of semiconductor innovation."

Performance Gains and What Comes Next for AI Hardware

In early hardware tests, the prototype outperformed comparable 2D chips by about four times. The team's simulations suggest even bigger gains as the design grows taller with more stacked layers of memory and compute. With additional tiers, the models show up to a twelve fold improvement on real AI workloads, including workloads derived from Meta's open source LLaMA model.




The researchers also highlight a longer range payoff. They say the architecture offers a practical route to 100 to 1,000 fold improvements in energy delay product (EDP), a metric that combines speed and energy efficiency. By shortening how far data needs to travel and adding many more vertical routes for movement, the chip can increase throughput while reducing energy per operation, a combination that has been difficult to achieve with conventional flat designs.

The team says the importance of the work is not only about speed. By demonstrating that monolithic 3D chips can be made in the United States, they argue it provides a blueprint for a new period of domestic hardware innovation where the most advanced chips can be designed and manufactured on U.S. soil.

They also say the shift to vertical, monolithic 3D integration will require a new generation of engineers trained in these methods, similar to how the integrated circuit boom of the 1980s was fueled by students learning chip design and fabrication in U.S. labs. Through collaborations and funding efforts including the Microelectronics Commons California-Pacific-Northwest AI Hardware Hub (Northwest-AI-Hub), students and researchers are already being prepared to push American semiconductor innovation forward.

"Breakthroughs like this are of course about performance," said H.-S. Philip Wong, the Willard R. and Inez Kerr Bell Professor in the Stanford School of Engineering and principal investigator of the Northwest-AI-Hub. "But they're also about capability. If we can build advanced 3D chips, we can innovate faster, respond faster, and shape the future of AI hardware."

This study took place at Stanford University School of Engineering, Carnegie Mellon University College of Engineering, the University of Pennsylvania School of Engineering and Applied Science, and the Massachusetts Institute of Technology, and all fabrications were completed at SkyWater Technology's Bloomington, Minnesota, Foundry. Support came from the Defense Advanced Research Projects Agency, the U.S. National Science Foundation Graduate Research Fellowship Program, Samsung, the Stanford Precourt Institute for Energy, the Stanford SystemX Alliance, the Department of War's Microelectronics Commons AI Hardware Hub, the U.S. Department of Energy, and the National Science Foundation's Future of Semiconductors Program (2425218).

Additional Stanford co-authors include Suhyeong Choi, Samuel Dayo, Andrew Bechdolt, Shengman Li, Dennis T. Rich, and R.H. Yang. Additional authors are from CMU and MIT.
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Physicists found a way to make thermodynamics work in the quantum world | ScienceDaily
In 1798, officer and physicist Benjamin Thompson (a.k.a. Count Rumford) made a simple but powerful observation while watching cannon barrels being drilled in Munich. The metal heated up continuously during the process, leading him to conclude that heat is not a physical substance. Instead, it can be produced endlessly through mechanical friction.


						
To test this idea, Rumford placed the cannon barrels in water and timed how long it took for the water to boil. His measurements showed that motion alone could generate large amounts of heat. Experiments like these laid the groundwork for thermodynamics in the 19th century. At first, this new field played a key role in the Industrial Revolution by explaining how heat could be converted efficiently into useful work, such as powering steam engines.

The Core Laws of Energy and Disorder

Today, the laws of thermodynamics are foundational knowledge for scientists. They state that in a closed system, the total amount of energy stays the same, whether it appears as heat or work. They also describe entropy, a measure of disorder, which never decreases over time.

While these principles hold true in everyday situations, problems arise when scientists try to apply them to extremely small systems governed by quantum physics. At that scale, familiar ideas about heat and work start to blur.

A Quantum Challenge to Classical Physics

Researchers at the University of Basel, led by Professor Patrick Potts, have developed a new approach to defining thermodynamic quantities for certain quantum systems. Their findings were recently published in the scientific journal Physical Review Letters.




"The problem we have with the thermodynamic description of quantum systems is that in such systems, everything is microscopic. This means that the distinction between work, which is useful macroscopic energy, and heat, or disordered microscopic motion, is no longer straightforward," doctoral student Aaron Daniel explains.

Laser Light in a Cavity

To explore this challenge, the team studied cavity resonators. These systems trap laser light between two mirrors, causing the light to bounce back and forth before some of it eventually escapes.

Laser light differs from the light produced by bulbs or LEDs because its electromagnetic waves move in perfect sync. When laser light travels through a cavity filled with atoms, this synchronization, known as coherence, can be disrupted. As a result, the light may become partly or fully incoherent (which corresponds to the disordered motion of particles). "The coherence of the light in such a laser-cavity-system was the starting point of our calculations," says Max Schrauwen, a bachelor's student involved in the study.

Work by Coherence

The researchers began by clarifying what "work" means for laser light. One example is the ability to charge a so-called quantum battery, which requires coherent light that can collectively push atoms into an excited state. A simple assumption would be that the incoming coherent light performs work, while the outgoing light, having lost some coherence, represents heat.

But the situation is more subtle. Even light that has become partially incoherent can still perform useful work, just less effectively than fully coherent light. Daniel and his colleagues examined what happens if only the coherent portion of the exiting light is counted as work, while the incoherent portion is treated as heat. With this definition, both laws of thermodynamics remain valid, showing that the framework is self-consistent.

Implications for Quantum Technology

"In the future, we can use our formalism to consider more subtle problems in quantum thermodynamics," says Daniel. This approach could prove valuable for emerging quantum technologies, including quantum networks. It may also help scientists better understand how familiar classical behavior emerges from the underlying quantum world.
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"Purifying" photons: Scientists found a way to clean light itself | ScienceDaily
Researchers at the University of Iowa have identified a new way to "purify" photons, a development that could improve both the performance and security of light based quantum technologies. By refining how single particles of light are produced, the approach aims to overcome long standing limitations in optical quantum systems.


						
The team focused on two major obstacles that make it difficult to generate a reliable stream of single photons, which are essential for photonic quantum computers and secure communication networks.

One challenge is known as laser scatter. When a laser shines on an atom to trigger the release of a photon, the process can also produce extra, unwanted photons. These additional particles act like interference in an optical circuit, reducing efficiency in much the same way stray electrical current disrupts a conventional circuit.

A second issue arises from the way atoms sometimes respond to laser light. In rare cases, an atom emits more than one photon at a time. When that happens, the precise order needed for quantum operations breaks down, since the extra photons interfere with the intended one by one flow.

Using Laser Noise to Cancel Unwanted Light

In the new study, Matthew Nelson, a graduate student in the Department of Physics and Astronomy, found an unexpected connection between these two problems. He discovered that when an atom releases multiple photons, the resulting wavelength spectrum and wave form closely match those of the laser light itself.

According to the researchers, this similarity means the two signals can be carefully adjusted to cancel each other out. In effect, the laser scatter that usually causes trouble can be used to suppress the unwanted photon emissions.




"We have shown that stray laser scatter, typically considered a nuisance, can be harnessed to cancel out unwanted, multi-photon emission," says Ravitej Uppu, assistant professor in the Department of Physics and Astronomy and the study's corresponding author. "This theoretical breakthrough could turn a long-standing problem into a powerful new tool for advancing quantum technologies."

Why Single Photons Matter for Quantum Computing

Photonic computing relies on light rather than electricity to perform calculations, offering the potential for faster and more efficient systems. Conventional computers operate using bits -- streams of electrical or optical pulses that represent ones or zeroes. Quantum computers instead use qubits, which are often subatomic particles such as photons.

Many emerging technology companies believe photonic platforms will play a key role in the future of quantum computing. A stable, well controlled stream of single photons is central to making that vision practical.

An orderly photon stream is easier to manage and scale, and it also improves security. The researchers compare it to guiding students through a cafeteria line one at a time rather than letting them move as a crowd. In the same way, a neat single photon line reduces the risk of data being intercepted or overheard.

Precision Control for Cleaner Photon Streams

Uppu explains that careful control of the laser beam is the key to the new method. "If we can control exactly how the laser beam shines on an atom -- the angle at which it's coming, the shape of the beam, and so on -- you can actually make it cancel out all the additional photons that the atom likes to emit," he says. "We would be left with a stream that is actually very pure."




The work shows, in theory, that two major barriers to faster photonic circuitry can be addressed at the same time. If confirmed experimentally, the technique could help accelerate the development of advanced quantum computers and more secure communication systems. The researchers plan to test the idea in future experiments.

Study Details and Funding

The study, "Noise-assisted purification of a single-photon source," was published in the journal Optica Quantum.

Funding for the research came from the Office of the Under Secretary of Defense for Research and Engineering within the U.S. Department of Defense. Additional support was provided through a seed grant from the University of Iowa Office of the Vice President for Research via the P3 program, which helped launch the project.
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This simulation reveals what really happens near black holes | ScienceDaily
After decades of steady progress, computational astrophysicists have reached a major turning point in black hole research. A new study presents the most detailed and complete model yet of luminous black hole accretion, the process by which black holes pull in surrounding matter and emit intense radiation. Using some of the most powerful supercomputers on Earth, the researchers successfully calculated how matter flows into black holes while fully accounting for both Einstein's theory of gravity and the dominant role of radiation, without relying on simplifying shortcuts.


						
This achievement marks the first time such calculations have been carried out in full general relativity under radiation-dominated conditions. The results open a new window into how black holes behave in extreme environments that were previously out of reach for simulations.

Who Led the Research and Where It Was Published

The study was published in The Astrophysical Journal and led by scientists from the Institute for Advanced Study and the Flatiron Institute's Center for Computational Astrophysics. It represents the first paper in a planned series that will introduce the team's new computational framework and apply it to different types of black hole systems.

"This is the first time we've been able to see what happens when the most important physical processes in black hole accretion are included accurately. These systems are extremely nonlinear -- any over-simplifying assumption can completely change the outcome. What's most exciting is that our simulations now reproduce remarkably consistent behaviors across black hole systems seen in the sky, from ultraluminous X-ray sources to X-ray binaries. In a sense, we've managed to 'observe' these systems not through a telescope, but through a computer," said lead author Lizhong Zhang.

Zhang is a joint postdoctoral research fellow at the Institute for Advanced Study's School of Natural Sciences and the Flatiron Institute's Center for Computational Astrophysics. He began the project during his first year at IAS (2023-24) and continued the work at Flatiron.

Why Black Hole Models Need Relativity and Radiation

Any realistic model of a black hole must include general relativity, since the intense gravity of these objects bends space and time in extreme ways. But gravity alone is not enough. When large amounts of matter fall toward a black hole, enormous energy is released in the form of radiation. Accurately tracking how that radiation moves through curved spacetime and interacts with nearby gas is essential for understanding what astronomers actually observe.




Until now, simulations could not fully handle this combination of effects. Like simplified classroom models that capture only part of a real system, earlier approaches relied on assumptions that made the calculations manageable but incomplete.

"Previous methods used approximations that treat radiation as a sort of fluid, which does not reflect its actual behavior," Zhang explained.

Solving the Full Equations Without Shortcuts

Those approximations were once unavoidable because the underlying equations are extraordinarily complex and demand massive computational resources. By combining insights developed over many years, the team created new algorithms capable of solving these equations directly, without approximations.

"Ours is the only algorithm that exists at the moment that provides a solution by treating radiation as it really is in general relativity," Zhang said.

This breakthrough allows researchers to simulate black hole environments with a level of realism that was previously impossible.




Focusing on Stellar Mass Black Holes

The study focuses on stellar mass black holes, which typically have about 10 times the mass of the Sun. These objects are much smaller than Sgr A*, the supermassive black hole at the center of the Milky Way, but they offer unique advantages for study.

While astronomers have produced detailed images of supermassive black holes, stellar mass black holes appear only as tiny points of light. Scientists must analyze their emitted light by breaking it into a spectrum, which reveals how energy is distributed around the black hole. Because stellar mass black holes evolve over minutes to hours rather than years or centuries, they allow researchers to observe rapid changes in real time.

Simulations That Match Real Observations

Using their new model, the researchers followed how matter spirals inward, forming turbulent, radiation-dominated disks around stellar mass black holes. The simulations also showed strong winds flowing outward and, in some cases, the formation of powerful jets.

Crucially, the simulated light spectra closely matched what astronomers observe from real systems. This strong agreement makes it possible to draw more confident conclusions from limited observational data and deepens scientists' understanding of how these distant objects operate.

Supercomputers Powering the Breakthrough

The Institute for Advanced Study has a long history of advancing science through computational modeling. One early milestone was the Electronic Computer Project led by founding Professor (1933-55) John von Neumann, which influenced fields ranging from fluid dynamics to climate science and nuclear physics.

Continuing that tradition, Zhang and his colleagues were granted access to two of the world's most powerful supercomputers, Frontier at Oak Ridge National Laboratory and Aurora at Argonne National Laboratory. These exascale machines can perform a quintillion calculations per second and occupy thousands of square feet -- recalling the massive size of the earliest computers.

Harnessing this computing power required sophisticated mathematics and software designed specifically for the task. Christopher White of the Flatiron Institute and Princeton University led the development of the radiation transport algorithm. Patrick Mullen, Member (2021-22) in the School of Natural Sciences and now at Los Alamos National Laboratory, led the integration of this algorithm into the AthenaK code, which is optimized for exascale systems.

What Comes Next for Black Hole Research

The team plans to test whether their approach can be applied to all types of black holes. Beyond stellar mass systems, the simulations may also shed new light on supermassive black holes, which play a central role in shaping galaxies. Future work will further refine how radiation interacts with matter across a wide range of temperatures and densities.

"What makes this project unique is, on the one hand, the time and effort it has taken to develop the applied mathematics and software capable of modeling these complex systems, and, on the other hand, having a very large allocation on the world's largest supercomputers to perform these calculations," said co-author James Stone, Professor in the Institute for Advanced Study's School of Natural Sciences. "Now the task is to understand all the science that is coming out of it.
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Physicists made atoms behave like a quantum circuit | ScienceDaily
Josephson junctions play a central role in modern physics and technology. They enable extremely precise measurements, define the international standard for electrical voltage, and serve as essential components inside many quantum computers. Despite their importance, the quantum-scale processes occurring inside superconductors are notoriously difficult to observe directly.


						
To overcome this challenge, researchers at the RPTU University of Kaiserslautern-Landau turned to quantum simulation. Instead of studying electrons inside a solid material, they recreated the Josephson effect using ultracold atoms. Their approach involved separating two Bose-Einstein condensates (BECs) with an exceptionally thin optical barrier created by a focused laser beam that was moved in a controlled, periodic way. Even in this atomic system, the defining signatures of Josephson junctions emerged. The experiment revealed Shapiro steps, which are distinct voltage plateaus that appear at multiples of a driving frequency, just as they do in superconducting devices. Published in the journal Science, the work stands as a clear example of how quantum simulation can uncover hidden physics.

Why Josephson Junctions Matter

At first glance, a Josephson junction has a simple structure. It consists of two superconductors separated by an extremely thin insulating layer. Yet this basic setup produces a powerful quantum mechanical effect that underpins some of today's most advanced technologies. Josephson contacts form the core of many quantum computers and make it possible to measure extraordinarily weak magnetic fields.

These measurements are crucial in applications such as magnetoencephalography (MEG), a medical imaging technique used to detect magnetic signals generated by activity in the human brain. The precision of Josephson junctions is what makes such sensitive diagnostics possible.

Making Invisible Quantum Effects Observable

The challenge with Josephson junctions is that their behavior unfolds at the level of individual quanta. Inside a superconductor, these microscopic processes cannot be easily tracked or visualized. To study them in detail, physicists rely on quantum simulation, a strategy that maps a complex quantum system onto a different one that is easier to control and observe.




By recreating the essential physics in a new environment, researchers can explore effects that would otherwise remain hidden. This approach allows scientists to test fundamental ideas and confirm whether certain behaviors are truly universal across different physical systems.

Recreating the Josephson Effect with Ultracold Atoms

At RPTU, an experimental team led by Herwig Ott applied quantum simulation directly to the Josephson effect. Rather than using superconductors, they worked with an ultracold gas of atoms known as a Bose-Einstein condensate. Two such condensates were separated by a narrow optical barrier formed by a focused laser beam. By moving this barrier periodically, the researchers recreated conditions similar to those in a superconducting Josephson junction exposed to microwave radiation.

In conventional devices, microwave radiation induces an additional alternating current through the Josephson contact. In the atomic version of the experiment, the moving laser barrier played the same role, allowing the team to closely mimic the behavior of electronic junctions using atoms instead.

Shapiro Steps Are a Universal Phenomenon

The results of the experiment were striking. The atomic system displayed clear Shapiro steps, which are quantized voltage plateaus used worldwide to calibrate electrical voltage. These steps depend only on fundamental constants and the frequency of the applied modulation, making them the foundation of the global voltage standard for the "volt."

"In our experiment, we were able to visualize the resulting excitations for the first time. The fact that this effect now appears in a completely different physical system -- an ensemble of ultracold atoms -- confirms that Shapiro steps are a universal phenomenon," states Herwig Ott.




Bridging the Quantum Worlds of Atoms and Electrons

The study was carried out in collaboration with theoretical physicists Ludwig Mathey from the University of Hamburg and Luigi Amico from the Technology Innovation Institute in Abu Dhabi. Together, the teams demonstrated how a well-known effect from solid-state physics can be faithfully reproduced in an entirely different setting.

The work serves as a textbook example of quantum simulation. As Herwig Ott explains, "A quantum mechanical effect from solid-state physics is transferred to a completely different system -- and yet its essence remains the same. This builds bridges between the quantum worlds of electrons and atoms."

Using Atomic Circuits to Explore Quantum Physics

Looking ahead, Ott and his colleagues plan to link multiple atomic junctions together to form complete circuits made of atoms. In these systems, atoms would move through the circuit instead of electrons, an emerging area of research known as "atomtronics."

"Such circuits are particularly well suited for observing coherent effects, i.e., wave-like effects," says Erik Bernhart, who carried out the experiments as part of his doctoral research. Unlike electrons in solid materials, atoms in these circuits can be directly observed as they move, providing a clearer view of quantum behavior. "We also want to replicate other fundamental components known from electronics for our atoms and understand them precisely at the microscopic level."
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This AI finds simple rules where humans see only chaos | ScienceDaily
Researchers at Duke University have created a new artificial intelligence framework designed to uncover clear, easy-to-understand rules behind some of the most complicated dynamics seen in nature and modern technology.


						
The system is inspired by the work of history's great "dynamicists" -- scientists who study systems that change over time. Just as Isaac Newton, often considered the first dynamicist, developed equations linking force and motion, this AI analyzes data that shows how complex systems evolve and then produces equations that accurately describe that behavior.

What sets this approach apart is its ability to handle complexity far beyond human capacity. The AI can take nonlinear systems involving hundreds or even thousands of interacting variables and reduce them to simpler rules with far fewer dimensions.

A New Tool for Understanding Change Over Time

The research, published December 17 online in the journal npj Complexity, introduces a powerful new way for scientists to use AI to study systems that evolve over time -- including weather patterns, electrical circuits, mechanical devices, and biological signals.

"Scientific discovery has always depended on finding simplified representations of complicated processes," said Boyuan Chen, director of the General Robotics Lab and the Dickinson Family Assistant Professor of Mechanical Engineering and Materials Science at Duke. "We increasingly have the raw data needed to understand complex systems, but not the tools to turn that information into the kinds of simplified rules scientists rely on. Bridging that gap is essential."

A classic example of simplification comes from physics. The path of a cannon ball depends on many factors, including launch speed and angle, air resistance, changing wind conditions, and even ambient temperature. Despite this complexity, a close approximation of its motion can be captured with a simple linear equation that uses only the launch speed and angle.




Building on a Decades-Old Mathematical Idea

This kind of simplification reflects a theoretical concept introduced by mathematician Bernard Koopman in the 1930s. Koopman showed that complex nonlinear systems can be represented mathematically using linear models. The new AI framework builds directly on this idea.

There is an important challenge, however. Representing highly complex systems with linear models often requires constructing hundreds or even thousands of equations, each tied to a different variable. Handling that level of complexity is difficult for human researchers.

That is where artificial intelligence becomes especially valuable.

How the AI Reduces Complexity

The framework studies time-series data from experiments and identifies the most meaningful patterns in how a system changes. It combines deep learning with constraints inspired by physics to narrow down the system to a much smaller set of variables that still capture its essential behavior. The outcome is a compact model that behaves mathematically like a linear system while remaining faithful to real-world complexity.




To test the approach, the researchers applied it to a wide variety of systems. These ranged from the familiar swinging motion of a pendulum to the nonlinear behavior of electrical circuits, as well as models used in climate science and neural circuits. Although these systems differ greatly, the AI consistently uncovered a small number of hidden variables that governed their behavior. In many cases, the resulting models were more than 10 times smaller than those produced by earlier machine-learning methods, while still delivering reliable long-term predictions.

"What stands out is not just the accuracy, but the interpretability," said Chen, who also holds appointments in electrical and computer engineering and computer science. "When a linear model is compact, the scientific discovery process can be naturally connected to existing theories and methods that human scientists have developed over millennia. It's like connecting AI scientists with human scientists."

Finding Stability and Warning Signs

The framework does more than make predictions. It can also identify stable states, known as attractors, where a system naturally settles over time. Recognizing these states is critical for determining whether a system is operating normally, slowly drifting, or approaching instability.

"For a dynamicist, finding these structures is like finding the landmarks of a new landscape," said Sam Moore, the lead author and PhD candidate in Chen's General Robotics Lab. "Once you know where the stable points are, the rest of the system starts to make sense."

The researchers note that this method is especially useful when traditional equations are unavailable, incomplete, or too complex to derive. "This is not about replacing physics," Moore continued. "It's about extending our ability to reason using data when the physics is unknown, hidden, or too cumbersome to write down."

Toward Machine Scientists

Looking ahead, the team is exploring how the framework could help guide experimental design by actively selecting which data to collect in order to reveal a system's structure more efficiently. They also plan to apply the method to richer forms of data, including video, audio, and signals from complex biological systems.

This research supports a long-term goal in Chen's General Robotics Lab to develop "machine scientists" that assist with automated scientific discovery. By linking modern AI with the mathematical language of dynamical systems, the work points toward a future in which AI does more than recognize patterns. It may help uncover the fundamental rules that shape both the physical world and living systems.

This work was supported by the National Science Foundation Graduate Research Fellowship, the Army Research Laboratory STRONG program (W911NF2320182, W911NF2220113), the Army Research Office (W911NF2410405), the DARPA FoundSci program (HR00112490372), and the DARPA TIAMAT program (HR00112490419).

Project Website: http://generalroboticslab.com/AutomatedGlobalAnalysis

Video: https://youtu.be/8Q5NQegHz50

General Robotics Lab Website: http://generalroboticslab.com
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Subaru Telescope reveals a hidden giant planet | ScienceDaily
Astronomers working with the Subaru Telescope in Hawai`i have identified two remarkable objects circling distant stars: a giant planet and a brown dwarf. These findings mark the first successes of OASIS (Observing Accelerators with SCExAO Imaging Survey), a project that pairs precise space-based data with Subaru's powerful imaging systems to uncover worlds that are otherwise extremely difficult to see. The discoveries also provide an important stepping stone for NASA's upcoming Roman Space Telescope, which will test new tools designed to image Earth-like planets.


						
Only about 1 percent of stars are known to host massive planets or brown dwarfs that can be directly photographed with today's telescopes. Even when these objects are young and still glowing from the heat of their formation, they remain vastly dimmer than the stars they orbit. As a result, their faint light is often overwhelmed by the intense brightness of their host stars. For astronomers, the long-standing challenge has not just been how to see these objects, but knowing where to search in the first place.

How OASIS Pinpoints Hidden Companions

OASIS [Principal Investigator (PI): Thayne Currie / Deputy-PI: Masayuki Kuzuhara] addresses this challenge by narrowing down the most promising targets. The survey analyzes measurements from two European Space Agency missions -- Hipparcos and Gaia -- which track tiny motions in stars caused by the gravitational pull of unseen companions. Once a star shows signs of being tugged by an invisible object, OASIS turns the Subaru Telescope toward it. Using the Subaru Coronagraphic Extreme Adaptive Optics (SCExAO) system, astronomers can then capture extremely sharp images that make it possible to directly photograph these hidden worlds.

A Giant Planet Revealed in Leo

One of the new discoveries is a planet known as HIP 54515 b, which orbits a star located 271 light-years away in the constellation Leo. This planet has nearly 18 times the mass of Jupiter and travels around its star at a distance similar to that of Neptune in our own solar system. From Earth, however, the planet and its star appear incredibly close together. The separation is comparable to spotting a baseball from 100 km away. Thanks to the precision of the SCExAO system, astronomers were able to resolve the planet clearly despite this challenge.

A Rare Brown Dwarf With Special Potential

The second object, HIP 71618 B, is a brown dwarf with a mass about 60 times that of Jupiter. It lies 169 light-years away in the constellation Bootes. Brown dwarfs are often referred to as "failed stars" -- because they form in a similar way to stars but never grow massive enough to ignite nuclear fusion in their cores.




A Perfect Test Target for NASA's Roman Telescope

HIP 71618 B stands out because it is exceptionally well suited for study by NASA's Roman Space Telescope. Roman is scheduled to conduct a technology demonstration that will test advanced coronagraph systems. These instruments are essential for future missions that aim to directly image Earth-like planets around other stars, objects that can be ten billion times fainter than the stars they orbit. Until now, astronomers had not identified a single confirmed target that met all the strict criteria for this test. HIP 71618 B fills that gap. Its host star is bright, the brown dwarf sits at an ideal position, and at the Roman Coronagraph's operating wavelengths it will appear faint enough relative to its star to properly evaluate the new technology.

A New Era of Teamwork in Planet Hunting

Together, these discoveries highlight the power of combining precise measurements from space with advanced imaging from the ground. This coordinated approach allows astronomers to find planets and brown dwarfs that would otherwise remain hidden in starlight. The success of OASIS demonstrates that the Subaru Telescope will continue to play a leading role in astronomical discovery, even as a new generation of powerful telescopes comes online.
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A new tool is revealing the invisible networks inside cancer | ScienceDaily
Researchers at the University of Navarra in Spain have created RNACOREX, an open-source software platform designed to identify gene regulation networks linked to cancer survival. The tool was developed by scientists at the Institute of Data Science and Artificial Intelligence (DATAI), in collaboration with members of the Cancer Center Clinica Universidad de Navarra. Its performance has been tested using data from thirteen different tumor types provided by the international consortium The Cancer Genome Atlas (TCGA).


						
RNACOREX was published in the journal PLOS Computational Biology. It can analyze thousands of biological molecules at the same time, allowing it to detect important molecular interactions that are often missed by traditional analysis methods. By producing a clear and interpretable molecular "map," the software helps researchers better understand how tumors function and offers new ways to explore the biological processes that drive cancer progression.

Decoding Cancer's Hidden Genetic Structure

Within human cells, different types of molecules such as microRNAs (miRNAs) and messenger RNA (mRNA) -- communicate through highly complex regulatory networks. When these networks fail to function properly, diseases including cancer can develop.

"Understanding the architecture of these networks is crucial for detecting, studying, and classifying different tumor types. However, reliably identifying these networks is a challenge due to the vast amount of available data, the presence of many false signals, and the lack of accessible and precise tools capable of distinguishing which molecular interactions are truly associated with each disease," says Ruben Armananzas, head of the Digital Medicine Laboratory at DATAI and one of the study's lead authors.

RNACOREX was designed to overcome these challenges. It integrates curated information from international biological databases with real-world gene expression data to rank the most biologically meaningful miRNA-mRNA interactions. From this foundation, the software builds progressively more complex regulatory networks that can also function as probabilistic models for studying disease behavior.

Predicting Survival With Interpretable Results

To evaluate how well the tool performs, the research team applied RNACOREX to data from thirteen different cancers, including breast, colon, lung, stomach, melanoma, and head and neck tumors, using information from The Cancer Genome Atlas (TCGA).




"The software predicted patient survival with accuracy on par with sophisticated AI models, but with something many of those systems lack: clear, interpretable explanations of the molecular interactions behind the results," says Aitor Oviedo-Madrid, a researcher at the Digital Medicine Laboratory of DATAI and first author of the study.

Beyond survival prediction, RNACOREX can identify regulatory networks linked to clinical outcomes, detect molecular patterns shared across multiple tumor types, and spotlight individual molecules with strong biomedical relevance. These insights may help researchers generate new hypotheses about how tumors grow and progress, while also pointing toward promising future diagnostic markers or treatment targets. "Our tool provides a reliable molecular 'map' that helps prioritize new biological targets, speeding up cancer research," Oviedo-Madrid adds.

An Expanding Open-Source Platform

RNACOREX is freely available as an open-source program on GitHub and PyPI (Python Package Index). It includes automated tools for downloading databases, making it easier for laboratories and research institutions to integrate the software into their workflows. The project has received partial funding from the Government of Navarra (ANDIA 2021 program) and the ERA PerMed JTC2022 PORTRAIT.

"As artificial intelligence in genomics accelerates, RNACOREX positions itself as an explainable, easy-to-interpret solution and an alternative to 'black-box' models, helping bring omics data into biomedical practice," says Armananzas.

The University of Navarra team is already working on expanding the software's capabilities. Planned additions include pathway analysis and new layers of molecular interaction data, with the goal of creating models that more fully explain the biological mechanisms behind tumor growth and progression. These efforts highlight the institution's broader commitment to interdisciplinary research that combines biomedicine, artificial intelligence, and data science to advance personalized and precision cancer medicine.
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What scientists found inside Titan was not what anyone expected | ScienceDaily
A new examination of spacecraft data collected more than ten years ago suggests that Saturn's largest moon, Titan, probably does not contain a massive ocean beneath its frozen surface, as scientists once believed. Instead, moving downward through Titan's icy shell would likely reveal additional layers of ice that gradually transition into slushy pathways and isolated pockets of liquid water closer to the moon's rocky interior.


						
Earlier interpretations of data from NASA's Cassini mission to Saturn led scientists to propose a deep ocean of liquid water hidden beneath Titan's ice. When researchers tested that idea using computer models, however, the results did not align with the physical characteristics seen in the data. A closer reanalysis produced new -- slushier -- conclusions. These results may prompt scientists to revisit assumptions about other icy worlds and refine how they search for life on Titan.

"Instead of an open ocean like we have here on Earth, we're probably looking at something more like Arctic sea ice or aquifers, which has implications for what type of life we might find, but also the availability of nutrients, energy and so on," said Baptiste Journaux, a University of Washington assistant professor of Earth and space sciences.

The study, published Dec. 17 in Nature, was led by NASA, with contributions from Journaux and Ula Jones, a UW graduate student of Earth and space sciences in his lab.

Cassini's Legacy and Titan's Unusual Surface

The Cassini mission began in 1997 and continued for nearly two decades, gathering extensive information about Saturn and its 274 moons. Titan -- shrouded by a hazy atmosphere -- stands out as the only place besides Earth where liquid is known to exist on the surface. With temperatures near -297 degrees Fahrenheit, that liquid is methane, not water. Methane forms lakes on Titan and even falls from the sky as rain.

As Titan travels around Saturn in an elongated orbit, scientists noticed that the moon stretches and compresses depending on its position relative to the planet. In 2008, researchers argued that this pronounced flexing could only occur if a large ocean existed beneath Titan's crust.




"The degree of deformation depends on Titan's interior structure. A deep ocean would permit the crust to flex more under Saturn's gravitational pull, but if Titan were entirely frozen, it wouldn't deform as much," Journaux said. "The deformation we detected during the initial analysis of the Cassini mission data could have been compatible with a global ocean, but now we know that isn't the full story."

A Subtle Time Lag Reveals a Slushy Interior

The new research adds an important factor that earlier studies did not fully consider: timing. Titan's changes in shape lag roughly 15 hours behind the strongest pull from Saturn's gravity. Moving a thick, sticky material requires more energy than shifting a free flowing liquid, similar to how stirring honey takes more effort than stirring water. By measuring this delay, scientists could estimate how much energy Titan absorbs as it deforms, offering insight into how thick or viscous its interior must be.

The amount of energy lost, or dissipated, inside Titan turned out to be far greater than expected if a global liquid ocean were present.

"Nobody was expecting very strong energy dissipation inside Titan. That was the smoking gun indicating that Titan's interior is different from what was inferred from previous analyses," said Flavio Petricca, a postdoctoral fellow at NASA's Jet Propulsion Laboratory and lead author of the study.

Based on these findings, the researchers propose an interior made up largely of slush, with significantly less liquid water than previously assumed. This slushy material is thick enough to explain the delayed response to Saturn's gravity, while still containing enough water to allow Titan to change shape.




Radio Signals and Extreme Physics Support the Model

Petricca reached these conclusions by analyzing the frequencies of radio waves transmitted from the Cassini spacecraft during close fly-bys of Titan. Journaux helped interpret the results using thermodynamics. His work focuses on how water and minerals behave under intense pressure, knowledge that is critical for understanding whether other planetary environments might support life.

"The watery layer on Titan is so thick, the pressure is so immense, that the physics of water changes. Water and ice behave in a different way than sea water here on Earth," Journaux said.

At his planetary cryo-mineral physics laboratory at UW, researchers have spent years developing methods to recreate the extreme conditions found on other worlds. Using this work, Journaux provided Petricca and his colleagues with data describing how water and ice are expected to behave deep inside Titan.

"We could help them determine what gravitational signal they should expect to see based on the experiments made here at UW," Journaux said. "It was very rewarding."

What Slush Could Mean for Life on Titan

"The discovery of a slushy layer on Titan also has exciting implications for the search for life beyond our solar system," Jones said. "It expands the range of environments we might consider habitable."

While the idea of a vast ocean once fueled optimism about life on Titan, the researchers suggest the updated picture may actually improve the odds. Their analysis indicates that Titan's freshwater pockets could reach temperatures as high as 68 degrees Fahrenheit. In these smaller volumes of water, nutrients would be more concentrated than in a large ocean, potentially making it easier for simple life forms to survive.

Although scientists do not expect to find fish swimming through Titan's slushy channels, any life discovered there might resemble organisms found in Earth's polar regions.

Journaux is also part of NASA's upcoming Dragonfly mission to Titan, which is scheduled to launch in 2028. The findings from this study will help inform that mission, and Journaux hopes future data will provide both evidence of life and a definitive answer about the presence of an ocean beneath Titan's ice.

Co-authors include Steven D. Vance, Marzia Parisi, Dustin Buccino, Gael Cascioli, Julie Castillo-Rogez, Mark Panning and Jonathan I. Lunine from NASA; Brynna G. Downey at Southwest Research Institute; Francis Nimmo and Gabriel Tobie from the University of Nantes; Andrea Magnanini from the University of Bologna; Amirhossein Bagheri from the California Institute of Technology and Antonio Genova from Sapienza University of Rome.

This research was funded by NASA, the Swiss National Science Foundation and the Italian Space Agency.
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Scientists unlocked a superconductor mystery under crushing pressure | ScienceDaily
Superconductors are materials that allow electrical current to flow with no resistance. This unique ability makes them extremely valuable for technologies such as efficient power transmission, energy storage, magnetic levitation systems, and quantum computers.


						
The challenge is that superconductivity usually occurs only at very low temperatures, far below everyday conditions. This limitation has prevented widespread practical use. That picture began to change with the discovery of superconductivity in hydrogen-rich materials. Hydrogen sulfide (H3S) becomes superconducting at 203 Kelvin (-70degCelsius), while lanthanum decahydrid (LaH10) reaches superconductivity at 250 Kelvin (-23degCelsius). These temperatures are far higher than those of earlier superconductors and are above the boiling point of liquid nitrogen, which is why scientists classify them as high temperature superconductors. Their discovery marked a major step toward the long-standing goal of room-temperature superconductivity.

The Superconducting Gap and Why It Is Crucial

At the heart of superconductivity is a feature known as the superconducting gap. This property reveals how electrons join together to form the superconducting state and serves as a clear signature that distinguishes a superconductor from an ordinary metal.

Understanding the superconducting gap is essential because it directly reflects how electrons interact inside the material. Without measuring this gap, scientists cannot fully explain why a material becomes superconducting or what mechanism makes resistance disappear.

Why Measuring Hydrogen Superconductors Is So Difficult

Despite their importance, hydrogen-rich superconductors such as H3S have been extremely challenging to study. These materials can only be created under enormous pressures that exceed atmospheric pressure by more than a million times. Because of these extreme conditions, widely used techniques like scanning tunneling spectroscopy and angle-resolved photoemission spectroscopy cannot be applied.




As a result, the superconducting gap in these materials had remained unmeasured, leaving a major gap in scientists' understanding of how high-temperature superconductivity works in hydrogen-rich compounds.

A New Tunneling Technique Breaks the Barrier

To solve this problem, researchers at the Max Planck Institute in Mainz developed a planar electron tunneling spectroscopy method that can operate under these extreme pressures. This new approach made it possible to directly probe the superconducting gap in H3S for the first time.

With this technique, the team obtained a clear picture of the superconducting state in hydrogen-rich materials, overcoming a barrier that had limited progress in the field for years.

What the Measurements Revealed

The researchers found that H3S has a fully open superconducting gap of approximately 60 millielectronvolt (meV). They also studied its deuterium counterpart, D3S, which showed a smaller gap of about 44 meV. Deuterium is a hydrogen isotope and has one more neutron.




This difference is significant because it confirms that superconductivity in H3S is driven by interactions between electrons and phonons. Phonons are quantized vibrations of a material's atomic lattice. The results support long-standing theoretical predictions about the mechanism behind superconductivity in hydrogen-rich compounds.

Why This Breakthrough Matters

For the researchers in Mainz, the achievement goes beyond technical success. It provides a foundation for uncovering the fundamental origins of high-temperature superconductivity in hydrogen-based materials. "We hope that by extending this tunneling technique to other hydride superconductors, the key factors that enable superconductivity at even higher temperatures can be pinpointed. This should ultimately enable the development of new materials that can operate under more practical conditions," states Dr. Feng Du, first author of the now published study.

Dr. Mikhail Eremets, a leading figure in high-pressure superconductivity research who deceased in November 2024, described the study as "the most important work in the field of hydride superconductivity since the discovery of superconductivity in H3S in 2015." Vasily Minkov, project leader of High-Pressure Chemistry and Physics at the Max Planck Institute for Chemistry, added: "Mikhail s vision of superconductors operating at room temperature and moderate pressures comes a step closer to reality through this work."

A Brief History of Superconductivity

Superconductivity refers to the ability of certain materials to conduct electrical current without resistance. It was first discovered in pure mercury in 1911 by Heike Kamerlingh Onnes. For many decades, scientists believed this phenomenon could only occur at temperatures near absolute zero (-273 degC).

That assumption changed in the late 1980s when Georg Bednorz and Karl Alexander Muller discovered copper-oxide superconductors, also known as cuprates, that exhibited high-temperature superconductivity under normal atmospheric pressure. This discovery sparked worldwide research efforts.

Over time, scientists reached critical temperatures (Tc) of about 133 K at ambient pressure and 164 K under high pressure. Progress then stalled until hydrogen-rich compounds entered the picture.

Hydrogen-Rich Materials Push the Limits

The discovery of superconductivity in H3S at megabar pressures, with a Tc = 203 K by the research group led by Dr. Mikhail Eremets, represented a turning point. Soon after, even higher critical temperatures were observed in hydrogen-rich metal hydrides such as YH9 (Tc [?] 244 K) and LaH10 (Tc [?] 250 K).

Current theoretical models now suggest that superconductivity above room temperature may be possible in several hydrogen-dominated systems when subjected to extreme pressure.

Cooper Pairs and the Meaning of the Superconducting Gap

In normal metals, electrons near the Fermi level can move freely. The Fermi level represents the highest energy level electrons can occupy in a solid at absolute zero. When a material becomes superconducting, electrons instead form paired states known as Cooper pairs and enter a collective quantum state.

In this state, paired electrons move together without scattering off phonons or impurities in the crystal lattice, which eliminates electrical resistance. This pairing creates an energy gap near the Fermi level called the superconducting gap. The gap represents the minimum energy required to break a Cooper pair and plays a protective role by stabilizing the superconducting state against disturbances.

The superconducting gap is a defining feature of superconductivity. Its size and symmetry provide critical insight into how electrons interact and pair, making it a key fingerprint of the underlying superconducting mechanism.
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Astrophysicists map the invisible universe using warped galaxies | ScienceDaily
In today's leading model of cosmology, most of the universe is invisible: about 95 percent of the universe is made up of dark matter and dark energy. Scientists still do not know what either one actually is, but their influence is unmistakable. Dark matter provides extra gravity that helps shape galaxies and clusters, while dark energy is linked to the universe's accelerating expansion. Because these ingredients do not emit light, researchers learn about them by tracking how they affect the visible universe. Astrophysicists at the University of Chicago did exactly that by studying a new region of sky in order to better understand the hidden cosmos.


						
Between 2013 and 2019, the Dark Energy Survey (DES) gathered observations with the Dark Energy Camera (DECam) on the 4-meter Blanco Telescope at the Cerro Tololo Inter-American Observatory in Chile. Over that period, DES measured and calibrated the shapes of more than 150 million galaxies across 5,000 square degrees (about an eighth) of the sky. Those galaxy shape measurements help scientists refine estimates of how mass is spread through the universe and how dark energy behaves.

DES has also played a role in a major recent puzzle involving the Lambda-CDM (LCDM) model, the standard framework used to describe the universe. Some studies of the nearby universe using galaxy surveys such as DES have seemed to disagree with predictions based on the early universe, which are inferred from the cosmic microwave background (CMB) -- the leftover radiation from the Big Bang.

Although DECam was built to support DES, it also collected many images outside the main DES footprint. In a new set of papers in the Open Journal of Astrophysics, UChicago astrophysicists used those additional observations and nearly doubled the number of galaxies with measured shapes by adding data from thousands of square degrees beyond the DES region. Because these images were not originally captured for weak lensing work, the expanded data set offers an independent way to recheck the earlier LCDM inconsistencies.

Weak gravitational lensing and why galaxy shapes matter

Gravitational lensing happens when mass bends light, and it is one of the most powerful tools for studying where mass sits in the universe. That includes ordinary matter as well as dark matter, and it can also shed light on dark energy's role, said Chihway Chang, associate professor of Astronomy and Astrophysics and lead of the Dark Energy Camera All Data Everywhere (DECADE) weak lensing cosmic shear project.

In weak gravitational lensing, galaxies do not look dramatically stretched. Instead, their shapes appear just slightly distorted (sheared) because their light passes through and around matter on its way to Earth. The signal is extremely small, so researchers rely on statistical methods to detect it.




"Weak lensing measurements are best at probing the 'clumpiness' of matter," said Dhayaa Anbajagane, a PhD student in Astronomy and Astrophysics who is lead analyst and first author on the series of DECADE papers. "Quantifying this clumpiness sheds light on the origin and evolution of structures like galaxies and galaxy clusters. This is loosely akin to measuring the distribution of people (the matter) living across a region and using that to understand features such as the landscape's topography or the location or age of urban areas (factors that influence the origin and evolution of structures)."

Measuring galaxy distances and testing the standard cosmology model

For the DECADE work, the researchers measured the shapes of more than 100 million galaxies. They also estimated how far away those galaxies are by analyzing how much each galaxy's light shifts toward red wavelengths (redshift). That shift shows how quickly a galaxy is moving away, and it can be used to calculate its distance from Earth.

With galaxy shapes and distances in hand, the team fit the LCDM model to the observations. LCDM is the widely used cosmology model that accounts for dark energy, dark matter, ordinary matter, neutrinos, and radiation. "This is a well-tested model that has survived many, many examinations in the past decade, and our data point is going to add to that story," said Chang.

The DECADE results show that cosmic structure growth matches what LCDM predicts, aligning with earlier weak lensing studies. "In addition, when comparing our constraints with those derived and extrapolated from the early universe's CMB, we also agree well," said Chang. "This last point has been a source of debate over the past five or so years, and with our new results, we can say that we do not see tension between weak lensing and CMB."

"We are also able to combine the DECADE lensing measurements with those of DES, resulting in a galaxy lensing analysis that uses the largest number of galaxies (270 million) covering the widest patch of sky (13,000 square degrees) to date," said Anbajagane. "Given this large amount of data, we can make particularly conservative choices in our analysis -- such as only making or using the measurements we trust most, rather than all useful or possible measurements -- and still make a measurement with enough precision to meaningfully inform our comparisons with the CMB."

An unconventional survey built from archival telescope images




DECADE provides an independent check on whether weak lensing results agree with CMB-based expectations, using a different part of the sky than DES but at a comparable scale. Alex Drlica-Wagner, Scientist at Fermilab and UChicago associate professor in Astronomy and Astrophysics who led the DECADE observing campaign, noted that success was not guaranteed at the outset. "It was not clear that the DECADE dataset would be of sufficient quality to perform a cosmological analysis, but we have shown that it can indeed produce robust results," he said.

A standout feature of the project involved image quality decisions, Anbajagane explained. Traditional weak lensing surveys collect close to a hundred thousand purpose-built images over many years, and many frames are rejected when they fail strict standards. "The DECADE project is unique as it repurposes archival data -- images originally taken by the astronomy community for a wide variety of science goals, from studying dwarf galaxies to stars to distant galaxy clusters -- and uses significantly more permissive criteria for image quality. Our work shows robust lensing analyses can be done even if we do not have lensing-dedicated imaging campaigns," he said.

That approach could influence how researchers handle future weak lensing studies, including work based on theVera C. Rubin Legacy Survey of Space and Time (Rubin LSST) survey. Using a larger share of available images could boost the precision of cosmological measurements. The team's ability to use archival images also depended heavily on careful image inspection, led by Chin Yi Tan, a PhD student in Physics.

A massive public galaxy catalog and global collaboration

Combined with DES, the final catalog covers about one-third of the sky (13,000 square degrees) and includes 270 million galaxies. The catalog was released to the scientific community this fall, and researchers have already begun using the images for other studies, including work on dwarf galaxies and new maps of the universe's mass. "We're actively working on applying other analysis methods to our data alongside experts at theKavli Institute for Cosmological Physics," said Anbajagane.

The DECADE analysis brought together scientists from UChicago, Fermilab, and NCSA at UIUC, along with collaborators from Argonne, UW-Madison, and many other institutions worldwide. "It was quite special to have these different components all sitting in the hallway," said Chang. "It also allowed us to learn from each other -- and resulted in an unexpected but wonderful outcome of this project."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251219093323.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The 98% mystery: Scientists just cracked the code on "junk DNA" linked to Alzheimer's | ScienceDaily
When people picture DNA, they often imagine a set of genes that shape our physical traits, influence behavior, and help keep our cells and organs functioning.


						
But genes make up only a small slice of our genetic code. Just around 2% of DNA contains our 20,000-odd genes. The other 98% has long been labelled the non-coding genome, or so-called 'junk' DNA. This larger portion includes many of the control switches that determine when genes turn on and how strongly they act.

Astrocytes and hidden DNA switches in the brain

Researchers from UNSW Sydney have now pinpointed DNA switches that help regulate astrocytes. Astrocytes are brain cells that support neurons, and they are known to be involved in Alzheimer's disease.

In research published on December 18 in Nature Neuroscience, a team from UNSW's School of Biotechnology & Biomolecular Sciences reported that they tested nearly 1000 possible switches in lab-grown human astrocytes. These switches are strings of DNA called enhancers. Enhancers can sit far from the genes they influence, sometimes separated by hundreds of thousands of DNA letters, which makes them difficult to investigate.

Testing nearly 1000 enhancers at once

To tackle that problem, the researchers combined CRISPRi with single-cell RNA sequencing. CRISPRi is a method that can switch off small stretches of DNA without cutting it. Single-cell RNA sequencing measures gene activity in individual cells. Together, the tools let the team examine the effects of nearly 1000 enhancers in a single large-scale test.




"We used CRISPRi to turn off potential enhancers in the astrocytes to see whether it changed gene expression," says lead author Dr. Nicole Green.

"And if it did, then we knew we'd found a functional enhancer and could then figure out which gene -- or genes -- it controls. That's what happened for about 150 of the potential enhancers we tested. And strikingly, a large fraction of these functional enhancers controlled genes implicated in Alzheimer's disease."

Cutting the list from 1000 candidates to about 150 confirmed switches greatly reduces the search area in the non-coding genome for genetic clues linked to Alzheimer's disease.

"These findings suggest that similar studies in other brain cell types are needed to highlight the functional enhancers in the vast space of non-coding DNA"

Why "in-between" DNA matters for many diseases

Professor Irina Voineagu, who oversaw the study, says the results also provide a useful reference for interpreting other genetic research. The team's findings create a catalogue of DNA regions that can help explain results from studies looking for disease-related genetic changes.




"When researchers look for genetic changes that explain diseases like hypertension, diabetes and also psychiatric and neurodegenerative disorders like Alzheimer's disease -- we often end up with changes not within genes so much, but in-between," she says.

Her team directly tested those "in-between" stretches in human astrocytes and showed which enhancers truly control key brain genes.

"We're not talking about therapies yet. But you can't develop them unless you first understand the wiring diagram. That's what this gives us -- a deeper view into the circuitry of gene control in astrocytes."

From gene switches to AI prediction models

Running nearly a thousand enhancer tests in the lab took painstaking effort. The researchers say this is the first time a CRISPRi enhancer screen of this size has been carried out in brain cells. Now that the groundwork has been done, the dataset can also be used to train computer models to predict which suspected enhancers are real gene switches, potentially saving years of lab work.

"This dataset can help computational biologists test how good their prediction models are at predicting enhancer function," says Prof. Voineagu.

She adds that Google's DeepMind team is already using the dataset to benchmark their recent deep learning model called AlphaGenome.

Potential tools for gene therapy and precision medicine

Because many enhancers are active only in specific cell types, targeting them could offer a way to fine-tune gene expression in astrocytes without changing neurons or other brain cells.

"While this is not close to being used in the clinic yet -- and much work remains before these findings could lead to treatments -- there is a clear precedent," Prof. Voineagu says.

"The first gene editing drug approved for a blood disease -- sickle cell anemia -- targets a cell-type specific enhancer."

Dr. Green says enhancer research could become an important part of precision medicine.

"This is something we want to look at more deeply: finding out which enhancers we can use to turn genes on or off in a single brain cell type, and in a very controlled way," she says.
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NASA just caught a rare glimpse of an interstellar comet | ScienceDaily
NASA's Europa Clipper spacecraft has captured important new data on the interstellar comet 3I/ATLAS using its Southwest Research Institute-led Ultraviolet Spectrograph (UVS). In July, 3I/ATLAS became the third officially confirmed interstellar object known to enter our solar system. The UVS instrument was able to observe the comet during a window when viewing from Mars and Earth was difficult or not possible.


						
"We're excited that this opportunity to view another target on the way to Jupiter was completely unexpected," said SwRI's Dr. Kurt Retherford, the principal investigator for Europa-UVS. "Our observations have allowed for a unique and nuanced view of the comet."

Europa Clipper launched in 2024 and is expected to reach the Jovian system in 2030. Once there, it will orbit Jupiter and carry out 49 close flybys of the moon Europa. UVS collects ultraviolet light to study the makeup of Europa's atmospheric gases and materials on its icy surface.

Timing matters when telescopes cannot see

Less than a week after the comet was discovered, analysts at NASA's Jet Propulsion Laboratory (JPL) mapped its path through the solar system. The Europa Clipper team soon recognized that the spacecraft could watch 3I/ATLAS in November, a period when the comet's position near the Sun would block much of the view from Earth and when Mars-based observing conditions were no longer at their best.

That timing let Europa Clipper fill a critical gap, connecting Mars-based observations from late September with later viewing opportunities from Earth. Because the comet's trajectory placed it between Europa Clipper and the Sun, the spacecraft had an unusual vantage point. This matters because comets typically show two main tails, a dust tail that trails behind and a plasma tail that points away from the Sun.

A behind-the-tails view and a second spacecraft perspective

From its sunward location, Europa-UVS captured a downstream view of both tails, looking largely from "behind" the tails back toward the comet's nucleus and coma (cloud of gas surrounding it). At the same time, observations from the SwRI-led UVS instrument aboard ESA's Jupiter Icy Moons Explorer (JUICE) will add an anti-sunward view, giving scientists a more typical angle during the exact same period.




"We're hopeful that this new view, along with observations from Earth-based assets and other spacecraft, will help us to piece together a more complete understanding of the tails' geometries," said SwRI's Dr. Thomas Greathouse, co-deputy principal investigator of Europa-UVS.

Europa-UVS identified oxygen, hydrogen, and dust-related signatures. These findings support the broader set of observations indicating that 3I/ATLAS went through a stretch of high outgassing activity shortly after its closest approach to the Sun.

"Europa-UVS is particularly adept at measuring fundamental transitions from atoms and molecules," Retherford said. "We can see gases come off the comet, and water molecules break apart into hydrogen and oxygen atoms."

Those measurements allow Europa Clipper to closely study these atomic species, offering a more detailed look at what is happening in the comet and what it is made of.

Clues to the comet's origin beyond our solar system

"Understanding the composition of the comet and how readily these gases are emitted can give us a clearer view of the comet's origin and how it may have evolved during transit from elsewhere in the galaxy to our solar system," SwRI's Dr. Tracy Becker, co-deputy principal investigator of Europa-UVS said. "What are the chemical processes at play, and how can we unravel the comet's origin in its own star system? Were those processes similar to how we believe our solar system formed? Those are big questions."

JPL manages the Europa Clipper mission for NASA's Science Mission Directorate in Washington, D.C. The mission was developed in partnership with the Johns Hopkins University Applied Physics Laboratory (APL), in Laurel, Maryland.
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Earth may have been ravaged by "invisible" explosions from space | ScienceDaily
Touchdown airbursts are a form of cosmic impact that may happen more often than the well-known, crater-forming events linked to mass extinctions. Despite their potential for destruction, these explosive encounters remain poorly understood. UC Santa Barbara Earth Science Emeritus Professor James Kennett and his colleagues argue that these powerful events deserve far more scientific attention.


						
"Touchdown events can cause extreme damage through very high temperatures and pressures," Kennett said. "And yet they don't necessarily form a crater, or they form ephemeral surface disturbances, but they're not the classic major craters that come from direct impacts."

Recent research led by Kennett includes four newly published studies presenting evidence for multiple airburst events that occurred at different points in the past. In these events, an incoming object such as a comet detonates above the ground, releasing intense heat and shockwaves that reach Earth's surface. The evidence comes from a wide range of locations, including deep ocean sediments in the North Atlantic and the ruins of an ancient desert city. Across these sites, researchers identified signs of extreme conditions, including rare elements tied to the original space object, glassy material formed from melted Earth sediments, tiny spherical particles created by intense heat, and shocked quartz showing distinctive crack patterns.

Younger Dryas Evidence Found Beneath the Ocean

One of the studies, published in the journal PLOS One, describes the first discovery of airburst-related impact markers in marine sediments connected to the Younger Dryas Impact Hypothesis (YDIH). The material was found in deep-sea cores recovered from Baffin Bay, off Greenland's western coast.

"Baffin Bay is very significant because it's the first time we've found evidence for the Younger Dryas cosmic impact event in the marine record," Kennett said. The Younger Dryas hypothesis proposes that around 12,800 years ago, fragments of a comet exploded above Earth, setting off a sudden global cooling episode known as the Younger Dryas. This period coincided with the disappearance of many large animals and major changes in human populations and cultures. Because the comet broke apart, multiple explosions likely occurred, igniting widespread fires. These fires left behind a distinctive carbon-rich layer known as a "black mat," found mainly across the Northern Hemisphere in parts of the Americas and Europe. This layer is also rich in platinum, iridium, metallic melt particles, shocked quartz, and fused minerals known as meltglass.

"They're preserved in marine sediments as deep as about 2,000 meters," Kennett said. He explained that while these materials do not directly measure the strength of the explosions, they demonstrate how powerful and far-reaching the event was and hint at its influence on climate. "The material was thrown up into the atmosphere, and was globally transported and deposited in a broadly distributed layer that we earlier have described."

Searching for a Missing Crater




Cosmic impacts vary widely, ranging from the constant fall of fine extraterrestrial dust to massive collisions that occur only once every tens of millions of years. Large impacts usually leave craters, which have long served as the strongest physical evidence for such events. Because touchdown airbursts often fail to deform the landscape in lasting ways, confirming their occurrence is much more difficult. This stands in contrast to famous sites like the Chicxulub crater near Mexico's Yucatan Peninsula, which is directly linked to the extinction of the dinosaurs.

"Previously, there has been no evidence for the Younger Dryas boundary (YDB) event of any crater or possible crater," said Kennett. "So these events are more difficult to detect, especially when they are older than a few thousand years and after being buried, leave little or no superficial evidence."

However, a shallow seasonal lake near Perkins in southeast Louisiana may represent the first known crater dating to the Younger Dryas Boundary. Writing in the ScienceOpen journal Airbursts and Cratering Impacts, the research team revisited a suggestion made in 1938 by the landowner, who noted the lake's circular shape and a "crater-like rim raised about 1 meter above the surrounding terrain." Detailed sediment studies did not begin until 2006. Between then and 2024, researchers examined multiple sediment cores from the site and identified meltglass, spherules, and shocked quartz. Radiocarbon dating placed these materials within the Younger Dryas period. Even so, the team emphasized that "further research would be beneficial for testing the hypothesis that the lake/depression resulted from a cosmic impact."

Reexamining Tunguska and Tall el-Hammam

Shocked quartz has long been recognized as a sign of extreme heat and pressure from cosmic impacts. Traditionally, this evidence has been associated with large crater-forming events that produce straight, parallel cracks in quartz grains. In two additional papers published in Airbursts and Cratering Impacts, the researchers argue that airbursts can generate a wider range of fracture patterns. To support this, they analyzed samples from the site of the Tunguska explosion in Siberia in 1908 and revisited findings from Tall el-Hammam, an ancient city in the Levant believed to have been destroyed by a similar event about 3,600 years ago.

"The interesting thing about Tunguska is that it is the only recorded historical touchdown event," Kennett said. The explosion was witnessed by people on the ground, who described a bright fireball, and photographs later documented vast areas of flattened forest. Despite decades of study focused on fallen trees and soil damage, scientists had rarely searched for microscopic impact evidence. The new work represents the first comprehensive identification of airburst-related impact materials at Tunguska.




At the Tunguska site, researchers found shocked quartz showing clear planar fractures, some of which were filled with meltglass. They also identified tiny impact-formed spheres, along with melted metal and carbon. The energy released by the blast may have also created small depressions in the ground that later filled with water, forming today's swamps and lakes.

The team also strengthened the case for an airburst over Tall el-Hammam during the Middle Bronze Age. Alongside previously reported spherules, carbon, meltglass, and rare minerals, they documented shocked quartz displaying a wide variety of crack patterns. These included classic parallel fractures as well as curved, web-like, and sub-planar features, suggesting intense pressures and complex blast directions similar to those observed at Tunguska.

A More Common and Widespread Threat

Together, the new studies support the idea that cosmic impacts, particularly touchdown airbursts, may be far more frequent than scientists once assumed.

"They're far more common, but also possess much more destructive potential than the more localized, classic crater-forming asteroidal impacts." said Kennett. "The destruction from touchdown events can be much more widespread.And yet they haven't been very well studied, so these should be of interest to humanity."
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Gravitational waves may reveal hidden dark matter around black holes | ScienceDaily
Scientists at the University of Amsterdam have developed a new way to use gravitational waves from black holes to uncover the presence of dark matter and learn more about its behavior. Their approach relies on a detailed theoretical model grounded in Einstein's theory of general relativity. This model carefully describes how a black hole interacts with material in its immediate environment, including dark matter that cannot be seen directly.


						
The research was carried out by Rodrigo Vicente, Theophanes K. Karydas and Gianfranco Bertone from the UvA Institute of Physics (IoP) and the GRAPPA center of excellence for Gravitation and Astroparticle Physics Amsterdam. Their findings were published in the journal Physical Review Letters. In the study, the team presents a more advanced method for calculating how dark matter surrounding black holes subtly alters the gravitational waves those systems produce.

Extreme Mass Ratio Inspirals and Long Gravitational Signals

The study concentrates on a class of systems known as extreme mass-ratio inspirals, or EMRIs. These occur when a small, dense object -- such as a black hole created by the collapse of a single star -- moves in orbit around a much larger black hole, usually one located at the center of a galaxy. Over time, the smaller object gradually spirals inward, emitting gravitational waves throughout this slow descent.

Upcoming space missions, including the European Space Agency's LISA space antenna scheduled for launch in 2035, are expected to observe these signals for very long periods. Some EMRI events may be tracked for months or even years, covering hundreds of thousands to millions of individual orbits. When scientists can model these signals with high precision, the resulting data act like detailed "cosmic fingerprints" that reveal how matter is arranged near massive black holes. This includes dark matter, which is believed to make up most of the matter in the Universe.

Why a Fully Relativistic Model Matters

Before observatories like LISA begin collecting data, researchers must understand in advance what kinds of gravitational wave patterns they should expect and how to interpret them. Until now, many studies have used simplified models that only roughly describe how the surrounding environment influences EMRIs. According to the authors, these approximations leave out important physical effects.




The new work addresses this limitation by introducing the first fully relativistic framework for a wide range of possible environments. This means the calculations rely entirely on Einstein's theory of gravity rather than simplified Newtonian approximations. As a result, the model can more accurately describe how matter around a massive black hole changes the orbit of the smaller object and reshapes the gravitational waves that are emitted.

Dark Matter Spikes and Detectable Imprints

A key focus of the study is on dense regions of dark matter that may form around massive black holes. These concentrations are often referred to as "spikes" or "mounds." By incorporating their relativistic model into modern gravitational waveform calculations, the researchers demonstrate that such dark matter structures would leave distinct, measurable signatures in the signals detected by future observatories.

The authors describe this research as an essential step toward a larger scientific goal. Over time, they hope gravitational waves can be used to chart how dark matter is distributed throughout the Universe and provide new insight into its fundamental nature.
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        Oceans are supercharging hurricanes past Category 5
        Deep ocean hot spots packed with heat are making the strongest hurricanes and typhoons more likely--and more dangerous. These regions, especially near the Philippines and the Caribbean, are expanding as climate change warms ocean waters far below the surface. As a result, storms powerful enough to exceed Category 5 are appearing more often, with over half occurring in just the past decade. Researchers say recognizing a new "Category 6" could improve public awareness and disaster planning.

      

      
        New technology eliminates "forever chemicals" with record-breaking speed and efficiency
        A new eco-friendly technology can capture and destroy PFAS, the dangerous "forever chemicals" found worldwide in water. The material works hundreds to thousands of times faster and more efficiently than current filters, even in river water, tap water, and wastewater. After trapping the chemicals, the system safely breaks them down and refreshes itself for reuse. It's a rare one-two punch against pollution: fast cleanup and sustainable destruction.

      

      
        Scientists say evolution works differently than we thought
        A major evolutionary theory says most genetic changes don't really matter, but new evidence suggests that's not true. Researchers found that helpful mutations happen surprisingly often. The twist is that changing environments prevent these mutations from spreading widely before they become useless or harmful. Evolution, it turns out, is less about reaching perfection and more about endlessly chasing a moving target.

      

      
        What you eat could decide the planet's future
        What we put on our plates may matter more for the climate than we realize. Researchers found that most people, especially in wealthy countries, are exceeding a "food emissions budget" needed to keep global warming below 2degC. Beef alone accounts for nearly half of food-related emissions in Canada. Small changes--less waste, smaller portions, and fewer steaks--could add up to a big climate win.

      

      
        We are living in a golden age of species discovery
        The search for life on Earth is speeding up, not slowing down. Scientists are now identifying more than 16,000 new species each year, revealing far more biodiversity than expected across animals, plants, fungi, and beyond. Many species remain undiscovered, especially insects and microbes, and future advances could unlock millions more. Each new find also opens doors to conservation and medical breakthroughs.

      

      
        Why evolution rewarded ants that sacrificed protection
        Some ants thrive by choosing numbers over strength. Instead of heavily protecting each worker, they invest fewer resources in individual armor and produce far more ants. Larger colonies then compensate with collective behaviors like group defense and coordinated foraging. The strategy has been linked to evolutionary success and greater species diversity.

      

      
        This fish-inspired filter removes over 99% of microplastics
        Washing machines release massive amounts of microplastics into the environment, mostly from worn clothing fibers. Researchers at the University of Bonn have developed a new, fish-inspired filter that removes over 99% of these particles without clogging. The design mimics the funnel-shaped gill system used by filter-feeding fish, allowing fibers to roll away instead of blocking the filter. The low-cost, patent-pending solution could soon be built directly into future washing machines.

      

      
        Dinosaur bones found almost on top of each other in Transylvania
        Scientists exploring Romania's Hateg Basin have discovered one of the densest dinosaur fossil sites ever found, with bones lying almost on top of each other. The K2 site preserves thousands of remains from a prehistoric flood-fed lake that acted like a natural bone trap 72 million years ago. Alongside common local dinosaurs, researchers uncovered the first well-preserved titanosaur skeletons ever found in the region. The site reveals how ancient European dinosaur ecosystems formed and evolved in ...

      

      
        A traditional Brazilian plant shows unexpected strength against arthritis
        A Brazilian study has confirmed that Joseph's Coat, a plant used for generations in folk medicine, can significantly reduce inflammation and arthritis symptoms in lab tests. Researchers observed less swelling, healthier joints, and signs of tissue protection. Just as important, the extract showed a promising safety profile at tested doses. The discovery could pave the way for new plant-based anti-inflammatory treatments.

      

      
        Global warming could trigger the next ice age
        Scientists have uncovered a missing feedback in Earth's carbon cycle that could cause global warming to overshoot into an ice age. As the planet warms, nutrient-rich runoff fuels plankton blooms that bury huge amounts of carbon in the ocean. In low-oxygen conditions, this process can spiral out of control, cooling Earth far beyond its original state. While this won't save us from modern climate change, it may explain Earth's most extreme ancient ice ages.

      

      
        Hidden seismic signals hint at a tsunami threat in Alaska
        Researchers studying a massive landslide in Alaska have detected strange seasonal seismic pulses caused by water freezing and thawing in rock cracks. These faint signals could become an important early clue to changes that might someday trigger a dangerous landslide-driven tsunami.

      

      
        Ancient sewers expose a hidden health crisis in Roman Britain
        Sediments from a Roman latrine at Vindolanda show soldiers were infected with multiple intestinal parasites, including roundworm, whipworm, and Giardia -- the first time Giardia has been identified in Roman Britain. These parasites spread through contaminated food and water, causing diarrhea, weakness, and long-term illness. Even with sewers and communal toilets, infections passed easily between soldiers. The discovery highlights how harsh and unhealthy life could be on Rome's northern frontier.

      

      
        Scientists found climate change hidden in old military air samples
        Old military air samples turned out to be a treasure trove of biological DNA, allowing scientists to track moss spores over 35 years. The results show mosses now release spores up to a month earlier than in the 1990s. Even more surprising, the timing depends more on last year's climate than current spring conditions. It's a striking example of how fast ecosystems are adjusting to a warming world.

      

      
        This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules
        Balanophora is a plant that abandoned photosynthesis long ago and now lives entirely as a parasite on tree roots, hidden in dark forest undergrowth. Scientists surveying rare populations across East Asian islands uncovered how its cellular machinery shrank but didn't disappear, revealing unexpected similarities to parasites like malaria. Some island species even reproduce without sex, cloning themselves to colonize new habitats. This strange survival strategy comes with risks, leaving the plant h...

      

      
        A stunning new forecast shows when thousands of glaciers will vanish
        New research reveals when glaciers around the world will vanish and why every fraction of a degree of warming could decide their fate.

      

      
        Ancient oceans were ruled by super predators unlike anything today
        Long before whales and sharks, enormous marine reptiles dominated the oceans with unmatched power. Scientists have reconstructed a 130-million-year-old marine ecosystem from Colombia and found predators operating at a food-chain level higher than any seen today. The ancient seas were bursting with life, from giant reptiles to rich invertebrate communities. This extreme complexity reveals how intense competition helped drive the evolution of modern marine ecosystems.

      

      
        Earth may have been ravaged by "invisible" explosions from space
        Cosmic "touchdown airbursts" -- explosions of comets or asteroids above Earth's surface -- may be far more common and destructive than previously thought, according to new research. Unlike crater-forming impacts, these events unleash extreme heat and pressure without leaving obvious scars, making them harder to detect.

      

      
        From biting flies to feathered dinosaurs, scientists reveal 70 new species
        Researchers announced over 70 new species in a single year, including bizarre insects, ancient dinosaurs, rare mammals, and deep-river fish. Many were found not in the wild, but in museum collections, proving that major discoveries can still be hiding in plain sight.

      

      
        Scientists found a hidden clock inside dinosaur eggshells
        Researchers have found that fossilized dinosaur eggshells contain a natural clock that can reveal when dinosaurs lived. The technique delivers surprisingly precise ages and could revolutionize how fossil sites around the world are dated.
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Oceans are supercharging hurricanes past Category 5 | ScienceDaily
Ocean regions that fuel the planet's most powerful hurricanes and typhoons are heating up in the North Atlantic and Western Pacific. These changes are being driven not just by warmer surface waters, but by heat that now extends far below the ocean surface. New research suggests that human-caused climate change may account for as much as 70% of the expansion of these storm-forming hot spots.


						
As these hot spots grow, they increase the likelihood that exceptionally intense tropical cyclones, sometimes described as Category '6' storms, could make landfall near heavily populated coastlines.

"The hot spot regions have expanded," said I-I Lin, a chair professor in the Department of Atmospheric Science at the National Taiwan University.

Lin shared the research during an oral presentation focused on tropical cyclones at AGU's 2025 Annual Meeting in New Orleans, Louisiana.

Why Scientists Are Calling for a New Storm Category

Lin has studied the most extreme hurricanes and typhoons for more than ten years. Her work intensified after Typhoon Haiyan -- also known as Super Typhoon Yolanda -- struck the Philippines at peak strength in November 2013, killing thousands of people. In 2014, Lin and her colleagues published research in the AGU journal Geophysical Research Letters arguing that storms of this magnitude warrant a new classification, Category 6.

Under their proposal, Category 6 tropical cyclones would include storms with wind speeds exceeding 160 knots. Until now, any storm stronger than 137 knots has been grouped into Category 5, which most weather agencies still consider the highest level. Lin noted that most hurricane categories span a range of about 20 knots, making a separate Category 6 more consistent with how storms are classified. Category 4, for example, includes winds between 114-137 knots.




The Strongest Storms on Record

Several well-known storms would fall into this proposed Category 6. Hurricane Wilma in 2005 remains the most intense hurricane ever measured in the Atlantic basin. Typhoon Haiyan also meets the criteria, as does Typhoon Hagibis, which hit Tokyo in 2019. Hagibis caused enormous damage from rain and wind, Lin said, even though the storm had weakened somewhat before reaching the city.

Another standout example is Hurricane Patricia, which developed in the Pacific Ocean off Mexico's coast. Patricia holds the record as the strongest tropical cyclone ever observed, with winds reaching up to 185 knots -- powerful enough to qualify as a Category 7 storm, if such a category existed, Lin said. "Patricia was the king of the world," she added.

Burgeoning ocean hotspots feed big storms

To understand how often these extreme storms occur, Lin and her team reviewed records of major tropical cyclones from roughly the past 40 years. Their analysis shows that storms exceeding 160 knots are appearing more frequently. Between 1982 and 2011, eight such storms were recorded. From 2013 to 2023, that number rose to 10.

In total, 18 Category '6' storms have occurred over the past four decades, with more than half forming in just the most recent decade.




Where the Most Dangerous Storms Are Forming

Lin's ongoing research, which she discussed at the American Geophysical Union's 2025 Annual Meeting, shows that nearly all Category '6' tropical cyclones develop within specific ocean hot spots. The largest of these lies in the Western Pacific, east of the Philippines and Borneo. Another major hot spot stretches across parts of the North Atlantic near and east of Cuba, Hispaniola and Florida.

The study also found that these hot spots are expanding. In the North Atlantic, the region has spread eastward beyond the northern coast of South America and westward into much of the Gulf. The Western Pacific hot spot has also increased in size.

Why Deep Ocean Heat Makes Storms Stronger

The defining feature of these hot spots is not just warm surface water, but unusually deep layers of heat beneath the surface. In many parts of the ocean, strong storms stir up cooler water from below, which can weaken the storm. In hot spot regions, however, warm water extends so deep that storms do not cool as easily.

Even so, Lin emphasized that warm ocean conditions alone do not guarantee the formation of a Category '6' storm. Atmospheric conditions must also align. "The hot spots are a necessary but not sufficient condition," she said.

Climate Change Plays a Major Role

The researchers examined what is driving the expansion of these deep warm-water regions and found that both natural temperature cycles and long-term warming contribute. However, their analysis suggests that human-caused climate change is responsible for roughly 60-70% of the growth of these hot spots. This expansion, in turn, increases the likelihood of Category '6' tropical cyclones.

Lin said that formally recognizing Category '6' storms could help governments and communities better prepare for future impacts, especially in regions where these extreme systems are becoming more common. "We really think there is a need just to provide the public with more important information," Lin said.
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New technology eliminates "forever chemicals" with record-breaking speed and efficiency | ScienceDaily
A research team at Rice University, working with international collaborators, has created the first environmentally friendly technology that can quickly trap and break down toxic "forever chemicals" (PFAS) in water. The results, published recently in Advanced Materials, represent a meaningful advance against one of the most stubborn pollution threats worldwide.


						
The project was led by Youngkun Chung, a postdoctoral fellow mentored by Michael S. Wong, a professor at Rice's George R. Brown School of Engineering and Computing. The effort also included Seoktae Kang, a professor at the Korea Advanced Institute of Science and Technology (KAIST), and Keon-Ham Kim, a professor at Pukyung National University in South Korea.

What Are PFAS and Why Are They a Problem

PFAS, short for per- and polyfluoroalkyl substances, are man-made chemicals that date back to the 1940s. They have been used in many everyday products, including Teflon pans, waterproof clothing, and some food packaging. PFAS became popular because they resist heat, grease, and water, but that same durability also means they break down very slowly, which is why they are often called "forever chemicals."

PFAS have now spread widely and can be found in water, soil, and air around the world. Research has linked exposure to liver damage, reproductive disorders, immune system disruption, and certain cancers. Cleanup has been difficult because once PFAS enter the environment, they are hard to remove and even harder to destroy.

Why Current PFAS Removal Methods Fall Short

Many standard approaches rely on adsorption, meaning the chemicals stick to materials such as activated carbon or ion-exchange resins. These methods are common, but they have major limitations, including low efficiency, slow operation, limited capacity, and the buildup of additional contaminated waste that still has to be handled.




"Current methods for PFAS removal are too slow, inefficient and create secondary waste," said Wong, the Tina and Sunit Patel Professor in Molecular Nanotechnology and professor of chemical and biomolecular engineering, chemistry and civil and environmental engineering. "Our new approach offers a sustainable and highly effective alternative."

The Breakthrough LDH Material That Works Fast

The new approach is built around a layered double hydroxide (LDH) material made from copper and aluminum. Kim first identified this type of material while he was a graduate student at KAIST in 2021. As the team explored these compounds further, Chung found that a specific version containing nitrate could adsorb PFAS with unusually high performance.

"To my astonishment, this LDH compound captured PFAS more than 1,000 times better than other materials," said Chung, a lead author of the study and now a fellow at Rice's WaTER (Water Technologies, Entrepreneurship and Research) Institute and Sustainability Institute. "It also worked incredibly fast, removing large amounts of PFAS within minutes, about 100 times faster than commercial carbon filters."

Researchers say the impressive results come from the material's internal design. Its ordered copper-aluminum layers, along with small charge imbalances, create a highly favorable surface where PFAS molecules can attach quickly and strongly.

Tested in River Water, Tap Water, and Wastewater

To see how well the system could perform outside the lab, the team tested the LDH material in river water, tap water, and wastewater. Across all three, it remained highly effective. It also performed well in both static tests and continuous-flow setups, pointing to possible use in municipal water treatment systems and industrial cleanup.




Closing the Loop With PFAS Destruction and Reuse

Capturing PFAS is only half the battle since the chemicals still need to be destroyed safely. Working with Rice professors Pedro Alvarez and James Tour, Chung developed a process to thermally decompose PFAS after they are captured on the LDH material. When the PFAS-loaded material was heated with calcium carbonate, the researchers removed more than half of the trapped PFAS without releasing toxic by-products. The same step also regenerated the LDH, making it possible to use the material again.

Early testing showed the material could go through at least six complete cycles of capture, destruction, and renewal. That makes it the first known eco-friendly, sustainable system for PFAS removal that combines rapid cleanup with repeated reuse.

International Collaboration and Research Support

"We are excited by the potential of this one-of-a-kind LDH-based technology to transform how PFAS-contaminated water sources are treated in the near future," Wong said. "It's the result of an extraordinary international collaboration and the creativity of young researchers."

A list of all the researchers involved in this study and their institutional affiliations can be found here. This research was supported by the Basic Science Research Program through the National Research Foundation of Korea funded by the Ministry of Education (2021R1A6A3A14044449, RS-2023-00242795), grants from the National Convergence Research of Scientific Challenges and the Sejong Science Fellowship through the National Research Foundation of Korea and funding from the Ministry of Science (NRF-2022M3C1C8094245) and ICT (RS-2024-00395438). This work was also funded by Saudi Aramco-KAIST CO2 Management, Nanosystems Engineering Research Center for Nanotechnology-Enabled Water Treatment (NEWT), the U.S. Army Corps of Engineers' Engineering Research and Development Center grant (W912HZ-21-2-0050), Rice Sustainability Institute and Rice WaTER Institute.
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Scientists say evolution works differently than we thought | ScienceDaily
For decades, many evolutionary biologists have believed that most genetic changes shaping genes and proteins are neutral. Under this view, mutations are usually neither helpful nor harmful, allowing them to spread quietly without being strongly favored or rejected by natural selection.


						
A new study from the University of Michigan challenges that long-standing assumption and suggests evolution may work very differently than once thought.

Rethinking the Neutral Theory of Evolution

As species evolve, random genetic mutations arise. Some of these mutations become fixed, meaning they spread until every individual in a population carries the change. The Neutral Theory of Molecular Evolution argues that most mutations that reach this stage are neutral. Harmful mutations are quickly eliminated, while helpful ones are assumed to be extremely rare, explains evolutionary biologist Jianzhi Zhang.

Zhang and his colleagues set out to test whether this idea holds up when examined more closely. Their results pointed to a major problem. The researchers found that beneficial mutations occur far more often than the Neutral Theory allows. At the same time, they observed that the overall rate at which mutations become fixed in populations is much lower than would be expected if so many helpful mutations were taking hold.

Why Beneficial Mutations Often Do Not Last

To explain this contradiction, the team proposed a new explanation rooted in environmental change. A mutation that provides an advantage in one setting may become harmful once conditions shift. Because environments change frequently, many beneficial mutations never spread widely enough to become fixed.




The study, which was supported by the U.S. National Institutes of Health, was published in Nature Ecology and Evolution.

"We're saying that the outcome was neutral, but the process was not neutral," said Zhang, a professor of ecology and evolutionary biology at U-M. "Our model suggests that natural populations are not truly adapted to their environments because environments change very quickly, and populations are always chasing the environment."

Zhang calls this framework Adaptive Tracking with Antagonistic Pleiotropy. The idea helps explain why organisms are rarely perfectly matched to their surroundings.

What This Means for Humans and Other Species

Zhang believes the findings have wide-ranging implications, including for humans. Modern environments differ dramatically from those our ancestors experienced, which may help explain why certain genetic traits no longer serve us as well as they once did.

"I think this has broad implications. For example, humans. Our environment has changed so much, and our genes may not be the best for today's environment because we went through a lot of other different environments. Some mutations may be beneficial in our old environments, but are mismatched to today," Zhang said.




He added that how well a population is adapted depends on how recently its environment has changed.

"At any time when you observe a natural population, depending on when the last time the environment had a big change, the population may be very poorly adapted or it may be relatively well adapted. But we're probably never going to see any population that is fully adapted to its environment, because a full adaptation would take longer than almost any natural environment can remain constant."

How Scientists Studied Beneficial Mutations

The Neutral Theory of Molecular Evolution was introduced in the 1960s, when advances in protein and gene sequencing allowed scientists to study evolution at the molecular level rather than focusing only on physical traits like shape and structure.

To measure how often beneficial mutations occur, Zhang and his team analyzed large deep mutational scanning datasets generated by their own lab and others. In these experiments, researchers deliberately created many different mutations within a single gene or section of the genome in organisms such as yeast and E. coli.

They then tracked these organisms over many generations and compared their growth to the wild type, or the most common form found in nature. By measuring growth differences, the researchers could estimate whether a mutation helped or harmed the organism.

The results showed that more than 1% of mutations were beneficial. This rate is far higher than what the Neutral Theory predicts. If all those helpful mutations became fixed, nearly all genetic changes would be beneficial and evolution would proceed much faster than what scientists actually observe. That realization led the team to question the assumption that environments stay constant over time.

Testing Evolution in Changing Environments

To explore the effects of environmental shifts, the researchers studied two groups of yeast. One group evolved in a stable environment for 800 generations (each generation lasted 3 hours). The second group evolved for the same number of generations but in a changing environment made up of 10 different types of media, or growth solutions. Each medium was used for 80 generations before switching to the next.

The yeast exposed to changing conditions showed far fewer beneficial mutations becoming established than those in the stable environment. Even when advantageous mutations appeared, they rarely lasted long enough to spread before conditions changed again.

"This is where the inconsistency comes from. While we observe a lot of beneficial mutations in a given environment, those beneficial mutations do not have a chance to be fixed because as their frequency increases to a certain level, the environment changes," Zhang said. "Those beneficial mutations in the old environment might become deleterious in the new environment."

Limits and Next Steps

Zhang cautioned that the study focused on yeast and E. coli, single-celled organisms where the effects of mutations are easier to measure. Data from multicellular organisms will be needed to determine whether the same patterns apply to more complex life, including humans.

The research team is now planning follow-up studies to better understand why it takes so long for organisms to fully adapt even when environmental conditions remain stable.

Other authors of the study include former U-M graduate students Siliang Song and Xukang Shen and former U-M postdoctoral researcher Piaopiao Chen.
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What you eat could decide the planet's future | ScienceDaily
eople, the holidays often bring joyful indulgence, followed by regret and ambitious New Year's resolutions to eat better.
A recent study from the University of British Columbia suggests moderation should not be a seasonal goal but a long-term one. The research found that 44 percent of the global population would need to change their eating habits to keep global warming below 2 degC.
The study was led by Dr. Juan Diego Martinez while he was a doctoral student at UBC's Institute for Resources, Environment and Sustainability. He explains what the research uncovered and outlines practical diet changes that could make a real difference.

What did you find? 

Half of us globally and at least 90 percent of Canadians need to change our diets to prevent severe planetary warming. And that number is conservative, because we used 2012 data. Since then, emissions and the world's population have both increased. Looking ahead to 2050, we found that 90 percent of us will need to be eating differently.

We looked at data from 112 countries, accounting for 99 percent of food-related greenhouse gas emissions globally, and divided each country's population into 10 income groups. We calculated a food emissions budget for each person by combining emissions from food consumption, global food production and supply chains, and compared these emissions to the total the world can afford if we want to stay below 2 degC of warming.

Why focus on dietary changes rather than, say, flying less?

The world's food systems are responsible for more than one-third of all human greenhouse gas emissions.

We found that the 15 percent of people who emitted the most account for 30 percent of total food emissions, equaling the contribution of the entire bottom 50 percent. This select group consists of the wealthiest people in high emissions countries, including the Central African Republic, Brazil and Australia.




Even though this group is emitting a lot, there is a much higher number of people whose diets are above that cap. This is why half, not just the richest, of the global population needs to change diets. In Canada, all 10 income groups are above the cap.

Debates around flying less, driving electric and buying fewer luxury goods are valid: We need to reduce emissions any way we can. However, food emissions are not just a problem for the richest -- we all need to eat, so we can all make a change. For people who are both flying frequently and eating lots of beef, it's not an either/or: Try to reduce both.

What changes can we make to our diets? 

Eat only what you need. Repurpose what you don't. Less wasted food means fewer emissions, less cooking and more easy, tasty leftovers.

Eliminate or reduce your beef consumption -- 43 percent of food-related emissions from the average Canadian come from beef alone. We could have had our beef and eaten it too if we'd followed the agreements laid out in the Kyoto Protocol, but we're now at a point where food emissions also need to fall to avoid the worst of climate change.

I grew up in Latin America where eating a lot of beef is part of the culture, so I get how much of an ask this is. But we just can't deny the data anymore.

Vote with your fork. This is a first step to demand change from your political leaders. The more we talk about our own dietary changes and what matters to us, the more politicians will begin to care about policies that bring positive changes to our food systems.
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We are living in a golden age of species discovery | ScienceDaily
Roughly three centuries ago, Swedish naturalist Carl Linnaeus set out to catalog and name every living organism he could find. He is now widely regarded as the founder of modern taxonomy after introducing the binomial naming system and formally describing more than 10,000 species of plants and animals. Scientists have continued that mission ever since, steadily expanding humanity's understanding of Earth's biodiversity.


						
A new study led by researchers at the University of Arizona and published in Science Advances shows that the pace of discovery is accelerating. Today, scientists are identifying more than 16,000 new species each year, the highest rate ever recorded. The researchers say this trend is not slowing and suggest that groups such as plants, fungi, arachnids, fishes and amphibians are far more diverse than previously believed.

"Some scientists have suggested that the pace of new species descriptions has slowed down and that this indicates that we are running out of new species to discover, but our results show the opposite," said John Wiens, a professor in the University of Arizona Department of Ecology and Evolutionary Biology, in the College of Science, and senior author of the paper. "In fact, we're finding new species at a faster rate than ever before."

What the Data Reveal About Global Biodiversity

To reach their conclusions, the team examined the taxonomic records of roughly 2 million species from across all major forms of life. Looking at the most recent period with comprehensive data, between 2015 and 2020, they found that researchers documented an average of more than 16,000 new species per year. These discoveries included more than 10,000 animals (dominated by arthropods and insects), about 2,500 plants, and roughly 2,000 fungi.

"Our good news is that this rate of new species discovery far outpaces the rate of species extinctions, which we calculated to about 10 per year," said Wiens, referring to another study he led that was published in October. "These thousands of newly found species each year are not just microscopic organisms, but include insects, plants, fungi and even hundreds of new vertebrates."

More Species Than Ever and Many Still Undiscovered

Wiens and his co-authors found that scientists are describing more species annually than at any other time in history. They also used long-term trends in discovery rates to estimate how many species may exist overall. Their projections suggest there could be as many as 115,000 fish species and 41,000 amphibian species, compared with about 42,000 fish and 9,000 amphibians currently described. The researchers also estimate that the total number of plant species could exceed half a million.




"As the famous ecologist Robert May said, if visiting aliens asked us how many species live on our planet, we would have no definitive answer," said Wiens. "Right now, we know of about 2.5 million species, but the true number may be in the tens or hundreds of millions or even the low billions."

The team expects the discovery rate to keep rising. For instance, scientists have formally identified around 1.1 million insect species, but many researchers estimate the real number is closer to 6 million. In earlier work, Wiens suggested the total could even approach 20 million.

"Right now, most new species are identified by visible traits," said Wiens. He explained that advances in molecular techniques are making it possible to detect species that look similar on the surface but differ genetically. This approach is especially promising for uncovering previously unrecognized bacteria and fungi.

Why Discovering New Species Matters

"Discovering new species is important because these species can't be protected until they're scientifically described," Wiens added. "Documentation is the first step in conservation -- we can't safeguard a species from extinction if we don't know it exists."

New discoveries also play a role in improving human health and technology. Many natural products come from living organisms, including GLP-1 receptor agonists, popular weight-loss drugs inspired by a hormone found in Gila monsters. Compounds from spider and snake venoms, along with substances produced by plants and fungi, are being studied for their potential to treat pain, cancer, and other conditions.




Beyond medicine, nature often inspires innovation. Some species have physical traits that serve as models for new materials and technologies, such as surfaces designed to mimic the "super-clinging" feet that allow geckos to scale vertical walls.

"We're still just scratching the surface of what these species can do for humanity," Wiens said.

Mapping the Future of Discovery

Looking ahead, the researchers plan to chart where new species are most frequently found to pinpoint regions rich in undiscovered life. They are also examining who is making these discoveries to see whether the field has shifted from being dominated by European scientists to researchers documenting species in their own home countries.

"Even though Linnaeus' quest to identify species began 300 years ago, 15% of all known species have been discovered in just the past 20 years," Wiens said. "So much remains unknown, and each new discovery brings us closer to understanding and protecting the incredible biodiversity of life on our planet."
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Why evolution rewarded ants that sacrificed protection | ScienceDaily

The question is playful and unrealistic, but it points to a serious idea: the tension between quantity and quality. New research suggests this same tradeoff has shaped evolution, especially in the rise of complex animal societies.

How ants choose numbers over toughness

A study published on December 19, 2025, in the journal Science Advances reports that some ant species organize their colonies by prioritizing numbers rather than individual strength. These ants invest less in each worker's cuticle -- the hard outer layer of the exoskeleton -- which frees up valuable nutrients. Those resources can then be used to produce more workers. According to the researchers, this approach of creating many less-protected ants instead of fewer heavily armored ones proved to be evolutionarily successful. The findings help explain how individuals can change as large, complex societies develop, including those seen in humans.

"There's this question in biology of what happens to individuals as societies they are in get more complex. For example, the individuals may themselves become simpler because tasks that a solitary organism would need to complete can be handled by a collective," said senior author Evan Economo, chair of the Department of Entomology at the University of Maryland.

In this context, individuals can become what scientists describe as "cheaper." That means they require fewer resources to build and can be produced in larger numbers, even if each one is less physically robust.

"That idea hasn't been explicitly tested with large-scale analyses of social insects until now," said Economo, who also holds the James B. Gahan and Margaret H. Gahan Professorship at UMD.




Why ants are ideal for studying social evolution

Ants offer an unusually good system for exploring how complex societies evolve. Depending on the species, ant colonies can range from just a few dozen members to many millions.

"Ants are everywhere," said lead author Arthur Matte, a Ph.D. student in zoology at the University of Cambridge. "Yet the fundamental biological strategies which enabled their massive colonies and extraordinary diversification remain unclear."

The research team proposed that colony size might be linked to how much ants invest in their cuticle.

The cost of building body armor

The cuticle plays several important roles. It helps protect ants from predators, drying out, and disease, and it provides structural support for their muscles. At the same time, it is expensive to produce because it requires limited nutrients such as nitrogen and various minerals. Making a thicker cuticle uses more of these resources, which could restrict how many individuals a colony can support.




To investigate this idea, the researchers analyzed a large dataset of 3D X-ray scans from more than 500 ant species. They measured both total body volume and cuticle volume, finding that investment in the cuticle varied widely, from 6% to 35% of an ant's body. When these measurements were fed into evolutionary models, a clear trend emerged: species that devoted less of their body to cuticle tended to form larger colonies.

Bigger colonies through collective strength

While thinner cuticles leave individual ants more vulnerable, the authors suggest this tradeoff may actually encourage the growth of large societies. Reduced armor may go hand in hand with other helpful social traits, including cooperative foraging, shared nest defense, and division of labor, all of which tend to become more pronounced as colonies grow.

"Ants reduce per-worker investment in one of the most nutritionally expensive tissues for the good of the collective," Matte explained. "They're shifting from self-investment toward a distributed workforce, resulting in more complex societies. It's a pattern that echoes the evolution of multicellularity, where cooperative units can be individually simpler than a solitary cell, yet collectively capable of far greater complexity."

The researchers also found that lower investment in the cuticle was linked to higher diversification rates. Biologists often use diversification, which reflects how frequently new species form, as a marker of evolutionary success. Economo noted that very few traits have been connected to diversification in ants, making this result especially striking.

Why less armor may lead to more species

Exactly why reduced cuticle investment promotes speciation is still unclear. One leading idea is that ants with lower nutritional demands can expand into environments where resources are limited.

"Requiring less nitrogen could make them more versatile and able to conquer new environments," said Matte, who began the work during his master's program while interning in Economo's lab at the Okinawa Institute of Science and Technology in Japan.

The authors also suggest that as ant societies became more complex, group-level defenses such as collective nest protection and disease control reduced the need for heavy individual armor. This may have created a reinforcing cycle. Lower cuticle investment allows colonies to grow larger, and larger colonies further reduce the pressure for each ant to be strongly protected.

"I think of this as the evolution of squishability," laughed Economo. "Many kids have discovered that insects aren't all equally robust."

Other social organisms, including termites, may have followed similar evolutionary paths, although that possibility still needs further testing.

What ant societies can teach us about humans

The findings also have implications beyond insects. The researchers draw parallels to human military history, where heavily armored knights were eventually replaced by specialized soldiers such as archers and crossbowmen. Economo also pointed to Lanchester's Laws -- mathematical equations developed during World War I that examine when large numbers of weaker fighters can overpower a smaller force of stronger ones.

"The tradeoff between quantity and quality is all around. It's in the food you eat, the books you read, the offspring you want to raise," Matte said. "It was fascinating to retrace how ants handled it through their long evolution. We could see lineages taking different directions, being shaped by different constraints and environments, and ultimately giving rise to the extraordinary diversity we observe today."

The paper, "The evolution of cheaper workers facilitated larger societies and accelerated diversification in ants," was published in the journal Science Advances on December 19, 2025.

This research was supported by the Okinawa Institute of Science and Technology, the Japan Society for the Promotion of Science KAKENHI (24K01785), the University of Cambridge and the General Research Fund 2022/2023 (17121922) from the Research Grant Council of Hong Kong. This article does not necessarily reflect the views of these organizations.
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This fish-inspired filter removes over 99% of microplastics | ScienceDaily
Wastewater from washing machines is widely seen as a major source of microplastics -- tiny plastic particles suspected of harming both people and animals. To help reduce that pollution, researchers at the University of Bonn have created a new filter based on a natural model: the gill arch system in fish. In early tests, the patent-pending device removed more than 99 percent of plastic fibers from washing machine wastewater. The findings were published in the journal npj Emerging Contaminants.


						
A washing machine used by a four-person household can generate up to 500 grams of microplastics each year, largely due to fibers wearing off textiles during washing. That makes everyday laundry one of the most important sources of these particles. Today, much of that material ends up in the sewage sludge produced at wastewater treatment plants. Because this sludge is often applied as fertilizer, the fibers can ultimately be spread onto fields.

Why existing washing machine filters fall short

Because of the scale of the problem, many manufacturers have been looking for ways to remove microplastics from wash water before it reaches the environment. "The filter systems available so far, however, have various disadvantages," explains Dr. Leandra Hamann from the Institute for Organismic Biology at the University of Bonn. "Some of them quickly become clogged, others do not offer adequate filtration."

Hamann, working with her doctoral supervisor Dr. Alexander Blanke and other colleagues, turned to biology for ideas. The team focused on fish that act as expert natural filters -- the result of hundreds of millions of years of evolution.

Some fish feed by filtering water, including mackerel, sardines, and anchovies. They swim with open mouths and capture plankton using their gill arch system. "We took a closer look at the construction of this system and used it as the model for developing a filter that can be used in washing machines," says Blanke, who is a member of the transdisciplinary research areas "Life & Health" and "Sustainable Futures" at the University of Bonn.

How fish gills inspired a self-cleaning filter design

Over time, these fish evolved a strategy similar to cross-flow filtration. Their gill arch system forms a funnel that is widest at the mouth and narrows toward the gullet. The funnel's walls are formed by branchial arches, which include comb-like structures. Those structures are covered in tiny teeth, creating a mesh stretched across the arches.




"During food intake, the water flows through the permeable funnel wall, is filtered, and the particle-free water is then released back into the environment via the gills," explains Blanke. "However, the plankton is too big for this; it is held back by the natural sieve structure. Thanks to the funnel shape, it then rolls towards the gullet, where it is collected until the fish swallows, which empties and cleans the system."

That same idea helps prevent clogs. Instead of slamming directly into a flat barrier, particles move along the surface and are guided onward toward the gullet. The approach is also highly efficient, since it removes almost all plankton from the water. A washing machine microplastic filter needs both strengths: strong capture and resistance to blockage. To build a version for laundry, the researchers recreated the gill arch system and tested different mesh sizes and funnel opening angles.

Test results, manufacturing costs, and microplastic removal

"We have thus found a combination of parameters that enable our filter to separate more than 99 percent of the microplastics out of the water but not become blocked," says Hamann. The team reached that result by combining lab experiments with computer simulations. Because the nature-based design avoids complicated moving parts, it should be inexpensive to produce.

Captured microplastics collect at the filter outlet and are suctioned away several times per minute. Hamann, who has since moved to the University of Alberta in Edmonton, Canada, says the collected material could be pressed inside the machine to squeeze out remaining water. The resulting plastic pellet could then be removed every few dozen washes and thrown away with general waste.

Patents, industry hopes, and health concerns

The University of Bonn team and the Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT have already applied for a patent in Germany, and EU-wide patenting is now in progress. The researchers hope manufacturers will refine the design and build it into future washing machines. That could reduce the spread of textile-based microplastics, at least to some extent. The need is pressing: analyses suggest these particles may cause serious health harm. They have already been detected in breast milk and in the placenta -- and even in the brain.




Participating institutions and funding

In addition to the University of Bonn, the Fraunhofer Institute for Environmental, Safety, and Energy Technology UMSICHT contributed to the study. Funding came from the Federal Ministry of Research, Technology and Space (BMFTR) and the European Research Council (ERC). Support for protecting and marketing the invention is being provided by the Transfer Center enaCom at the University of Bonn in close cooperation with PROvendis GmbH, a service provider for the NRW university network for knowledge and technology transfer "innovation2business.nrw."
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Dinosaur bones found almost on top of each other in Transylvania | ScienceDaily
The Hateg Basin in Transylvania has long been known around the world for its dinosaur fossils, uncovered at dozens of sites over the last hundred years. Even so, complete dinosaur discoveries are usually uncommon across the region. That pattern changed with the identification of a newly studied site where scientists documented more than 100 vertebrate fossils per square meter, including large dinosaur bones lying almost directly on top of one another.


						
Years of Fieldwork Lead to an Exceptional Fossil Find

For more than five years, the Valiora Dinosaur Research Group, made up of Hungarian and Romanian paleontologists, has been carrying out fieldwork in the western Hateg Basin. The rocks examined there date back to the Upper Cretaceous and capture the final few million years before dinosaurs disappeared. Excavations have revealed fossil-rich deposits containing thousands of remains from amphibians, turtles, crocodiles, dinosaurs, pterosaurs, and mammals.

Among all the sites explored, one location known as K2 stands out. From an area measuring less than five square meters, researchers recovered more than 800 vertebrate fossils, making it the richest site documented so far. The full scientific analysis of this discovery was recently published in the journal PLOS ONE.

A Defining Moment in the Field

"In 2019, during our first field survey in the Hateg Basin, we almost immediately came across the K2 site. It was a defining moment for us -- we instantly noticed dozens of large, exceptionally well-preserved black dinosaur bones gleaming in the grey clay layers exposed in the streambed. We immediately began our work, and through several years of excavation we collected an extraordinarily rich vertebrate assemblage from the site," explained Gabor Botfalvai, assistant professor at the Department of Paleontology, Eotvos Lorand University, and leader of the research group.

How Ancient Floods Created a Bone-Rich Landscape

About 72 million years ago, the region that is now the Hateg Basin experienced a warm, subtropical climate shaped by temporary river systems. These rivers flowed from higher terrain toward the basin and frequently spilled over their banks during heavy rainfall. As floodwaters surged downstream, they gathered animal carcasses from the surface, along with living creatures and skeletal remains caught in their path.




"Detailed study of the rocks at the K2 site indicates that a small lake once existed here, which was periodically fed by flash floods carrying animal carcasses. As the flow of the rivers slowed rapidly upon entering the lake, the transported bodies accumulated in the deltaic environment along the shore, producing this exceptionally high bone concentration," said Soma Budai, researcher at the University of Pavia and co-author of the publication.

Rare Dinosaur Skeletons Reveal New Scientific Insights

The K2 site produced far more than scattered bones. Researchers also identified several partial dinosaur skeletons that remained associated with one another. These fossils represent two separate plant-eating dinosaur species. One group belongs to a roughly two-meter-long dinosaur from the Rhabdodontidae family, a species commonly found in the Hateg Basin that likely moved mainly on two legs.

The second group of skeletons marks a major breakthrough. These remains belong to a titanosaurian sauropod, a long-necked dinosaur for which no comparably well-preserved skeletons had ever been discovered in Transylvania. Ongoing analysis of these fossils is expected to improve scientists' understanding of how this dinosaur fits into the broader evolutionary family tree.

The Oldest Known Vertebrate Accumulation in the Basin

"Besides the remarkably high bone concentration, another key significance of this newly described site is that it represents the oldest known vertebrate accumulation in the Hateg Basin. Studying this fossil assemblage allows us to look into the earliest composition of the Hateg dinosaur fauna and trace the evolutionary directions and processes leading toward the dinosaurs known from younger Transylvanian sites -- revealing how these Late Cretaceous ecosystems were similar or different from one another," added Zoltan Csiki-Sava, associate professor at the University of Bucharest and Romanian leader of the research team.




Reconstructing Dinosaur Life in Ancient Europe

The fossils described in this study, together with discoveries still emerging from ongoing excavations in the Hateg Basin, are helping scientists refine their understanding of how dinosaur communities evolved across (Eastern) Europe during the Late Cretaceous. These finds provide valuable clues about how ancient ecosystems formed, changed, and responded to environmental forces near the end of the age of dinosaurs.

The research was supported by the National Research, Development and Innovation Office of Hungary (NKFIH), the Supervisory Authority for Regulatory Affairs of Hungary, the Romanian Ministry of Research, Innovation and Digitalization, and the University of Bucharest.
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A traditional Brazilian plant shows unexpected strength against arthritis | ScienceDaily
A research team in Brazil has found strong evidence that the Joseph's Coat plant (Alternanthera littoralis) is both safe and effective at reducing inflammation, easing pain, and protecting against arthritis. The study was carried out by scientists from the Federal University of Grande Dourados (UFGD), the State University of Campinas (UNICAMP), and Sao Paulo State University (UNESP).


						
Joseph's Coat grows naturally along Brazil's coastline and has long been used in traditional medicine to treat inflammation, infections, and parasitic illnesses. Despite its widespread use, there had been little scientific research confirming whether these benefits were real or whether the plant was safe.

Identifying Active Compounds and Testing Anti Inflammatory Effects

The study, published in the Journal of Ethnopharmacology, began with a detailed chemical analysis of the plant. Researchers examined the ethanolic extract made from the plant's aerial parts to determine which bioactive compounds it contained. This phase of the work was led by Marcos Salvador, a pharmacist from the Institute of Biology (IB) at UNICAMP.

After identifying the compounds, the research moved to biological testing. A team led by pharmacologist Candida Kassuya from the Faculty of Health Sciences at UFGD evaluated how well the extract reduced inflammation in experimental models of arthritis. Toxicological testing followed to assess safety. "Finally, we performed the toxicological analyses under my coordination," explains Arielle Cristina Arena, associate professor in the Department of Structural and Functional Biology at the Institute of Biosciences at UNESP's Botucatu Campus.

Laboratory Results Show Reduced Inflammation and Joint Damage

The experiments revealed that the ethanolic extract of A. littoralis significantly lowered inflammation in laboratory animals. "In the experimental models, we observed reduced edema, improved joint parameters, and modulation of inflammatory mediators, suggesting antioxidant and tissue-protective actions," says Arena.




These findings indicate that the plant does more than reduce swelling. The results also suggest that it may help protect joint tissue and limit damage associated with inflammatory conditions like arthritis.

Promising Safety Profile With Limits on Immediate Use

According to Arena, the results strengthen the scientific case for the plant's medicinal value and provide a foundation for future preclinical studies. The findings also point to a favorable safety profile at therapeutic doses, which could be encouraging for eventual human use.

However, the researchers caution that the extract is not ready for clinical application. Additional toxicological testing, human clinical trials, and standardized preparation methods are still required to confirm safety, effectiveness, and quality. Regulatory approval would also be necessary before any therapeutic use.

Supporting Biodiversity Through Science

"This research is part of an ongoing line of investigation developed by UFGD, UNESP, and UNICAMP, and our purpose is to value Brazilian biodiversity and traditional knowledge, but with a rigorous scientific basis, promoting the safe and rational use of natural products," says Arena.

The research received funding from FAPESP (projects 06/06079-4, 09/05992-6, 15/03726-8, 16/06407-3, 17/19523-4, and 21/09693-5).
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Global warming could trigger the next ice age | ScienceDaily
Researchers at UC Riverside say they have identified a critical gap in how scientists have long understood Earth's carbon recycling system. By filling in this missing piece, they now believe that periods of global warming can swing too far in the opposite direction, potentially setting the stage for an ice age.


						
For decades, scientists have thought Earth's climate was regulated by a slow but dependable natural process driven by rock weathering. This mechanism was seen as a stabilizing force that kept temperatures from drifting too far in either direction.

How Rock Weathering Helps Regulate Climate

In this process, rain absorbs carbon dioxide from the atmosphere and then falls onto exposed land surfaces. As the water interacts with rocks, especially silicate rocks such as granite, it gradually breaks them down. The dissolved material, along with the captured CO2, is carried into the oceans.

Once there, the carbon combines with calcium released from the rocks to form shells and limestone reefs. These materials settle on the ocean floor, locking carbon away for hundreds of millions of years and slowly reducing the amount of carbon dioxide in the atmosphere.

"As the planet gets hotter, rocks weather faster and take up more CO2, cooling the planet back down again," said Andy Ridgwell, a UC Riverside geologist and co-author of the study published in Science.

Why Ancient Ice Ages Were So Extreme

Geological records, however, tell a more dramatic story. Evidence shows that some of Earth's earliest ice ages were so severe that ice and snow covered nearly the entire planet. According to the researchers, this level of freezing cannot be explained by a climate system that simply fine tunes itself.




That realization led the team to look for an additional process that could push the climate beyond gentle balance and into extremes.

The Role of Oceans, Nutrients, and Plankton

The newly identified factor involves how carbon is buried in the ocean. As atmospheric CO2 rises and temperatures increase, rainfall carries larger amounts of nutrients such as phosphorus into the sea. These nutrients stimulate the growth of plankton, microscopic organisms that absorb carbon dioxide through photosynthesis.

When plankton die, they sink to the ocean floor, taking the carbon they captured with them. This process removes carbon from the atmosphere and stores it in ocean sediments.

In warmer conditions, however, this system changes. Increased plankton growth can reduce oxygen levels in the ocean. With less oxygen available, phosphorus is more likely to be released back into the water instead of being permanently buried. This recycled phosphorus fuels even more plankton growth, whose decay further depletes oxygen and keeps nutrients circulating.

As this loop continues, enormous amounts of carbon are buried, and global temperatures begin to fall.




A Climate System That Can Overshoot

Rather than gently stabilizing Earth's temperature, this feedback can drive cooling well past its original starting point. In the team's computer simulations, the effect was strong enough to trigger an ice age.

Ridgwell likens the process to a household cooling system working too hard.

"In summer, you set your thermostat around 78degF. As the air temperature climbs outside during the day, the air conditioning removes the excess heat inside until the room temperature comes down to 78deg and then it stops," Ridgwell said.

Using this analogy, he explains that Earth's climate control is not broken. Instead, it may respond unevenly, as if the thermostat were not positioned close to the air conditioner.

Why the Future May Be Different

According to the study, lower levels of oxygen in Earth's ancient atmosphere made this climate control far less stable, which helps explain the severity of early ice ages. Today, atmospheric oxygen levels are much higher.

As human activity continues to add CO2 to the atmosphere, the planet is expected to keep warming in the near term. The researchers' model suggests that a cooling rebound will eventually follow. However, this future cooling is likely to be less extreme because higher oxygen levels reduce the strength of the nutrient feedback in the oceans.

"Like placing the thermostat closer to the AC unit," Ridgwell added. Even so, the effect could be enough to bring forward the beginning of the next ice age.

Why Climate Action Still Matters Now

"At the end of the day, does it matter much if the start of the next ice age is 50, 100, or 200 thousand years into the future?" Ridgwell wondered. "We need to focus now on limiting ongoing warming. That the Earth will eventually cool back down, in however wobbly a way, is not going to happen fast enough to help us out in this lifetime."
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Hidden seismic signals hint at a tsunami threat in Alaska | ScienceDaily
Since 2020, scientists have installed monitoring instruments around the Barry Landslide in Alaska's Prince William Sound to closely track seismic activity in the area. Their goal is to detect warning signs early, before a sudden landslide could trigger a destructive tsunami.


						
By analyzing these seismic recordings, researchers identified a previously unrecognized type of signal. These events are marked by sharp, high-frequency pulses that become more common from late summer through mid-winter, then suddenly stop in late winter or early spring.

Strange Signals Linked to Freezing and Thawing Rock

Writing in Seismological Research Letters, Gabrielle Davy of the University of Alaska Fairbanks and her colleagues propose that the signals are caused by water freezing and thawing inside tiny cracks in the rock beneath the nearby Cascade Glacier. The research team is the first to carry out a systematic analysis of these short, impulsive seismic events near the Barry Landslide.

The scientists emphasize that these signals are not signs that the landslide itself is moving. However, they may still provide valuable insight into changes in underground water conditions behind the slope. Those changes could eventually play a role in triggering slope movement.

Why the Barry Landslide Poses a Serious Risk

Searching for seismic warning signs at Barry Arm is especially important because the landslide sits in a highly unstable setting. The slope is steep and underlain by weak, heavily fractured bedrock, making it prone to failure. It has also lost critical support from Barry Glacier, which has rapidly melted and retreated over the last century.




"What makes Barry Landslide especially concerning is the size of the landslide," Davy explained. "It's a large, slowly moving mass -- on the order of about 500 million cubic meters -- that has been creeping for decades."

"If a rapid collapse were to occur, the material would fall directly into the fjord, and that could generate a tsunami with potentially high wave heights," she added. "Barry Arm is visited by kayakers and cruise ships, and nearby communities such as Whittier could be affected, so understanding the hazard is important from both a scientific and a public-safety perspective."

Sorting Through a Year of Seismic Data

Because of these risks, the landslide area has been extensively instrumented since 2020. The study by Davy and her colleagues is among the first to carefully examine the large volume of seismic data collected by those instruments.

For this research, the team manually reviewed an entire year of continuous seismic waveform recordings. They searched for signals that might help determine when and where a landslide could occur.

This hands-on approach allowed the researchers to recognize the wide range of signals present in the data. These included vibrations from small earthquakes, glacier motion, slope deformation, and other sources of seismic background noise.




"We needed to build a clear baseline understanding of the types of signals that routinely occur in the area, so that any unusual or previously unrecognized signals would stand out. By spending time with the raw data, you train your eye to recognize what 'normal' looks like" before developing classification tools and detection algorithms, Davy explained.

Seasonal Patterns Reveal a Freeze-Thaw Process

After learning how to identify the unusual short-impulsive events in the seismic records, the researchers compared them with weather and rainfall data. They also used ground-based radar to track subtle changes in slope movement. This combination allowed them to study when and where the signals occurred.

The timing, location, and characteristics of the signals pointed to small, brittle events that happen seasonally as water freezes and thaws inside cracks in the rock.

"Similar seismic signals have been documented in other settings, although they are not widely reported," Davy said. She pointed to a recent study from Norway that observed comparable signals near an unstable rock slope and "suggested that their signals may be linked to freeze-thaw processes acting on cracks within the bedrock."

Toward Better Landslide Early Warning Systems

Co-author Ezgi Karasozen said the Alaska Earthquake Center is now testing a regional landslide detection system at the Barry Landslide site. According to Karasozen, the system "will alert us to any slope failures in this area."

"As research on landslide seismology grows, there's increasing recognition that precursor seismic activity -- when it does occur -- can be an important source of early warning," Karasozen said. "That motivates broader investigations not only at Barry Arm, but also at other sites in southern Alaska where similar hazards exist."
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Ancient sewers expose a hidden health crisis in Roman Britain | ScienceDaily
Scientists studying ancient sewer drains at the Roman fort of Vindolanda, located near Hadrian's Wall, have uncovered evidence that the people living there were infected with three different intestinal parasites: roundworm, whipworm, and Giardia duodenalis.


						
All three parasites spread through poor sanitation, typically when food, water, or hands are contaminated with human feces. Roundworms can grow to 20-30cm in length, while whipworms reach about 5cm. Giardia duodenalis is a microscopic protozoan parasite known for causing outbreaks of severe diarrhea. The discovery marks the first confirmed evidence of Giardia duodenalis in Roman Britain.

Vindolanda and the Roman Frontier in Britain

Vindolanda sat close to Hadrian's Wall in northern England. The wall was constructed by the Romans in the early 2nd century AD to protect the province of 'Britannia' from northern tribes and remained in use until the late 4th century. The fort itself lies between Carlisle and Corbridge in what is now Northumberland, Britain.

Stretching east to west from the North Sea to the Irish Sea, Hadrian's Wall featured a series of forts and towers placed at regular intervals. It was defended by a mix of infantry, archers, and cavalry drawn from across the Roman Empire.

A Site Known for Remarkable Preservation

Vindolanda is well known among archaeologists for its exceptional preservation of organic materials, thanks to the site's waterlogged soil. Discoveries include more than 1,000 thin wooden writing tablets that provide rare insight into everyday life at the fort, along with over 5,000 Roman leather shoes.




How Researchers Studied the Ancient Sewers

The parasite analysis focused on sediment taken from a sewer drain connected to the latrine block of a bath complex dating to the 3rd century CE. The research was carried out jointly by scientists from the universities of Cambridge and Oxford and published in the journal Parasitology.

Researchers collected 50 sediment samples from along the drain, which stretched roughly nine meters and carried waste from a communal latrine into a stream north of the fort. Along with the sediment, archaeologists recovered artifacts such as Roman beads, pottery fragments, and animal bones.

The samples were divided between laboratories at Cambridge and Oxford, where scientists examined them under microscopes to search for ancient helminth eggs, which are produced by parasitic worms that infect humans and animals.

Evidence of Worms and Giardia Infection

About 28% of the samples contained eggs from either roundworm or whipworm. One sample showed traces of both parasites. That same sample was further tested using a bio-molecular method called 'ELISA', a technique in which antibodies bind to proteins produced by single-celled organisms. This analysis revealed the presence of Giardia duodenalis.




The research team also examined a sample linked to an earlier fort from the 1st century CE. That fort was built around 85 CE and abandoned by 91/92 CE. The sediment came from a defensive ditch and also contained roundworm and whipworm eggs.

How Parasites Affected Roman Soldiers

"The three types of parasites we found could have led to malnutrition and cause diarrhea in some of the Roman soldiers," said Dr. Marissa Ledger, who led the Cambridge portion of the research as part of her PhD at the University of Cambridge's Department of Archaeology.

"While the Romans were aware of intestinal worms, there was little their doctors could do to clear infection by these parasites or help those experiencing diarrhea, meaning symptoms could persist and worsen. These chronic infections likely weakened soldiers, reducing fitness for duty. Helminths alone can cause nausea, cramping and diarrhea."

Study senior author Dr. Piers Mitchell, an Affiliated Scholar at Cambridge's McDonald Institute for Archaeological Research, explained that Giardia outbreaks could have been especially dangerous. "Some soldiers could have become severely ill from dehydration during summer outbreaks of Giardia, which are often linked to contaminated water and can infection dozens of people at a time. Untreated giardiasis can drag on for weeks, causing dramatic fatigue and weight loss."

Mitchell added that "The presence of the fecal-oral parasites we found suggests conditions were ripe for other intestinal pathogens such as Salmonella and Shigella, which could have triggered additional disease outbreaks."

How Vindolanda Compares to Other Roman Sites

According to the researchers, the dominance of fecal-oral parasites at Vindolanda mirrors findings from other Roman military sites, including Carnuntum in Austria, Valkenburg on Rhine in the Netherlands, and Bearsden in Scotland. In contrast, large urban centers like London and York show a wider range of parasites, including fish and meat tapeworms.

"Despite the fact that Vindolanda had communal latrines and a sewer system, this still did not protect the soldiers from infecting each other with these parasites," said Dr. Patrik Flammer, who analyzed samples at the University of Oxford.

What Ancient Parasites Reveal About the Past

"The study of ancient parasites helps us to know the pathogens that infected our ancestors, how they varied with lifestyle, and how they changed over time," said Prof Adrian Smith, who led the Oxford laboratory involved in the research.

Dr. Andrew Birley, CEO of the Vindolanda Charitable Trust and leader of ongoing excavations at the site, said the findings add to a growing picture of life on Rome's northern frontier. "Excavations at Vindolanda continue to find new evidence that helps us to understand the incredible hardships faced by those posted to this northwestern frontier of the Roman Empire nearly 2,000 years ago, challenging our preconceptions about what life was really like in a Roman frontier fort and town."

W. H. Auden once wrote of a miserable Roman soldier guarding a cold, rain-soaked wall in northern Europe, mentioning "lice in my tunic and a cold in my nose." Based on this new evidence, chronic stomach trouble could easily be added to that list.
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Scientists found climate change hidden in old military air samples | ScienceDaily
By examining DNA preserved in decades-old air samples collected by the Swedish Armed Forces, scientists at Lund University in Sweden have uncovered clear evidence that the seasonal release of spores by northern mosses has changed dramatically over the last 35 years. The research shows that moss spores are now released several weeks earlier than they were in the past, highlighting how quickly natural systems can adjust as the climate warms.


						
Air sampling in Sweden began in the 1960s as part of efforts to monitor radioactive fallout from nuclear weapons testing. At the time, the goal was strictly related to national security, not ecology. Yet the glass fiber filters used to trap airborne particles also preserved traces of DNA from pollen, spores, and other microscopic biological material. This unexpected scientific resource was identified by Per Stenberg, a researcher at Umea University.

"The samples have proved to be an unexpected, unique and very exciting archive of DNA from wind-dispersed biological particles," says Nils Cronberg, a botany researcher at Lund University.

Moss spores are appearing weeks earlier than before

Using this archive, the research team tracked changes in airborne moss spores across a 35-year period, focusing on 16 different moss species and groups. Their analysis revealed a striking shift. On average, mosses now begin releasing spores about four weeks earlier than they did in 1990, and the peak of spore dispersal arrives roughly six weeks sooner.

"It's a considerable difference, especially considering that summer is so short in the north," says Nils Cronberg.

Last year's climate matters more than spring weather

The findings point to warmer autumns as a key driver of the shift. When autumn temperatures stay higher for longer, mosses have more time to develop their spore capsules before winter arrives. This extra development time gives the plants a biological kick-start, allowing spores to be released earlier once spring begins. One of the most unexpected results was what did not influence spore timing.




"We had expected that snow thaw or air temperature in the same year as spore dispersal would be crucial, but climate conditions the year before were shown to be the most important factor," says Fia Bengtsson, formerly a researcher in botany at Lund University, who is now at the Norwegian Institute for Nature Research.

A new way to track long-term ecological change

Beyond documenting rapid ecological responses to climate change, the study introduces a powerful new approach for studying how plants and animals have changed over time. The same DNA-based method can be applied to other species that release biological material into the air. Because air samples have been collected from locations across Sweden, researchers can reconstruct ecological shifts over decades and compare trends from north to south.

"We anticipate that our results and knowledge about how nature has changed from the 1970s onwards will be part of the next report by the Intergovernmental Panel on Climate Change (IPCC) on the documented effects of climate change," concludes Nils Cronberg.
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This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules | ScienceDaily
In the damp shade beneath moss-covered trees, high in the mountains of Taiwan and mainland Japan or deep within the subtropical forests of Okinawa, an unusual organism quietly grows. At first glance, it resembles a mushroom. In reality, it is a plant called Balanophora, and it possesses some of the smallest flowers and seeds known in the plant world.


						
Unlike most plants, Balanophora contains no chlorophyll and cannot perform photosynthesis. It also lacks a conventional root system to draw water from the soil. Instead, it survives entirely by attaching itself to the roots of specific nearby trees and stealing the nutrients it needs. Some species and populations take this strangeness even further by producing seeds without fertilization -- a reproductive strategy that is extremely rare among plants.

Scientists uncover the secrets of a long-mysterious plant

The genus Balanophora takes its name from its acorn-like appearance (Greek: balanos, acorn; phoros, bearing), and it has puzzled scientists for generations. Because the plant is rare and restricted to highly specific habitats that are increasingly threatened by human activity, most research has been limited to isolated populations.

That is now changing. A collaborative team from the Okinawa Institute of Science and Technology (OIST), Kobe University, and the University of Taipei has conducted a broad survey of Balanophora across its scattered and hard-to-reach habitats. Their findings, published in New Phytologist, trace the plant's evolutionary history, reveal how its internal structures have adapted to a parasitic lifestyle, and open new doors for future research into this unusual lineage.

As study lead author Dr. Petra Svetlikova, Science and Technology Associate at OIST, explains: "Balanophora has lost much of what defines it as a plant, but retained enough to function as a parasite. It's a fascinating example of how something so strange can evolve from an ancestor that looked like a normal plant with leaves and a normal root system."

Shrinking plastids and life without photosynthesis

Parasitic plants often undergo dramatic internal changes as they become more dependent on their hosts. One common trend is the reduction or loss of plastids -- a category of plant organelles that includes chloroplasts, which enable photosynthesis in most plants.




Even though Balanophora relies completely on its host trees for nutrition, the researchers found that it has not eliminated its plastids. Instead, these structures have been pared down to a minimal form. While non-parasitic plants may use up to 200 genes to build and maintain plastids, Balanophora retains only about 20. Despite this extreme reduction, more than 700 proteins are still transported into these plastids from the surrounding cell, indicating that they continue to perform essential functions.

Professor Filip Husnik, head of the Evolution, Cell Biology, and Symbiosis Unit at OIST, notes the surprise of this discovery. "That Balanophora plastids are still involved in the biosynthesis of many compounds unrelated to photosynthesis was surprising. It implies that the order and timing of plastid reduction in non-photosynthetic plants is similar to other eukaryotes, such as the malaria-causing parasite, Plasmodium, which originated from a photosynthetic ancestor."

An ancient lineage shaped by islands

By examining samples from many different populations, the team reconstructed the evolutionary tree of Balanophora and traced how it spread across subtropical regions of East Asia. The plant belongs to the family Balanophoraceae, one of the oldest known groups of fully parasitic plants.

This family began diversifying during the mid-Cretaceous period, roughly 100 million years ago -- making it one of the earliest land plant lineages to abandon photosynthesis entirely.

Reproduction without sex and the risks of survival

Balanophora's reproductive strategies are just as unusual as its appearance and lifestyle. Reproductive methods vary widely between species and even between populations. Some require fertilization to produce seeds, while others can also reproduce without fertilization, a process known as facultative agamospermy. In the most extreme cases, some species are obligately agamospermous, meaning they never reproduce sexually at all.




"Obligate agamospermy is exceedingly rare in the plant kingdom, because it typically carries a lot of negative downsides -- lack of genetic diversity, accumulation of bad mutations, dependence on specific conditions, higher extinction risk, and so on," says Dr. Svetlikova. "Fascinatingly, we found that the obligately agamospermous Balanophora species were all island species -- and we speculate that more Balanophora species may be facultative, or even obligate, agamosperms."

One advantage of this reproductive approach is that a single female plant can establish a new population after reaching an island. This ability allows Balanophora to spread quickly into the narrow ecological niche it prefers: dark, moist forest undergrowth where few other plants can survive.

A fragile future for a highly specialized plant

Despite its ability to clone itself, Balanophora is extremely selective about its hosts. Each population typically parasitizes only a small number of tree species. This specialization makes the plant especially vulnerable to environmental change.

Dr. Svetlikova emphasizes the importance of collaboration and conservation. "We're very thankful to our collaborators Dr. Huei-Jiun Su and Dr. Kenji Suetsugu, experts on parasitic plants, for their help in sampling the studied Balanophora species, and to local authorities in Okinawa that allowed us to study these extraordinary plants," she says. "Most known habitats of Balanophora are protected in Okinawa, but the populations face extinction by logging and unauthorized collection. We hope to learn as much as we can about this fantastic, ancient plant before it's too late. It serves as a reminder of how evolution continues to surprise us."
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A stunning new forecast shows when thousands of glaciers will vanish | ScienceDaily
    	A major new international study led by ETH Zurich has, for the first time, estimated how many of the world's glaciers are expected to survive through the end of this century and how long each one is likely to last.
    	The findings show a dramatic contrast between warming scenarios. If global temperatures rise to +4.0 degC, only about 18,000 glaciers would remain worldwide. Limiting warming to +1.5 degC could preserve roughly 100,000 glaciers.
    	The researchers also introduced the concept of "Peak Glacier Extinction," which marks the year when glacier losses reach their highest level. At +1.5 degC, this peak is projected to occur around 2041 with about 2,000 glaciers disappearing in a single year. Under +4 degC warming, the peak shifts to around 2055 and annual losses rise to roughly 4,000 glaciers.

Glaciers across the planet are shrinking at an accelerating pace. In some parts of the world, they are expected to disappear entirely. When scientists focus on the number of individual glaciers that are vanishing, rather than total ice volume, they find that the Alps could reach their highest rate of glacier loss between 2033 and 2041. How severe this period becomes depends on how much global temperatures rise. During this window, more glaciers could disappear than at any other time on record. On a global scale, the peak in glacier losses is expected roughly a decade later, with annual losses rising from about 2,000 to as many as 4,000 glaciers.

Alpine glaciers face near total collapse

The outlook for the Alps is especially severe. If current climate policies lead to a global temperature increase of +2.7 degC, projections suggest that by 2100 only around 110 glaciers would remain in Central Europe. This would represent just 3 per cent of today's total. Under a +4 degC warming scenario, that number drops further to about 20 glaciers. Even glaciers of moderate size, including the Rhone Glacier, would be reduced to small patches of ice or vanish altogether. In the same scenario, the vast Aletsch Glacier would break apart into several smaller sections. These changes extend a pattern already documented by ETH Zurich researchers, and there is no indication that it is slowing. Their work shows that between 1973 and 2016, more than 1,000 glaciers disappeared in Switzerland alone (cf. Annals of Glaciology).

Counting glaciers rather than ice volume

An international research team led by ETH Zurich, the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL), and the Vrije Universiteit Brussel used these findings as part of a comprehensive new study. For the first time, the researchers calculated how many glaciers around the world disappear each year, how many are likely to survive through the end of the century, and how long individual glaciers are expected to persist. "For the first time, we've put years on when every single glacier on Earth will disappear," says Lander Van Tricht, lead author of the study published on December 15, 2025, in Nature Climate Change.

Previous studies largely examined glacier change by measuring total ice mass or surface area. In contrast, the ETH Zurich-led team focused on the number of glaciers themselves, their geographic distribution, and the timing of their disappearance. This approach reveals that regions dominated by small glaciers at lower elevations or closer to the equator face the greatest risk. These vulnerable areas include the Alps, the Caucasus, the Rocky Mountains, and parts of the Andes and African mountain ranges located at low latitudes.




"In these regions, more than half of all glaciers are expected to vanish within the next ten to twenty years," says Van Tricht, who works at ETH Zurich's Chair of Glaciology and the WSL.

How many glaciers could still survive?

The speed at which glaciers retreat is closely tied to how much the planet warms. To explore this relationship, the researchers ran simulations using three advanced global glacier models across several climate scenarios. For the Alps, their results show that limiting warming to +1.5 degC would allow about 12 per cent of glaciers to remain by 2100, or roughly 430 out of about 3,000 glaciers present in 2025. At +2.0 degC, the number falls to around 8 per cent, or about 270 glaciers. At +4 degC, survival drops to just 1 per cent, which corresponds to about 20 glaciers.

Similar patterns appear in other mountain regions. In the Rocky Mountains, about 4,400 glaciers would persist under a +1.5 degC scenario, representing roughly 25 per cent of today's estimated 18,000 glaciers. At +4 degC, only about 101 would remain, amounting to a 99 per cent loss. In both the Andes and Central Asia, approximately 43 per cent of glaciers would survive at +1.5 degC. Under +4 degC of warming, the situation changes sharply. The Andes would retain only around 950 glaciers, a 94 per cent reduction, while Central Asia would be left with roughly 2,500 glaciers, a 96 percent decline. Globally, a +4.0 degC world would be home to about 18,000 glaciers, compared with around 100,000 if warming were limited to +1.5degC.

The analysis also shows that glacier numbers are falling everywhere. No region is projected to escape this trend. Even in the Karakoram region of Central Asia, where some glaciers briefly advanced after the turn of the millennium, long-term projections show continued glacier loss.

Peak Glacier Extinction explains the turning point

The researchers introduce a new concept called "Peak Glacier Extinction." This term describes the moment when the number of glaciers disappearing in a single year reaches its highest level. After that point, annual losses decline because many of the smaller glaciers have already vanished. From a policy perspective, this distinction is important. Glacier ice continues to shrink even after the number of disappearing glaciers begins to fall.




The timing of this peak varies depending on warming levels. Under a +1.5 degC increase in global temperature, consistent with the Paris Agreement, Peak Glacier Extinction is expected around 2041, when about 2,000 glaciers disappear in one year. With +4 degC of warming, the peak shifts to around 2055 and the annual number of lost glaciers rises to about 4,000. Although it may seem counterintuitive that the peak arrives later under stronger warming, the explanation lies in the behavior of larger glaciers. In warmer conditions, not only do small glaciers vanish, but large glaciers also eventually disappear. Accounting for the complete loss of even the biggest glaciers is one of the key strengths of this approach.

The ETH Zurich team found that at +4 degC, the number of glaciers disappearing at the peak is roughly double that seen at +1.5 degC. Under the 1.5-degree scenario, about half of today's glaciers are expected to survive. At +2.7 degC, only about one-fifth remain, and at +4 degC, survival drops to around one-tenth. Even small differences in temperature matter. "The results underline how urgently ambitious climate action is needed," says Daniel Farinotti, co-author of the study and Professor of Glaciology at ETH Zurich.

Why glacier loss matters beyond climate science

The retreat of glaciers has consequences that extend well beyond climate metrics. This new way of measuring glacier loss offers valuable insights for politics, economies, and cultural life. Earlier research focused on glacier mass and volume, which is essential for estimating sea-level rise and managing water resources. "The melting of a small glacier hardly contributes to rising seas. But when a glacier disappears completely, it can severely impact tourism in a valley," says Van Tricht.

By identifying when and where glaciers are likely to vanish, the study also provides practical guidance. Policymakers, local communities, the tourism industry, and those responsible for managing natural hazards can use this information to prepare for a future with less ice and more uncertain water supplies.

In parallel with this scientific work, ETH Zurich researchers are contributing to projects such as the Global Glacier Casualty List. This initiative documents the names and histories of glaciers that have already disappeared, including the Birch and Pizol glaciers. "Every glacier is tied to a place, a story and people who feel its loss," says Van Tricht. "That's why we work both to protect the glaciers that remain and to keep alive the memory of those that are gone."
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Ancient oceans were ruled by super predators unlike anything today | ScienceDaily
Around 130 million years ago, the ocean's most dominant hunters held far more power than any marine predator alive today. Recent research from McGill University reveals that during the Cretaceous period, some sea creatures sat at the very top of an extraordinarily complex food chain, surpassing modern standards of ecological dominance.
The findings come from a study published in the Zoological Journal of the Linnean Society, which reconstructs the ancient marine ecosystem preserved in Colombia's Paja Formation. According to the research, this prehistoric sea was filled with enormous marine reptiles, some growing longer than 10 meters, that occupied a previously unseen seventh level of the food chain.
What Trophic Levels Reveal About Food Chains
Trophic levels describe an organism's position in a food chain based on how it gets energy and nutrients. Put simply, they explain who eats whom within an ecosystem. In today's oceans, food chains typically reach only six levels, with animals such as killer whales and great white sharks sitting at the top.
The discovery of predators operating at a seventh trophic level highlights just how rich and complex the Paja ecosystem once was. It also offers rare insight into a deep evolutionary struggle, where predators and prey continuously adapted in response to one another.
Reconstructing a Lost Marine Ecosystem
To uncover this ancient food web, McGill researchers analyzed all known animal fossils from a single geological formation in central Colombia. They built a detailed ecological network using fossil body sizes, feeding traits, and comparisons with modern animals that fill similar roles today.
To ensure accuracy, the team compared their reconstructed network with one of the most comprehensive modern marine ecosystem models available, based on living Caribbean environments. This allowed them to test whether their ancient model behaved realistically when measured against present-day ocean systems.
A Time of Explosive Marine Diversity
The Paja Formation dates back to the Mesozoic era, a time that included the Cretaceous period and was shaped by rising sea levels and warmer global temperatures. These conditions fueled a surge in marine biodiversity. The region supported plesiosaurs, ichthyosaurs, and large numbers of invertebrates, creating one of the most intricate marine food webs ever identified.
"Our study is the first to examine these possible ecological interactions," said Dirley Cortes, lead author and doctoral student in the Department of Biology. "Understanding this complexity helps us trace how ecosystems evolve over time, shedding light on the structures that support today's biodiversity."
"These findings illuminate how marine ecosystems developed through intense trophic competition and shaped the diversity we see today," added Hans Larsson, co-author of the study and Professor in the Department of Biology.
Why This Discovery Matters
The researchers note that this work marks only an early step in understanding ancient marine ecosystems. Very few fossil sites have been studied in enough detail to rebuild entire food webs. As more discoveries emerge, scientists will be able to compare ecosystems across different regions and time periods, deepening knowledge of how ancient oceans influenced the modern seas we depend on today.
"Top of the food chains: an ecological network of the marine Paja Formation biota from the Early Cretaceous of Colombia reveals the highest trophic levels ever estimated" by Dirley Cortes and Hans Larsson, was published in the Zoological Journal of the Linnean Society.
The research was supported by funding from the McGill-STRI Neotropical Environment Option (NEO) and the Natural Sciences and Engineering Research Council of Canada (NSERC).



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251218060611.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Earth may have been ravaged by "invisible" explosions from space | ScienceDaily
Touchdown airbursts are a form of cosmic impact that may happen more often than the well-known, crater-forming events linked to mass extinctions. Despite their potential for destruction, these explosive encounters remain poorly understood. UC Santa Barbara Earth Science Emeritus Professor James Kennett and his colleagues argue that these powerful events deserve far more scientific attention.


						
"Touchdown events can cause extreme damage through very high temperatures and pressures," Kennett said. "And yet they don't necessarily form a crater, or they form ephemeral surface disturbances, but they're not the classic major craters that come from direct impacts."

Recent research led by Kennett includes four newly published studies presenting evidence for multiple airburst events that occurred at different points in the past. In these events, an incoming object such as a comet detonates above the ground, releasing intense heat and shockwaves that reach Earth's surface. The evidence comes from a wide range of locations, including deep ocean sediments in the North Atlantic and the ruins of an ancient desert city. Across these sites, researchers identified signs of extreme conditions, including rare elements tied to the original space object, glassy material formed from melted Earth sediments, tiny spherical particles created by intense heat, and shocked quartz showing distinctive crack patterns.

Younger Dryas Evidence Found Beneath the Ocean

One of the studies, published in the journal PLOS One, describes the first discovery of airburst-related impact markers in marine sediments connected to the Younger Dryas Impact Hypothesis (YDIH). The material was found in deep-sea cores recovered from Baffin Bay, off Greenland's western coast.

"Baffin Bay is very significant because it's the first time we've found evidence for the Younger Dryas cosmic impact event in the marine record," Kennett said. The Younger Dryas hypothesis proposes that around 12,800 years ago, fragments of a comet exploded above Earth, setting off a sudden global cooling episode known as the Younger Dryas. This period coincided with the disappearance of many large animals and major changes in human populations and cultures. Because the comet broke apart, multiple explosions likely occurred, igniting widespread fires. These fires left behind a distinctive carbon-rich layer known as a "black mat," found mainly across the Northern Hemisphere in parts of the Americas and Europe. This layer is also rich in platinum, iridium, metallic melt particles, shocked quartz, and fused minerals known as meltglass.

"They're preserved in marine sediments as deep as about 2,000 meters," Kennett said. He explained that while these materials do not directly measure the strength of the explosions, they demonstrate how powerful and far-reaching the event was and hint at its influence on climate. "The material was thrown up into the atmosphere, and was globally transported and deposited in a broadly distributed layer that we earlier have described."

Searching for a Missing Crater




Cosmic impacts vary widely, ranging from the constant fall of fine extraterrestrial dust to massive collisions that occur only once every tens of millions of years. Large impacts usually leave craters, which have long served as the strongest physical evidence for such events. Because touchdown airbursts often fail to deform the landscape in lasting ways, confirming their occurrence is much more difficult. This stands in contrast to famous sites like the Chicxulub crater near Mexico's Yucatan Peninsula, which is directly linked to the extinction of the dinosaurs.

"Previously, there has been no evidence for the Younger Dryas boundary (YDB) event of any crater or possible crater," said Kennett. "So these events are more difficult to detect, especially when they are older than a few thousand years and after being buried, leave little or no superficial evidence."

However, a shallow seasonal lake near Perkins in southeast Louisiana may represent the first known crater dating to the Younger Dryas Boundary. Writing in the ScienceOpen journal Airbursts and Cratering Impacts, the research team revisited a suggestion made in 1938 by the landowner, who noted the lake's circular shape and a "crater-like rim raised about 1 meter above the surrounding terrain." Detailed sediment studies did not begin until 2006. Between then and 2024, researchers examined multiple sediment cores from the site and identified meltglass, spherules, and shocked quartz. Radiocarbon dating placed these materials within the Younger Dryas period. Even so, the team emphasized that "further research would be beneficial for testing the hypothesis that the lake/depression resulted from a cosmic impact."

Reexamining Tunguska and Tall el-Hammam

Shocked quartz has long been recognized as a sign of extreme heat and pressure from cosmic impacts. Traditionally, this evidence has been associated with large crater-forming events that produce straight, parallel cracks in quartz grains. In two additional papers published in Airbursts and Cratering Impacts, the researchers argue that airbursts can generate a wider range of fracture patterns. To support this, they analyzed samples from the site of the Tunguska explosion in Siberia in 1908 and revisited findings from Tall el-Hammam, an ancient city in the Levant believed to have been destroyed by a similar event about 3,600 years ago.

"The interesting thing about Tunguska is that it is the only recorded historical touchdown event," Kennett said. The explosion was witnessed by people on the ground, who described a bright fireball, and photographs later documented vast areas of flattened forest. Despite decades of study focused on fallen trees and soil damage, scientists had rarely searched for microscopic impact evidence. The new work represents the first comprehensive identification of airburst-related impact materials at Tunguska.




At the Tunguska site, researchers found shocked quartz showing clear planar fractures, some of which were filled with meltglass. They also identified tiny impact-formed spheres, along with melted metal and carbon. The energy released by the blast may have also created small depressions in the ground that later filled with water, forming today's swamps and lakes.

The team also strengthened the case for an airburst over Tall el-Hammam during the Middle Bronze Age. Alongside previously reported spherules, carbon, meltglass, and rare minerals, they documented shocked quartz displaying a wide variety of crack patterns. These included classic parallel fractures as well as curved, web-like, and sub-planar features, suggesting intense pressures and complex blast directions similar to those observed at Tunguska.

A More Common and Widespread Threat

Together, the new studies support the idea that cosmic impacts, particularly touchdown airbursts, may be far more frequent than scientists once assumed.

"They're far more common, but also possess much more destructive potential than the more localized, classic crater-forming asteroidal impacts." said Kennett. "The destruction from touchdown events can be much more widespread.And yet they haven't been very well studied, so these should be of interest to humanity."
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From biting flies to feathered dinosaurs, scientists reveal 70 new species | ScienceDaily
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 A new species of mouse opossum with an exceptionally long nose and tail, Marmosa chachapoya. Credit: (c) Pedro Peloso

 




						From biting fruit flies and a tiny long-nosed mouse opossum to a feathered dinosaur preserved with evidence of its final meal, scientists at the American Museum of Natural History identified more than 70 species new to science this year. These discoveries cover an astonishing sweep of life on Earth, including dinosaurs, mammals, fishes, reptiles, insects, arachnids, marine invertebrates, and even a mineral never documented before. Together, they reflect the Museum's ongoing role at the forefront of global biodiversity research.


						
New Finds and Old Collections Yield Breakthroughs

Not all of the newly described species were found in recent expeditions. Some were uncovered during modern fieldwork in remote regions, while others came to light after researchers reexamined specimens that had been stored in Museum collections for decades. Advances in technology and fresh scientific perspectives made it possible to recognize species that had long gone unnoticed.

"Together, these discoveries highlight the remarkable richness of Earth's biodiversity and underscore the enduring value of natural history collections," said the Museum's Senior Vice President and Provost of Science Cheryl Hayashi. "Specimens preserved across generations continue to reveal new insights, reminding us how much there is still to learn about life on our planet."

Highlights From the Newly Described Species

Among the newly described species are:
    	A new genus and species of sea anemone, Endolobactis simoesii, that has frond-like projections located on its lobes. The discovery results from an effort to improve scientists' understanding of the diversity of sea anemones of the Atlantic side of Mexico and brings the number of documented species in this region to 24. (Zootaxa)
    	Two species of fruit flies whose mouthparts are modified into a pair of hard "jaws" in the males. An extraordinary feature among flies, these structures are likely used for grasping the female during courtship. Both species are known from single specimens collected from the Philippines in the 1930s but just recently studied. (Proceedings of the Entomological Society of Washington)
    	A Jurassic reptile with python-like hooked teeth and a body similar to a gecko's that has links to the origins of lizards and snakes. The new species, Breugnathair elgolensis, was discovered in Scotland's Isle of Skye by an international team of researchers and is one of the oldest relatively complete fossil lizards yet discovered. (Nature)
    	A new species of mineral, called Lucasite-(La), which was discovered within a volcanic rock in Russia. The mineral was officially approved by the International Mineralogical Association this year, and the type material is now part of the Museum's permanent collection. (European Journal of Mineralogy)
    	A small species of mouse opossum with an exceptionally long nose and tail (Marmosa chachapoya). The mouse opossum was found in Parque Nacional Rio Abiseo in a remote part of the Peruvian Andes formerly occupied by people of the pre-Columbian Chachapoya culture, for which the species is named. Few species of mouse opossums have been collected at such a high elevation. (American Museum Novitates)
    	A squirrel-sized animal that lived in the early Jurassic in what is now China between about 174 and 201 million years ago, Camurocondylus lufengensis. In a study led by researchers at the Museum and at the Chinese Academy of Sciences, C. lufengensis was detailed along with a second species discovered in the 1980s, finding that the evolution of the modern mammal jaw is more complex than previously thought. (Nature)
    	A new genus and species of a crinoid, an ancient group of marine animals still alive today -- sometimes called sea lilies -- that are related to starfish, sea urchins, and sea cucumbers. Discovered on the Natiscotec River on Anticosti Island, Quebec, the new fossil species, Anticosticrinus natiscotecensis, has a unique pattern of plates on the main structure of its body. (Journal of Paleontology)
    	A fish from northwestern Madagascar that was discovered more than 20 years ago when the lead scientist was a graduate student. The new species, a cichlid that was named Paretroplus risengi, is distinguished by unique breeding coloration among other features. (Deep Blue Documents)
    	Forty-seven species of fossil and modern insects, primarily bees, including a "teddy bear" bee species from Vietnam, Habropoda pierwolae (Raffles Bulletin of Zoology); a cuckoo bee with long, sword-like spines on its back, Xiphodioxys haladai (American Museum Novitates); a digger bee from Chile, Anthophora brunneipecten, with a small comb on its face for combing up pollen from its host plants (Entomologist's Monthly Magazine); and a fossil bumble bee species from the crater lake of Enspel, Germany, still carrying pollen, Bombus messegus (New Phytologist)
    	Two new species from the group of earliest feathered dinosaurs that lived about 125 million years ago in what is now China: one that was originally identified as a primitive "bird," Sinosauropteryx lingyuanensis, and was discovered more than 10 years ago; and the other, Huadanosaurus sinensis, which was found with two mammal skeletons in its abdomen, the remains of its last meal. (National Science Review)
    	Two new species of suckermouth catfishes from rapids along the Congo River, Chiloglanis kinsuka and Chiloglanis wagenia. These sister species are both highly adapted to the river and are separated by nearly 1 mile of river (1600 kilometers). (American Museum Novitates)
    	Four species of small "sap" flies (family Aulacigastridae) in 17 million-year old amber from the Dominican Republic, captured when the tree resin was still soft. These flies today feed on the sap of wounded trees. The species reveal a surprising connection between the Caribbean and North America, since most such connections today and in the past are with Central and South America. (Proceedings of the Entomological Society of Washington)
    	A suckermouthed minnow from the highlands of Vietnam that was collected and shelved 25 years ago by Museum ichthyologists and only recently examined. This is the first species of this genus discovered in Vietnam, and it was given the name Supradiscus varidiscus. (American Museum Novitates)
    	Four different arachnids, including a scorpion from Iran -- Hemiscorpius jiroftensis -- whose venom is of interest in the development of pharmaceuticals (Diversity); a giant vinegaroon/whip scorpion from Mexico, Mastigoproctus spinifemoratus, discovered in collections borrowed from the California Academy of Sciences (Arthropoda); a short-tailed whip scorpion from the Venezuelan Amazon, Jipai longevus (Zootaxa); and a troglomorphic, cave-dwelling hooded tick-spider from Venezuela, Cryptocellus armasi (Zootaxa)
    	A cryptic large-eyed fish from the Kouilou-Niari River in the Republic of the Congo that had long been misidentified. The new species, Labeo niariensis, a type of African fish known as Labeo, a type of carp, is based on specimens collected between 2010 and 2013. (Journal of Fish Biology)
    	A pollen wasp (Metaparagia cuttacutta) collected in the Northern Territory, Australia. It represents the tenth described species of this genus and was collected by the lead scientist while he was stranded in Australia for eight months during the COVID-19 pandemic. (Australian Entomologist)
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Scientists found a hidden clock inside dinosaur eggshells | ScienceDaily
A global team of geologists and paleontologists has developed a new technique that makes it possible to accurately determine the age of fossil-bearing rocks by directly analyzing fossilized dinosaur eggshells. This approach offers a reliable alternative to methods that depend on surrounding materials that may not always be present.


						
The research was led by Dr. Ryan Tucker of Stellenbosch University's Department of Earth Sciences and published in the journal Communications Earth & Environment.

Why Fossil Dating Has Been So Difficult

Many fossil sites around the world lack precise age estimates. When scientists do not know exactly when fossils formed, it becomes much harder to understand how ancient species and ecosystems evolved and interacted over time. Traditional dating methods usually rely on minerals like zircon or apatite found near fossils, but these minerals are not consistently available at every site. Efforts to directly date fossil remains such as bones or teeth have often resulted in unreliable or inconsistent ages.

Instead of focusing on surrounding minerals or skeletal remains, Dr. Tucker and his colleagues turned their attention to fossilized dinosaur eggshells. Using advanced uranium-lead (U-Pb) dating combined with detailed elemental mapping, the team measured extremely small amounts of uranium and lead locked inside the calcite structure of the eggshells. These radioactive elements decay at known rates, effectively acting as a built-in clock that reveals when the eggs were buried.

Testing the Method in Utah and Mongolia

The researchers tested their approach on dinosaur eggshells from Utah (USA) and the Gobi Desert (Mongolia). The results showed that the eggshells could be dated with an accuracy of about five percent when compared with ages determined from volcanic ash layers. In Mongolia, the team achieved a major milestone by establishing the first direct age for a famous site containing dinosaur eggs and nests, placing it at roughly 75 million years old.




"Eggshell calcite is remarkably versatile," says Dr. Tucker. "It gives us a new way to date fossil sites where volcanic layers are missing, a challenge that has limited paleontology for decades."

The project brought together scientists from the North Carolina Museum of Natural Sciences, North Carolina State University, Colorado School of Mines, the Mongolian Academy of Sciences' Institute of Paleontology, and Universidade Federal de Ouro Preto (Brazil). Fieldwork in Mongolia was conducted through the Mongolian Alliance for Dinosaur Exploration (MADEx), with support from the National Geographic Society and the National Science Foundation.

A Powerful Tool for Understanding Dinosaur Evolution

By demonstrating that dinosaur eggshells can reliably record geologic time, the study creates a new connection between biology and Earth science and provides researchers with a valuable tool for dating fossil sites worldwide.

"Direct dating of fossils is a paleontologist's dream," says study co-author Lindsay Zanno, associate research professor at North Carolina State University and head of paleontology at the North Carolina Museum of Natural Sciences. "Armed with this new technique, we can unravel mysteries about dinosaur evolution that used to be insurmountable."

The article "U-Pb calcite age dating of fossil eggshell as an accurate deep time geochronometer" was published in Communications Earth & Environment.
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        What you eat could decide the planet's future
        What we put on our plates may matter more for the climate than we realize. Researchers found that most people, especially in wealthy countries, are exceeding a "food emissions budget" needed to keep global warming below 2degC. Beef alone accounts for nearly half of food-related emissions in Canada. Small changes--less waste, smaller portions, and fewer steaks--could add up to a big climate win.

      

      
        Why consciousness can't be reduced to code
        The familiar fight between "mind as software" and "mind as biology" may be a false choice. This work proposes biological computationalism: the idea that brains compute, but not in the abstract, symbol-shuffling way we usually imagine. Instead, computation is inseparable from the brain's physical structure, energy constraints, and continuous dynamics. That reframes consciousness as something that emerges from a special kind of computing matter, not from running the right program.

      

      
        AI supercharges scientific output while quality slips
        AI writing tools are supercharging scientific productivity, with researchers posting up to 50% more papers after adopting them. The biggest beneficiaries are scientists who don't speak English as a first language, potentially shifting global centers of research power. But there's a downside: many AI-polished papers fail to deliver real scientific value. This growing gap between slick writing and meaningful results is complicating peer review, funding decisions, and research oversight.

      

      
        Are they really listening? Watch their blinks
        Your eyes may reveal when your brain is working overtime. Researchers found that people blink less when trying to understand speech in noisy environments, especially during the most important moments. The effect stayed the same in bright or dark rooms, showing it's driven by mental effort, not light. Blinking, it turns out, is a quiet marker of focused listening.

      

      
        Ancient sewers expose a hidden health crisis in Roman Britain
        Sediments from a Roman latrine at Vindolanda show soldiers were infected with multiple intestinal parasites, including roundworm, whipworm, and Giardia -- the first time Giardia has been identified in Roman Britain. These parasites spread through contaminated food and water, causing diarrhea, weakness, and long-term illness. Even with sewers and communal toilets, infections passed easily between soldiers. The discovery highlights how harsh and unhealthy life could be on Rome's northern frontier.

      

      
        Science says we've been nurturing "gifted" kids all wrong
        A major international review has upended long-held ideas about how top performers are made. By analyzing nearly 35,000 elite achievers across science, music, chess, and sports, researchers found that early stars rarely become adult superstars. Most world-class performers developed slowly and explored multiple fields before specializing. The message is clear: talent grows through variety, not narrow focus.

      

      
        Deaths of despair were rising long before opioids
        Long before opioids flooded communities, something else was quietly changing--and it may have helped set the stage for today's crisis. A new study finds that as church attendance dropped among middle-aged, less educated white Americans, deaths from overdoses, suicide, and alcohol-related disease began to rise. The trend started years before OxyContin appeared, suggesting the opioid epidemic intensified a problem already underway.

      

      
        The real reason incomes rise and why they drop
        Getting ahead financially is mainly about what you earn at work, not what you make from investments. Researchers found that promotions, skills, and better jobs drive most upward income movement. But when people slip backward, falling investment income is usually the main reason. Labor builds income steadily; capital is riskier and more unpredictable.
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What you eat could decide the planet's future | ScienceDaily
eople, the holidays often bring joyful indulgence, followed by regret and ambitious New Year's resolutions to eat better.
A recent study from the University of British Columbia suggests moderation should not be a seasonal goal but a long-term one. The research found that 44 percent of the global population would need to change their eating habits to keep global warming below 2 degC.
The study was led by Dr. Juan Diego Martinez while he was a doctoral student at UBC's Institute for Resources, Environment and Sustainability. He explains what the research uncovered and outlines practical diet changes that could make a real difference.

What did you find? 

Half of us globally and at least 90 percent of Canadians need to change our diets to prevent severe planetary warming. And that number is conservative, because we used 2012 data. Since then, emissions and the world's population have both increased. Looking ahead to 2050, we found that 90 percent of us will need to be eating differently.

We looked at data from 112 countries, accounting for 99 percent of food-related greenhouse gas emissions globally, and divided each country's population into 10 income groups. We calculated a food emissions budget for each person by combining emissions from food consumption, global food production and supply chains, and compared these emissions to the total the world can afford if we want to stay below 2 degC of warming.

Why focus on dietary changes rather than, say, flying less?

The world's food systems are responsible for more than one-third of all human greenhouse gas emissions.

We found that the 15 percent of people who emitted the most account for 30 percent of total food emissions, equaling the contribution of the entire bottom 50 percent. This select group consists of the wealthiest people in high emissions countries, including the Central African Republic, Brazil and Australia.




Even though this group is emitting a lot, there is a much higher number of people whose diets are above that cap. This is why half, not just the richest, of the global population needs to change diets. In Canada, all 10 income groups are above the cap.

Debates around flying less, driving electric and buying fewer luxury goods are valid: We need to reduce emissions any way we can. However, food emissions are not just a problem for the richest -- we all need to eat, so we can all make a change. For people who are both flying frequently and eating lots of beef, it's not an either/or: Try to reduce both.

What changes can we make to our diets? 

Eat only what you need. Repurpose what you don't. Less wasted food means fewer emissions, less cooking and more easy, tasty leftovers.

Eliminate or reduce your beef consumption -- 43 percent of food-related emissions from the average Canadian come from beef alone. We could have had our beef and eaten it too if we'd followed the agreements laid out in the Kyoto Protocol, but we're now at a point where food emissions also need to fall to avoid the worst of climate change.

I grew up in Latin America where eating a lot of beef is part of the culture, so I get how much of an ask this is. But we just can't deny the data anymore.

Vote with your fork. This is a first step to demand change from your political leaders. The more we talk about our own dietary changes and what matters to us, the more politicians will begin to care about policies that bring positive changes to our food systems.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251224032356.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why consciousness can't be reduced to code | ScienceDaily
Today's arguments about consciousness often get stuck between two firm camps. One is computational functionalism, which says thinking can be fully described as abstract information processing. If a system has the right functional organization (regardless of the material it runs on), it should produce consciousness. The other is biological naturalism, which argues the opposite. It says consciousness cannot be separated from the special features of living brains and bodies because biology is not just a container for cognition, it is part of cognition itself. Both views capture real insights, but the deadlock suggests an important piece is still missing.


						
In our new paper, we propose a different approach: biological computationalism. The label is meant to be provocative, but also to sharpen the conversation. Our main argument is that the standard computational framework is broken, or at least poorly suited to how brains actually work. For a long time, it has been tempting to picture the mind as software running on neural hardware, with the brain "computing" in roughly the way a conventional computer does. But real brains are not von Neumann machines, and forcing that comparison leads to shaky metaphors and fragile explanations. If we want a serious account of how brains compute, and what it would take to build minds in other substrates, we first need a broader definition of what "computation" can be.

Biological computation, as we describe it, has three core features.

Hybrid Brain Computation in Real Time

First, biological computation is hybrid. It mixes discrete events with continuous dynamics. Neurons fire spikes, synapses release neurotransmitters, and networks shift through event-like states. At the same time, these events unfold within constantly changing physical conditions such as voltage fields, chemical gradients, ionic diffusion, and time-varying conductances. The brain is not purely digital, and it is not simply an analog machine either. Instead, it works as a multi-layered system where continuous processes influence discrete events, and discrete events reshape the continuous background, over and over, in an ongoing feedback loop.

Why Brain Computation Cannot Be Separated by Scale

Second, biological computation is scale-inseparable. In conventional computing, it is often possible to cleanly separate software from hardware, or a "functional level" from an "implementation level." In the brain, that kind of separation breaks down. There is no neat dividing line where you can point to the algorithm on one side and the physical mechanism on the other. Cause and effect run across many scales at once, from ion channels to dendrites to circuits to whole-brain dynamics, and these levels do not behave like independent modules stacked in layers. In biological systems, changing the "implementation" changes the "computation," because the two are tightly intertwined.




Metabolism and Energy Constraints Shape Intelligence

Third, biological computation is metabolically grounded. The brain operates under strict energy limits, and those limits shape its structure and function everywhere. This is not just an engineering detail. Energy constraints influence what the brain can represent, how it learns, which patterns remain stable, and how information is coordinated and routed. From this perspective, the tight coupling across levels is not accidental complexity. It is an energy optimization strategy that supports robust, flexible intelligence under severe metabolic limits.

The Algorithm Is the Substrate

Taken together, these three features point to a conclusion that can feel strange if you are used to classical computing ideas. Computation in the brain is not abstract symbol manipulation. It is not simply about moving representations around according to formal rules while the physical medium is treated as "mere implementation." In biological computation, the algorithm is the substrate. The physical organization does not just enable the computation, it is what the computation consists of. Brains do not merely run a program. They are a specific kind of physical process that computes by unfolding through time.

What This Means for AI and Synthetic Minds

This view also exposes a limitation in how people often describe modern AI. Even powerful systems mostly simulate functions. They learn mappings from inputs to outputs, sometimes with impressive generalization, but the computation is still a digital procedure running on hardware built for a very different style of computing. Brains, by contrast, carry out computation in physical time. Continuous fields, ion flows, dendritic integration, local oscillatory coupling, and emergent electromagnetic interactions are not just biological "details" that can be ignored while extracting an abstract algorithm. In our view, these are the computational primitives of the system. They are the mechanisms that enable real-time integration, resilience, and adaptive control.




Not Biology Only, But Biology Like Computation

This does not mean we think consciousness is somehow restricted to carbon-based life. We are not arguing "biology or nothing." Our claim is narrower and more practical. If consciousness (or mind-like cognition) depends on this kind of computation, then it may require biological-style computational organization, even if it is built in new substrates. The key issue is not whether the substrate is literally biological, but whether the system instantiates the right kind of hybrid, scale-inseparable, metabolically (or more generally energetically) grounded computation.

A Different Target for Building Conscious Machines

That reframes the goal for anyone trying to build synthetic minds. If brain computation cannot be separated from how it is physically realized, then scaling digital AI alone may not be enough. This is not because digital systems cannot become more capable, but because capability is only part of the puzzle. The deeper risk is that we may be optimizing the wrong thing by improving algorithms while leaving the underlying computational ontology unchanged. Biological computationalism suggests that building truly mind-like systems may require new kinds of physical machines whose computation is not organized as software on hardware, but spread across levels, dynamically linked, and shaped by the constraints of real-time physics and energy.

So if we want something like synthetic consciousness, the central question may not be, "What algorithm should we run?" It may be, "What kind of physical system must exist for that algorithm to be inseparable from its own dynamics?" What features are required, including hybrid event-field interactions, multi-scale coupling without clean interfaces, and energetic constraints that shape inference and learning, so that computation is not an abstract description layered on top but an intrinsic property of the system itself?

That is the shift biological computationalism calls for. It moves the challenge from finding the right program to finding the right kind of computing matter.
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AI supercharges scientific output while quality slips | ScienceDaily
After ChatGPT became widely available in late 2022, many researchers started telling colleagues they could get more done with these new artificial intelligence tools. At the same time, journal editors reported a surge of smoothly written submissions that did not seem to add much scientific value.


						
A new Cornell study suggests those informal reports point to a broader change in how scientists are preparing manuscripts. The researchers found that large language models (LLMs) such as ChatGPT can increase paper output, with especially strong benefits for scientists who are not native English speakers. But the growing volume of AI written text is also making it harder for key decision makers to tell meaningful work apart from low value content.

"It is a very widespread pattern, across different fields of science -- from physical and computer sciences to biological and social sciences," said Yian Yin, assistant professor of information science in the Cornell Ann S. Bowers College of Computing and Information Science. "There's a big shift in our current ecosystem that warrants a very serious look, especially for those who make decisions about what science we should support and fund."

The findings appear in a paper titled "Scientific Production in the Era of Large Language Models," published Dec. 18 in Science.

How the Cornell Team Measured AI Use in Research Papers

To examine how LLMs are influencing scientific publishing, Yin's team compiled more than 2 million papers posted from January 2018 through June 2024 across three major preprint platforms. Those sites are arXiv, bioRxiv and Social Science Research Network (SSRN). Together, they represent the physical sciences, life sciences and social sciences, and they host studies that have not yet been through peer review.

The researchers used papers posted before 2023 that were presumed to be written by humans and compared them with AI generated text. From that comparison, they built a model designed to flag papers that were likely written with help from LLMs. Using this detector, they estimated which authors were probably using LLMs for writing, tracked how many papers those scientists posted before and after adopting the tools, and then checked whether the papers were later accepted by scientific journals.




Big Productivity Gains, Especially for Non Native English Speakers

The results showed a clear productivity jump linked to apparent LLM use. On arXiv, scientists flagged as using LLMs posted roughly one third more papers than those who did not appear to use AI. On bioRxiv and SSRN, the increase exceeded 50%.

The boost was largest for scientists who write in English as a second language and face extra hurdles when communicating technical work in a foreign language. For example, researchers affiliated with Asian institutions posted between 43.0% and 89.3% more papers after the detector suggested they began using LLMs, compared with similar researchers who did not appear to adopt the technology, depending on the preprint site. Yin expects the advantage could eventually shift global patterns of scientific productivity toward regions that have been held back by the language barrier.

AI Search May Broaden What Scientists Cite

The study also pointed to a potential benefit during literature searches and citation building. When researchers look for related work to cite, Bing Chat -- described as the first widely adopted AI powered search tool -- performed better at surfacing newer papers and relevant books than traditional search tools. Traditional tools, by contrast, were more likely to return older and more heavily cited sources.

"People using LLMs are connecting to more diverse knowledge, which might be driving more creative ideas," said first author Keigo Kusumegi, a doctoral student in the field of information science. He plans future research to test whether AI use is associated with more innovative and interdisciplinary science.




A New Problem for Peer Review and Research Evaluation

Even as LLMs help individuals produce more manuscripts, the same tools can make it harder for others to judge what is truly strong science. In human written papers, clearer yet more complex writing, including longer sentences and bigger words, has often been a useful signal of higher quality research. Across arXiv, bioRxiv and SSRN, papers likely written by humans that scored highly on a writing complexity test were also the most likely to be accepted by journals.

That pattern looked different for papers likely written with LLM assistance. Even when those AI flagged papers scored high on writing complexity, they were less likely to be accepted by journals. The researchers interpret this as a sign that polished language may no longer reliably reflect scientific value, and that reviewers may be rejecting some of these papers despite strong sounding writing.

Yin said this gap between writing quality and research quality could have serious consequences. Editors and reviewers may struggle more to identify the most valuable submissions, while universities and funding agencies may find that raw publication counts no longer reflect scientific contribution.

What Comes Next for Research on Generative AI

The researchers emphasize that these findings are observational. As a next step, they hope to test cause and effect using approaches such as controlled experiments, including designs where some scientists are randomly assigned to use LLMs and others are not.

Yin is also organizing a symposium on the Ithaca campus scheduled for March 3-5, 2026. The event will explore how generative AI is changing research and how scientists and policymakers can guide those changes.

As AI becomes more common for writing, coding and even generating ideas, Yin expects its influence to expand, effectively turning these systems into a kind of co scientist. He argues that policymakers should update rules to keep pace with the fast moving technology.

"Already now, the question is not, have you used AI? The question is, how exactly have you used AI and whether it's helpful or not."

Study Authors and Funding

Co authors include Xinyu Yang, a doctoral student in the field of computer science; Paul Ginsparg, professor of information science in Cornell Bowers and of physics in the College of Arts and Sciences, and founder of arXiv; and Mathijs de Vaan and Toby Stuart of the University of California, Berkeley.

The research was supported by the National Science Foundation.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251224032347.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Are they really listening? Watch their blinks | ScienceDaily
Blinking is something people do automatically, much like breathing, without giving it much thought. While most scientific research on blinking has focused on eyesight, a new study from Concordia University explores a different connection. The research looks at how blinking relates to cognitive processes, including how the brain filters out background noise so we can focus on speech in busy environments.


						
The findings were published in the journal Trends in Hearing. In the paper, researchers outline two experiments designed to observe how blinking behavior changes when people are exposed to different listening conditions.

Fewer Blinks Signal Greater Mental Effort

The researchers discovered that people tend to blink less when they are working harder to understand speech in noisy settings. This reduction in blinking appears to reflect the mental effort involved in listening closely during everyday conversations. Importantly, the pattern stayed the same regardless of lighting conditions -- participants blinked at similar rates whether the room was bright, dim, or dark.

"We wanted to know if blinking was impacted by environmental factors and how it related to executive function," says lead author Penelope Coupal, an Honours student at the Laboratory for Hearing and Cognition. "For instance, is there a strategic timing of a person's blinks so they would not miss out on what is being said?"

The results showed that blinking does appear to be timed in a purposeful way.

"We don't just blink randomly," says Coupal. "In fact, we blink systematically less when salient information is presented."

Measuring Blinks During Challenging Listening Tasks




The study included nearly 50 adult participants. Each person sat in a soundproof room and focused on a fixed cross displayed on a screen. They listened to short spoken sentences through headphones while the level of background noise changed. The signal-to-noise ratio (SNR) ranged from very quiet to highly distracting.

Participants wore eye-tracking glasses that captured every blink and recorded exactly when each blink occurred. Researchers divided each listening session into three phases: before the sentence played, while it was playing, and immediately afterward.

Blink rates dropped most noticeably during the sentences themselves, compared to the moments before and after. The decrease was strongest when background noise was loudest and speech was hardest to understand.

Lighting Does Not Explain the Effect

In a second experiment, the team tested blinking behavior again while changing the lighting conditions. Participants completed the listening tasks in dark, medium, and brightly lit rooms, across different SNR levels. The same blink suppression pattern appeared each time.

This consistency showed that the effect was driven by cognitive demands rather than changes in how much light entered the eyes.




Although individuals differed widely in how often they blinked overall -- some participant blinked as little as 10 times per minute, while others may have blinked 70 times per minute -- the overall trend was clear and statistically meaningful.

Blinks as a Tool for Studying Brain Function

Earlier research linking eye behavior to mental effort mostly relied on pupil dilation (pupillometry). In many cases, blinks were treated as unwanted interruptions and removed from the data. In contrast, this study revisited existing pupillometry data and focused directly on blink timing and frequency.

The researchers say the results support using blink rate as a simple and low-effort way to measure cognitive function, both in controlled laboratory experiments and in real-world situations.

"Our study suggests that blinking is associated with losing information, both visual and auditory," says co-author Mickael Deroche, an associate professor in the Department of Psychology.

"That is presumably why we suppress blinking when important information is coming. But to be fully convincing, we need to map out the precise timing and pattern of how visual/auditory information is lost during a blink. This is the logical next step, and a study is being led by postdoctoral fellow Charlotte Bigras. But these findings are far from trivial."

Yue Zhang contributed to this research.
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Ancient sewers expose a hidden health crisis in Roman Britain | ScienceDaily
Scientists studying ancient sewer drains at the Roman fort of Vindolanda, located near Hadrian's Wall, have uncovered evidence that the people living there were infected with three different intestinal parasites: roundworm, whipworm, and Giardia duodenalis.


						
All three parasites spread through poor sanitation, typically when food, water, or hands are contaminated with human feces. Roundworms can grow to 20-30cm in length, while whipworms reach about 5cm. Giardia duodenalis is a microscopic protozoan parasite known for causing outbreaks of severe diarrhea. The discovery marks the first confirmed evidence of Giardia duodenalis in Roman Britain.

Vindolanda and the Roman Frontier in Britain

Vindolanda sat close to Hadrian's Wall in northern England. The wall was constructed by the Romans in the early 2nd century AD to protect the province of 'Britannia' from northern tribes and remained in use until the late 4th century. The fort itself lies between Carlisle and Corbridge in what is now Northumberland, Britain.

Stretching east to west from the North Sea to the Irish Sea, Hadrian's Wall featured a series of forts and towers placed at regular intervals. It was defended by a mix of infantry, archers, and cavalry drawn from across the Roman Empire.

A Site Known for Remarkable Preservation

Vindolanda is well known among archaeologists for its exceptional preservation of organic materials, thanks to the site's waterlogged soil. Discoveries include more than 1,000 thin wooden writing tablets that provide rare insight into everyday life at the fort, along with over 5,000 Roman leather shoes.




How Researchers Studied the Ancient Sewers

The parasite analysis focused on sediment taken from a sewer drain connected to the latrine block of a bath complex dating to the 3rd century CE. The research was carried out jointly by scientists from the universities of Cambridge and Oxford and published in the journal Parasitology.

Researchers collected 50 sediment samples from along the drain, which stretched roughly nine meters and carried waste from a communal latrine into a stream north of the fort. Along with the sediment, archaeologists recovered artifacts such as Roman beads, pottery fragments, and animal bones.

The samples were divided between laboratories at Cambridge and Oxford, where scientists examined them under microscopes to search for ancient helminth eggs, which are produced by parasitic worms that infect humans and animals.

Evidence of Worms and Giardia Infection

About 28% of the samples contained eggs from either roundworm or whipworm. One sample showed traces of both parasites. That same sample was further tested using a bio-molecular method called 'ELISA', a technique in which antibodies bind to proteins produced by single-celled organisms. This analysis revealed the presence of Giardia duodenalis.




The research team also examined a sample linked to an earlier fort from the 1st century CE. That fort was built around 85 CE and abandoned by 91/92 CE. The sediment came from a defensive ditch and also contained roundworm and whipworm eggs.

How Parasites Affected Roman Soldiers

"The three types of parasites we found could have led to malnutrition and cause diarrhea in some of the Roman soldiers," said Dr. Marissa Ledger, who led the Cambridge portion of the research as part of her PhD at the University of Cambridge's Department of Archaeology.

"While the Romans were aware of intestinal worms, there was little their doctors could do to clear infection by these parasites or help those experiencing diarrhea, meaning symptoms could persist and worsen. These chronic infections likely weakened soldiers, reducing fitness for duty. Helminths alone can cause nausea, cramping and diarrhea."

Study senior author Dr. Piers Mitchell, an Affiliated Scholar at Cambridge's McDonald Institute for Archaeological Research, explained that Giardia outbreaks could have been especially dangerous. "Some soldiers could have become severely ill from dehydration during summer outbreaks of Giardia, which are often linked to contaminated water and can infection dozens of people at a time. Untreated giardiasis can drag on for weeks, causing dramatic fatigue and weight loss."

Mitchell added that "The presence of the fecal-oral parasites we found suggests conditions were ripe for other intestinal pathogens such as Salmonella and Shigella, which could have triggered additional disease outbreaks."

How Vindolanda Compares to Other Roman Sites

According to the researchers, the dominance of fecal-oral parasites at Vindolanda mirrors findings from other Roman military sites, including Carnuntum in Austria, Valkenburg on Rhine in the Netherlands, and Bearsden in Scotland. In contrast, large urban centers like London and York show a wider range of parasites, including fish and meat tapeworms.

"Despite the fact that Vindolanda had communal latrines and a sewer system, this still did not protect the soldiers from infecting each other with these parasites," said Dr. Patrik Flammer, who analyzed samples at the University of Oxford.

What Ancient Parasites Reveal About the Past

"The study of ancient parasites helps us to know the pathogens that infected our ancestors, how they varied with lifestyle, and how they changed over time," said Prof Adrian Smith, who led the Oxford laboratory involved in the research.

Dr. Andrew Birley, CEO of the Vindolanda Charitable Trust and leader of ongoing excavations at the site, said the findings add to a growing picture of life on Rome's northern frontier. "Excavations at Vindolanda continue to find new evidence that helps us to understand the incredible hardships faced by those posted to this northwestern frontier of the Roman Empire nearly 2,000 years ago, challenging our preconceptions about what life was really like in a Roman frontier fort and town."

W. H. Auden once wrote of a miserable Roman soldier guarding a cold, rain-soaked wall in northern Europe, mentioning "lice in my tunic and a cold in my nose." Based on this new evidence, chronic stomach trouble could easily be added to that list.
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Science says we've been nurturing "gifted" kids all wrong | ScienceDaily
Exceptional performers play a major role in driving innovation and tackling some of the world's most urgent challenges. Because of this, societies have a strong stake in understanding how top-level talent develops. A new review published in the journal Science argues that many long standing approaches to gifted education and talent development rest on flawed assumptions. For the first time, an international and interdisciplinary research team has brought together evidence on how world-class performers emerge in science, classical music, chess, and sports.


						
For decades, research on giftedness and expertise has followed a familiar model. Outstanding achievement was thought to depend on strong early performance, such as excelling in school subjects, sports, or concerts, combined with specific abilities like intelligence, physical coordination, or musical talent. These traits were believed to need years of intense, discipline-focused training to produce elite results. As a result, many talent programs concentrate on identifying the top young performers early and pushing them to specialize quickly.

According to new findings led by Arne Gullich, professor of sports science at RPTU University Kaiserslautern-Landau, this approach may not be the most effective way to nurture future high achievers.

Why Earlier Research Missed the Full Picture

Until recently, most studies of giftedness focused on young or sub-elite performers. These groups included school and college students, youth athletes, young chess players, and musicians training at conservatories. However, evidence drawn from adult world-class athletes has begun to challenge conclusions based on these earlier samples.

"Traditional research into giftedness and expertise did not sufficiently consider the question of how world-class performers at peak performance age developed in their early years," Arne Gullich explains. The goal of the new Review was to address this gap by examining how elite performers actually progressed over time.

To do this, Gullich worked with an international research team that included Michael Barth, assistant professor of sports economics at the University of Innsbruck, D. Zach Hambrick, professor of psychology at Michigan State University, and Brooke N. Macnamara, professor of psychology at Purdue University. Their findings are now published in Science.




Pooling Evidence Across Fields

The researchers reexamined large datasets from many previous studies, analyzing the developmental histories of 34,839 top-level performers from around the world. The group included Nobel Prize winners in the sciences, Olympic medalists, elite chess players, and leading classical music composers. This effort made it possible, for the first time, to compare how world-class performers develop across very different disciplines.

Early Stars Are Rarely Future Legends

One of the most striking conclusions is that elite performers follow a developmental path that differs from long-held assumptions. "And a common pattern emerges across the different disciplines," Gullich notes.

First, individuals who stand out as the best at a young age are usually not the same people who become the best later in life. Second, those who eventually reached the highest levels tended to improve gradually during their early years and were not top performers within their age group. Third, future world-class achievers typically did not focus on a single discipline early on. Instead, they explored a range of activities, such as different academic subjects, musical genres, sports, or professions (e.g., different subjects of study, genres of music, sports, or professions).

How Variety Builds Stronger Performers

The researchers propose three ideas that may help explain these patterns. "We propose three explanatory hypotheses for discussion," says Gullich.




The search-and-match hypothesis suggests that exposure to multiple disciplines increases the likelihood of eventually finding the best personal fit. The enhanced-learning-capital hypothesis proposes that learning in diverse areas strengthens overall learning capacity, making it easier to continue improving later at the highest level within a chosen field. The limited-risks hypothesis argues that engaging in multiple disciplines reduces the chance of setbacks such as burnout, unhealthy work-rest imbalances, loss of motivation, or physical injury in psychomotor disciplines (sports, music).

Arne Gullich summarizes the combined effect of these factors: "Those who find an optimal discipline for themselves, develop enhanced potential for long-term learning, and have reduced risks of career-hampering factors, have improved chances of developing world-class performance."

Encouraging Breadth Instead of Early Specialization

Based on these findings, Gullich offers clear guidance on how young talent should be supported. The evidence suggests avoiding early specialization in a single field. Instead, young people should be encouraged and given opportunities to explore several areas of interest and receive support in two or three disciplines.

These areas do not need to be closely related. Combinations like language and mathematics, or geography and philosophy, can be equally valuable. Albert Einstein provides a famous example -- one of the most important physicists, who was also deeply engaged with music and played the violin from an early age.

Implications for Policy and Practice

The authors argue that these insights should inform changes in how talent development programs are designed. Policymakers and program leaders can move toward approaches grounded in evidence rather than tradition.

As Gullich concludes, "This may enhance opportunities for the development of world-class performers -- in science, sports, music, and other fields."
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Deaths of despair were rising long before opioids | ScienceDaily
A new study suggests that falling participation in organized religion among middle-aged white Americans with lower levels of education may have contributed to the rise in so-called "deaths of despair." These deaths include fatalities linked to drug overdoses, suicide, and alcoholic liver disease.


						
The researchers found a clear pattern at the state level. States that experienced the sharpest drops in church attendance between 1985 and 2000 also saw the largest increases in deaths from these causes during the same period.

A Trend That Began Before the Opioid Crisis

Deaths of despair are often associated with the arrival of OxyContin and other powerful opioids in the late 1990s. However, the new analysis indicates that the upward trend started earlier, at the same time religious participation began to decline.

"What we see in this study is the beginning of the story, before opioids became a major issue, and it shows rises in deaths of despair were already beginning to happen when the opioid crisis hit," said Tamar Oostrom, co-author of the study and an assistant professor of economics at The Ohio State University.

Oostrom worked on the research with Tyler Giles of Wellsley College and Daniel Hungerman of the University of Notre Dame. The study was published online in the Journal of the European Economic Association.

Data Sources and Affected Populations

The research team combined survey data on religious involvement from the General Social Surveys with mortality records from the Centers for Disease Control and Prevention.




Their findings showed that the decline in religious participation was concentrated among white, middle-aged adults without a college degree. This was the same group that experienced the most pronounced increases in deaths of despair, Oostrom said.

The relationship between lower church attendance and higher mortality appeared consistently across genders and was seen in both rural and urban areas of the United States.

Blue Laws and Changes in Church Attendance

To strengthen their findings, the researchers examined the repeal of "blue laws," which had previously restricted many businesses from operating on Sundays. These laws limited competition with church attendance by reducing alternative activities.

A major wave of repeals took place in 1985, when Minnesota, South Carolina, and Texas eliminated their blue laws. The researchers compared outcomes in those states with others that did not make similar changes at that time.

The analysis showed that repealing blue laws led to a 5- to 10-percentage-point drop in weekly attendance at religious services. In later years, those same states also experienced higher rates of deaths of despair.




Mortality Trends Before and After Opioids

Oostrom noted that deaths of despair among middle-aged white Americans had been steadily declining from the late 1970s through the early 1990s. That decline eventually stalled, a shift that aligns with both falling church attendance and the repeal of blue laws.

After OxyContin was introduced in 1996, mortality rates rose sharply.

"OxyContin and the opioid crisis made a bad situation worse, but the deaths of despair were already on the rise," Oostrom said.

Why Churchgoing May Matter for Health

The study raises an important question: how could lower church attendance contribute to higher death rates?

Oostrom explained that people who stop attending religious services often lose social ties, which past research has shown play a crucial role in physical and mental health. However, the findings suggest that social connection alone does not fully explain the pattern.

The researchers did not observe similar declines in other types of social activities during the same period when church attendance was falling.

"Religion may provide some way of making sense of the world, some sense of identity in relation to others, that can't easily be replaced by other forms of socialization," Oostrom said.

She also emphasized that belief itself did not fade during the years studied.

"What changed is whether people identified as religious and whether they go to church. Those are the things that matter when it comes to deaths of despair," she said.

Can Community Participation Reverse the Trend?

The findings raise the possibility that renewed involvement in religious organizations or even secular community groups might help counter rising mortality rates. However, the authors caution that existing evidence does not offer much optimism.

"To our knowledge, findings on this point have so far been pessimistic," the researchers wrote.

Oostrom added that there is no clear sign that broader declines in community participation are reversing. She also noted that the positive effects of religious involvement on life satisfaction are difficult to reproduce through other forms of social engagement.

The growing role of social media in the 21st century may further reduce the likelihood of a meaningful reversal, she said.

"People are less religious now, and there hasn't been a substitute that provides what religion provided to many people. And our paper suggests this could have long-term impacts on health and mortality," Oostrom said.
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The real reason incomes rise and why they drop | ScienceDaily
Economists use the term "income mobility" to describe how easily people or families can move up or down the income scale compared with others in their community. It reflects whether financial positions tend to stay fixed or change over time.


						
Norway stands out for having relatively high income mobility. Many people are able to improve their financial standing, but the system also allows incomes to fall. Movement goes in both directions.

"Your income is the sum of what you earn from work and from capital income," says Professor Roberto Iacono at the Norwegian University of Science and Technology's (NTNU) Department of Social Work.

Capital income refers to money earned from assets such as shares, housing, or business ownership.

While economists have long studied income mobility, there has been much less focus on how different income sources contribute to these changes. In particular, the distinct roles of earnings from work and income from capital have not been closely examined.

That gap led Iacono and his colleagues to ask two key questions. What helps people move up financially, and what causes them to fall behind compared with others?

Jobs Are the Main Driver of Income Gains

To find answers, Iacono worked with Marco Ranaldi from University College London and Joel Buhler from Universitat de Barcelona. The team analyzed detailed records from Norway's income registers (Statistics Norway), covering nearly 300,000 people aged 26 and older. They also developed a new approach to track how labor income and capital income influence earnings over an entire working life.




The results were clear.

"When people's income increases compared to others, it is largely due to what their earnings from work," Iacono said.

In practical terms, this means having a well paying job is the most important factor in getting ahead financially. Income from investments can help, but it rarely plays the leading role in long term income growth.

The picture changes, however, when incomes begin to fall.

Why Falling Incomes Are Linked to Capital

"When people's income declines compared to others, it is mostly due to the fact that their capital income is declining," says Iacono.




Losses from investments, property, or businesses tend to be the biggest reason people slip down the income ladder. These declines often happen at the same time as lower earnings from work, but capital income plays the dominant role.

For most people, steady employment remains essential for improving their financial position.

"Labor income systematically lifts individuals up in comparison to others. Capital income, which is more unstable and concentrated, is more often associated with decreasing income," Iacono said.

Why Labor and Capital Behave So Differently

According to Iacono, labor income and capital income operate in fundamentally different ways, which explains their contrasting effects on income mobility.

"Employment income often increases gradually throughout life, such as when we gain more experience, switch to better jobs or increase our skills. These processes mean that many people's incomes increase over time," he said.

Capital income follows a very different pattern.

"Capital income is more unevenly distributed; it fluctuates a lot and can easily fall if the markets go down or an investment fails. A few earn very well on capital, but for most this is more uncertain and more often results in a decline than sustained growth," Iacono said.

Access to capital also varies widely. High income individuals receive a much larger share of their earnings from investments than the rest of the population. For the majority of people, wages and salaries remain the primary source of income.

Building Stability Through Work First

As a result, most cases of upward income mobility are driven by employment income, either on its own or alongside smaller amounts of capital income.

"Lasting progress in an income position is usually based on solid income from work, which can later make it possible to save and earn more capital," he said.

The findings suggest that for most people, financial progress starts with stable earnings from work. Capital income may follow later, but it is rarely the foundation.
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        Why consciousness can't be reduced to code
        The familiar fight between "mind as software" and "mind as biology" may be a false choice. This work proposes biological computationalism: the idea that brains compute, but not in the abstract, symbol-shuffling way we usually imagine. Instead, computation is inseparable from the brain's physical structure, energy constraints, and continuous dynamics. That reframes consciousness as something that emerges from a special kind of computing matter, not from running the right program.

      

      
        Your roommate's genes may be shaping your gut bacteria
        Scientists studying thousands of rats discovered that gut bacteria are shaped by both personal genetics and the genetics of social partners. Some genes promote certain microbes that can spread between individuals living together. When researchers accounted for this social sharing, genetic influence on the microbiome turned out to be much stronger than previously thought. The study suggests genes can affect others indirectly, without DNA ever being exchanged.

      

      
        Are they really listening? Watch their blinks
        Your eyes may reveal when your brain is working overtime. Researchers found that people blink less when trying to understand speech in noisy environments, especially during the most important moments. The effect stayed the same in bright or dark rooms, showing it's driven by mental effort, not light. Blinking, it turns out, is a quiet marker of focused listening.

      

      
        This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules
        Balanophora is a plant that abandoned photosynthesis long ago and now lives entirely as a parasite on tree roots, hidden in dark forest undergrowth. Scientists surveying rare populations across East Asian islands uncovered how its cellular machinery shrank but didn't disappear, revealing unexpected similarities to parasites like malaria. Some island species even reproduce without sex, cloning themselves to colonize new habitats. This strange survival strategy comes with risks, leaving the plant h...

      

      
        Ancient oceans were ruled by super predators unlike anything today
        Long before whales and sharks, enormous marine reptiles dominated the oceans with unmatched power. Scientists have reconstructed a 130-million-year-old marine ecosystem from Colombia and found predators operating at a food-chain level higher than any seen today. The ancient seas were bursting with life, from giant reptiles to rich invertebrate communities. This extreme complexity reveals how intense competition helped drive the evolution of modern marine ecosystems.

      

      
        Scientists found a hidden clock inside dinosaur eggshells
        Researchers have found that fossilized dinosaur eggshells contain a natural clock that can reveal when dinosaurs lived. The technique delivers surprisingly precise ages and could revolutionize how fossil sites around the world are dated.
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Why consciousness can't be reduced to code | ScienceDaily
Today's arguments about consciousness often get stuck between two firm camps. One is computational functionalism, which says thinking can be fully described as abstract information processing. If a system has the right functional organization (regardless of the material it runs on), it should produce consciousness. The other is biological naturalism, which argues the opposite. It says consciousness cannot be separated from the special features of living brains and bodies because biology is not just a container for cognition, it is part of cognition itself. Both views capture real insights, but the deadlock suggests an important piece is still missing.


						
In our new paper, we propose a different approach: biological computationalism. The label is meant to be provocative, but also to sharpen the conversation. Our main argument is that the standard computational framework is broken, or at least poorly suited to how brains actually work. For a long time, it has been tempting to picture the mind as software running on neural hardware, with the brain "computing" in roughly the way a conventional computer does. But real brains are not von Neumann machines, and forcing that comparison leads to shaky metaphors and fragile explanations. If we want a serious account of how brains compute, and what it would take to build minds in other substrates, we first need a broader definition of what "computation" can be.

Biological computation, as we describe it, has three core features.

Hybrid Brain Computation in Real Time

First, biological computation is hybrid. It mixes discrete events with continuous dynamics. Neurons fire spikes, synapses release neurotransmitters, and networks shift through event-like states. At the same time, these events unfold within constantly changing physical conditions such as voltage fields, chemical gradients, ionic diffusion, and time-varying conductances. The brain is not purely digital, and it is not simply an analog machine either. Instead, it works as a multi-layered system where continuous processes influence discrete events, and discrete events reshape the continuous background, over and over, in an ongoing feedback loop.

Why Brain Computation Cannot Be Separated by Scale

Second, biological computation is scale-inseparable. In conventional computing, it is often possible to cleanly separate software from hardware, or a "functional level" from an "implementation level." In the brain, that kind of separation breaks down. There is no neat dividing line where you can point to the algorithm on one side and the physical mechanism on the other. Cause and effect run across many scales at once, from ion channels to dendrites to circuits to whole-brain dynamics, and these levels do not behave like independent modules stacked in layers. In biological systems, changing the "implementation" changes the "computation," because the two are tightly intertwined.




Metabolism and Energy Constraints Shape Intelligence

Third, biological computation is metabolically grounded. The brain operates under strict energy limits, and those limits shape its structure and function everywhere. This is not just an engineering detail. Energy constraints influence what the brain can represent, how it learns, which patterns remain stable, and how information is coordinated and routed. From this perspective, the tight coupling across levels is not accidental complexity. It is an energy optimization strategy that supports robust, flexible intelligence under severe metabolic limits.

The Algorithm Is the Substrate

Taken together, these three features point to a conclusion that can feel strange if you are used to classical computing ideas. Computation in the brain is not abstract symbol manipulation. It is not simply about moving representations around according to formal rules while the physical medium is treated as "mere implementation." In biological computation, the algorithm is the substrate. The physical organization does not just enable the computation, it is what the computation consists of. Brains do not merely run a program. They are a specific kind of physical process that computes by unfolding through time.

What This Means for AI and Synthetic Minds

This view also exposes a limitation in how people often describe modern AI. Even powerful systems mostly simulate functions. They learn mappings from inputs to outputs, sometimes with impressive generalization, but the computation is still a digital procedure running on hardware built for a very different style of computing. Brains, by contrast, carry out computation in physical time. Continuous fields, ion flows, dendritic integration, local oscillatory coupling, and emergent electromagnetic interactions are not just biological "details" that can be ignored while extracting an abstract algorithm. In our view, these are the computational primitives of the system. They are the mechanisms that enable real-time integration, resilience, and adaptive control.




Not Biology Only, But Biology Like Computation

This does not mean we think consciousness is somehow restricted to carbon-based life. We are not arguing "biology or nothing." Our claim is narrower and more practical. If consciousness (or mind-like cognition) depends on this kind of computation, then it may require biological-style computational organization, even if it is built in new substrates. The key issue is not whether the substrate is literally biological, but whether the system instantiates the right kind of hybrid, scale-inseparable, metabolically (or more generally energetically) grounded computation.

A Different Target for Building Conscious Machines

That reframes the goal for anyone trying to build synthetic minds. If brain computation cannot be separated from how it is physically realized, then scaling digital AI alone may not be enough. This is not because digital systems cannot become more capable, but because capability is only part of the puzzle. The deeper risk is that we may be optimizing the wrong thing by improving algorithms while leaving the underlying computational ontology unchanged. Biological computationalism suggests that building truly mind-like systems may require new kinds of physical machines whose computation is not organized as software on hardware, but spread across levels, dynamically linked, and shaped by the constraints of real-time physics and energy.

So if we want something like synthetic consciousness, the central question may not be, "What algorithm should we run?" It may be, "What kind of physical system must exist for that algorithm to be inseparable from its own dynamics?" What features are required, including hybrid event-field interactions, multi-scale coupling without clean interfaces, and energetic constraints that shape inference and learning, so that computation is not an abstract description layered on top but an intrinsic property of the system itself?

That is the shift biological computationalism calls for. It moves the challenge from finding the right program to finding the right kind of computing matter.
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Your roommate's genes may be shaping your gut bacteria | ScienceDaily
The genes of your roommate may be shaping the bacteria in your gut, and your genes may be influencing theirs, according to a rat study published on December 18 in Nature Communications.


						
By examining more than four thousand rats, researchers found that the makeup of the gut microbiome is affected not only by an individual's own genetic makeup but also by the genes of the animals they share their living space with.

The findings point to a new way genetics and social interactions are connected. Certain commensal gut microbes can move between individuals through close contact. While genes themselves stay put, microbes do not. The study showed that some genes promote the growth of specific gut bacteria, and those bacteria can spread socially.

"This is not magic, but rather the result of genetic influences spilling over to others through social contact. Genes shape the gut microbiome and we found that it is not just our own genes that matter," says Dr. Amelie Baud, a researcher at the Centre for Genomic Regulation in Barcelona and senior author of the study.

Three new gene microbe links identified in rats

The gut microbiome consists of trillions of microorganisms living in the digestive tract, where they play important roles in digestion and overall health. Diet and medications are known to strongly influence these microbial communities, but understanding how genetics contributes has been far more challenging.

In humans, researchers have reliably linked only two genes to gut bacteria. The lactase gene determines whether adults can digest milk and affects milk digesting microbes. The ABO blood group gene also influences gut bacteria, though the exact mechanisms remain unclear.




Scientists believe additional gene microbe links likely exist, but proving them is difficult because genetic and environmental factors overlap in everyday life. Genes can shape diet and lifestyle choices, which then influence the gut microbiome. At the same time, families and friends often share food, living spaces, and microbes, making it hard to separate nature from nurture.

To overcome these challenges, researchers at the Centre for Genomic Regulation and the University of California San Diego turned to rats. Rats share many key aspects of mammalian biology and can be raised under tightly controlled conditions, including identical diets.

Each rat in the study was genetically unique and belonged to one of four separate cohorts. These cohorts were housed at different facilities across the United States and followed different care routines, allowing researchers to test whether genetic effects remained consistent across environments.

By combining genetic data with microbiome profiles from all 4,000 rats, the team identified three genetic regions that consistently influenced gut bacteria across all four cohorts.

The strongest association involved the gene St6galnac1, which adds sugar molecules to the mucus lining of the gut. This gene was linked to higher levels of Paraprevotella, a bacterium believed to feed on these sugars. This connection appeared in every cohort.

A second genetic region included several mucin genes that help form the gut's protective mucus layer and was associated with bacteria from the Firmicutes group. A third region contained the Pip gene, which produces an antibacterial molecule, and was linked to bacteria from the Muribaculaceae family. These bacteria are common in rodents and are also found in humans.




Genes can have social effects

The large size of the study allowed researchers, for the first time, to estimate how much of a rat's microbiome was shaped by its own genes versus the genes of the rats it lived with.

A familiar example of this concept, known as indirect genetic effects, occurs when a mother's genes influence her offspring's growth or immune system through the environment she provides.

In this study, controlled living conditions made it possible to examine indirect genetic effects in a new context. The researchers developed a computational model to separate the influence of a rat's own genes on its gut microbes from the influence of its social partners.

They found that the abundance of some Muribaculaceae bacteria was shaped by both direct and indirect genetic influences. This indicates that certain genetic effects can spread socially through the exchange of microbes.

When these social effects were added to a statistical model, the overall genetic influence on the three newly identified gene microbe links increased by four to eight times. The researchers caution that this may still underestimate the true extent of genetic influence.

"We've probably only uncovered the tip of the iceberg," says Dr. Baud. "These are the bacteria where the signal is strongest, but many more microbes could be affected once we have better microbiome profiling methods."

The findings describe a mechanism in which genetic effects from one individual can spread through social groups by way of gut microbes, changing the biology of others without altering their DNA.

If similar processes occur in humans, and given growing evidence that the gut microbiome plays an important role in health, genetic influences on human health may be underestimated in large population studies. Genes may shape not only an individual's disease risk, but also the disease risk of people around them.

What the findings could mean for human health

According to Dr. Baud, the microbiome has been linked to immune function, metabolism, and behavior. However, many reported associations do not necessarily reflect cause and effect, and the biological mechanisms are often unclear. Genetic studies using animal models in controlled environments can help move beyond correlations to testable explanations of how genes and gut microbes interact in health.

The researchers note that the rat gene St6galnac1 is functionally related to the human gene ST6GAL1, which has also been linked to Paraprevotella in previous studies. This suggests that the way animals coat their gut mucus with sugars may help determine which microbes thrive in the digestive system, potentially representing a shared mechanism across species.

The team also explored how this mechanism might influence infectious diseases such as COVID-19.

Other studies have linked ST6GAL1 to breakthrough SARS-CoV-2 infections, in which vaccinated individuals still become infected. Paraprevotella has also been shown to trigger the breakdown of digestive enzymes that the virus uses to enter host cells. Based on this, the researchers hypothesize that genetic variation in ST6GAL1 could affect Paraprevotella levels and, in turn, susceptibility to viral infection.

They also suggest a possible link to IgA nephropathy, an autoimmune kidney disease. Paraprevotella may alter IgA, an antibody that normally protects the gut. When altered, IgA can leak into the bloodstream and form clumps that damage the kidneys, which is a defining feature of IgA nephropathy.

Next, the researchers plan to closely examine how St6galnac1 affects Paraprevotella in rats and what chain reactions this relationship triggers in the gut and throughout the body.

"I am obsessed with this bacterium now. Our results are supported by data from four independent facilities, which means we can do follow up studies in any new setting. They're also remarkably strong compared with most host-microbiome links. It's a unique opportunity," Dr. Baud concludes.
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Are they really listening? Watch their blinks | ScienceDaily
Blinking is something people do automatically, much like breathing, without giving it much thought. While most scientific research on blinking has focused on eyesight, a new study from Concordia University explores a different connection. The research looks at how blinking relates to cognitive processes, including how the brain filters out background noise so we can focus on speech in busy environments.


						
The findings were published in the journal Trends in Hearing. In the paper, researchers outline two experiments designed to observe how blinking behavior changes when people are exposed to different listening conditions.

Fewer Blinks Signal Greater Mental Effort

The researchers discovered that people tend to blink less when they are working harder to understand speech in noisy settings. This reduction in blinking appears to reflect the mental effort involved in listening closely during everyday conversations. Importantly, the pattern stayed the same regardless of lighting conditions -- participants blinked at similar rates whether the room was bright, dim, or dark.

"We wanted to know if blinking was impacted by environmental factors and how it related to executive function," says lead author Penelope Coupal, an Honours student at the Laboratory for Hearing and Cognition. "For instance, is there a strategic timing of a person's blinks so they would not miss out on what is being said?"

The results showed that blinking does appear to be timed in a purposeful way.

"We don't just blink randomly," says Coupal. "In fact, we blink systematically less when salient information is presented."

Measuring Blinks During Challenging Listening Tasks




The study included nearly 50 adult participants. Each person sat in a soundproof room and focused on a fixed cross displayed on a screen. They listened to short spoken sentences through headphones while the level of background noise changed. The signal-to-noise ratio (SNR) ranged from very quiet to highly distracting.

Participants wore eye-tracking glasses that captured every blink and recorded exactly when each blink occurred. Researchers divided each listening session into three phases: before the sentence played, while it was playing, and immediately afterward.

Blink rates dropped most noticeably during the sentences themselves, compared to the moments before and after. The decrease was strongest when background noise was loudest and speech was hardest to understand.

Lighting Does Not Explain the Effect

In a second experiment, the team tested blinking behavior again while changing the lighting conditions. Participants completed the listening tasks in dark, medium, and brightly lit rooms, across different SNR levels. The same blink suppression pattern appeared each time.

This consistency showed that the effect was driven by cognitive demands rather than changes in how much light entered the eyes.




Although individuals differed widely in how often they blinked overall -- some participant blinked as little as 10 times per minute, while others may have blinked 70 times per minute -- the overall trend was clear and statistically meaningful.

Blinks as a Tool for Studying Brain Function

Earlier research linking eye behavior to mental effort mostly relied on pupil dilation (pupillometry). In many cases, blinks were treated as unwanted interruptions and removed from the data. In contrast, this study revisited existing pupillometry data and focused directly on blink timing and frequency.

The researchers say the results support using blink rate as a simple and low-effort way to measure cognitive function, both in controlled laboratory experiments and in real-world situations.

"Our study suggests that blinking is associated with losing information, both visual and auditory," says co-author Mickael Deroche, an associate professor in the Department of Psychology.

"That is presumably why we suppress blinking when important information is coming. But to be fully convincing, we need to map out the precise timing and pattern of how visual/auditory information is lost during a blink. This is the logical next step, and a study is being led by postdoctoral fellow Charlotte Bigras. But these findings are far from trivial."

Yue Zhang contributed to this research.
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This "mushroom" is not a fungus, it's a bizarre plant that breaks all the rules | ScienceDaily
In the damp shade beneath moss-covered trees, high in the mountains of Taiwan and mainland Japan or deep within the subtropical forests of Okinawa, an unusual organism quietly grows. At first glance, it resembles a mushroom. In reality, it is a plant called Balanophora, and it possesses some of the smallest flowers and seeds known in the plant world.


						
Unlike most plants, Balanophora contains no chlorophyll and cannot perform photosynthesis. It also lacks a conventional root system to draw water from the soil. Instead, it survives entirely by attaching itself to the roots of specific nearby trees and stealing the nutrients it needs. Some species and populations take this strangeness even further by producing seeds without fertilization -- a reproductive strategy that is extremely rare among plants.

Scientists uncover the secrets of a long-mysterious plant

The genus Balanophora takes its name from its acorn-like appearance (Greek: balanos, acorn; phoros, bearing), and it has puzzled scientists for generations. Because the plant is rare and restricted to highly specific habitats that are increasingly threatened by human activity, most research has been limited to isolated populations.

That is now changing. A collaborative team from the Okinawa Institute of Science and Technology (OIST), Kobe University, and the University of Taipei has conducted a broad survey of Balanophora across its scattered and hard-to-reach habitats. Their findings, published in New Phytologist, trace the plant's evolutionary history, reveal how its internal structures have adapted to a parasitic lifestyle, and open new doors for future research into this unusual lineage.

As study lead author Dr. Petra Svetlikova, Science and Technology Associate at OIST, explains: "Balanophora has lost much of what defines it as a plant, but retained enough to function as a parasite. It's a fascinating example of how something so strange can evolve from an ancestor that looked like a normal plant with leaves and a normal root system."

Shrinking plastids and life without photosynthesis

Parasitic plants often undergo dramatic internal changes as they become more dependent on their hosts. One common trend is the reduction or loss of plastids -- a category of plant organelles that includes chloroplasts, which enable photosynthesis in most plants.




Even though Balanophora relies completely on its host trees for nutrition, the researchers found that it has not eliminated its plastids. Instead, these structures have been pared down to a minimal form. While non-parasitic plants may use up to 200 genes to build and maintain plastids, Balanophora retains only about 20. Despite this extreme reduction, more than 700 proteins are still transported into these plastids from the surrounding cell, indicating that they continue to perform essential functions.

Professor Filip Husnik, head of the Evolution, Cell Biology, and Symbiosis Unit at OIST, notes the surprise of this discovery. "That Balanophora plastids are still involved in the biosynthesis of many compounds unrelated to photosynthesis was surprising. It implies that the order and timing of plastid reduction in non-photosynthetic plants is similar to other eukaryotes, such as the malaria-causing parasite, Plasmodium, which originated from a photosynthetic ancestor."

An ancient lineage shaped by islands

By examining samples from many different populations, the team reconstructed the evolutionary tree of Balanophora and traced how it spread across subtropical regions of East Asia. The plant belongs to the family Balanophoraceae, one of the oldest known groups of fully parasitic plants.

This family began diversifying during the mid-Cretaceous period, roughly 100 million years ago -- making it one of the earliest land plant lineages to abandon photosynthesis entirely.

Reproduction without sex and the risks of survival

Balanophora's reproductive strategies are just as unusual as its appearance and lifestyle. Reproductive methods vary widely between species and even between populations. Some require fertilization to produce seeds, while others can also reproduce without fertilization, a process known as facultative agamospermy. In the most extreme cases, some species are obligately agamospermous, meaning they never reproduce sexually at all.




"Obligate agamospermy is exceedingly rare in the plant kingdom, because it typically carries a lot of negative downsides -- lack of genetic diversity, accumulation of bad mutations, dependence on specific conditions, higher extinction risk, and so on," says Dr. Svetlikova. "Fascinatingly, we found that the obligately agamospermous Balanophora species were all island species -- and we speculate that more Balanophora species may be facultative, or even obligate, agamosperms."

One advantage of this reproductive approach is that a single female plant can establish a new population after reaching an island. This ability allows Balanophora to spread quickly into the narrow ecological niche it prefers: dark, moist forest undergrowth where few other plants can survive.

A fragile future for a highly specialized plant

Despite its ability to clone itself, Balanophora is extremely selective about its hosts. Each population typically parasitizes only a small number of tree species. This specialization makes the plant especially vulnerable to environmental change.

Dr. Svetlikova emphasizes the importance of collaboration and conservation. "We're very thankful to our collaborators Dr. Huei-Jiun Su and Dr. Kenji Suetsugu, experts on parasitic plants, for their help in sampling the studied Balanophora species, and to local authorities in Okinawa that allowed us to study these extraordinary plants," she says. "Most known habitats of Balanophora are protected in Okinawa, but the populations face extinction by logging and unauthorized collection. We hope to learn as much as we can about this fantastic, ancient plant before it's too late. It serves as a reminder of how evolution continues to surprise us."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251219093322.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Ancient oceans were ruled by super predators unlike anything today | ScienceDaily
Around 130 million years ago, the ocean's most dominant hunters held far more power than any marine predator alive today. Recent research from McGill University reveals that during the Cretaceous period, some sea creatures sat at the very top of an extraordinarily complex food chain, surpassing modern standards of ecological dominance.
The findings come from a study published in the Zoological Journal of the Linnean Society, which reconstructs the ancient marine ecosystem preserved in Colombia's Paja Formation. According to the research, this prehistoric sea was filled with enormous marine reptiles, some growing longer than 10 meters, that occupied a previously unseen seventh level of the food chain.
What Trophic Levels Reveal About Food Chains
Trophic levels describe an organism's position in a food chain based on how it gets energy and nutrients. Put simply, they explain who eats whom within an ecosystem. In today's oceans, food chains typically reach only six levels, with animals such as killer whales and great white sharks sitting at the top.
The discovery of predators operating at a seventh trophic level highlights just how rich and complex the Paja ecosystem once was. It also offers rare insight into a deep evolutionary struggle, where predators and prey continuously adapted in response to one another.
Reconstructing a Lost Marine Ecosystem
To uncover this ancient food web, McGill researchers analyzed all known animal fossils from a single geological formation in central Colombia. They built a detailed ecological network using fossil body sizes, feeding traits, and comparisons with modern animals that fill similar roles today.
To ensure accuracy, the team compared their reconstructed network with one of the most comprehensive modern marine ecosystem models available, based on living Caribbean environments. This allowed them to test whether their ancient model behaved realistically when measured against present-day ocean systems.
A Time of Explosive Marine Diversity
The Paja Formation dates back to the Mesozoic era, a time that included the Cretaceous period and was shaped by rising sea levels and warmer global temperatures. These conditions fueled a surge in marine biodiversity. The region supported plesiosaurs, ichthyosaurs, and large numbers of invertebrates, creating one of the most intricate marine food webs ever identified.
"Our study is the first to examine these possible ecological interactions," said Dirley Cortes, lead author and doctoral student in the Department of Biology. "Understanding this complexity helps us trace how ecosystems evolve over time, shedding light on the structures that support today's biodiversity."
"These findings illuminate how marine ecosystems developed through intense trophic competition and shaped the diversity we see today," added Hans Larsson, co-author of the study and Professor in the Department of Biology.
Why This Discovery Matters
The researchers note that this work marks only an early step in understanding ancient marine ecosystems. Very few fossil sites have been studied in enough detail to rebuild entire food webs. As more discoveries emerge, scientists will be able to compare ecosystems across different regions and time periods, deepening knowledge of how ancient oceans influenced the modern seas we depend on today.
"Top of the food chains: an ecological network of the marine Paja Formation biota from the Early Cretaceous of Colombia reveals the highest trophic levels ever estimated" by Dirley Cortes and Hans Larsson, was published in the Zoological Journal of the Linnean Society.
The research was supported by funding from the McGill-STRI Neotropical Environment Option (NEO) and the Natural Sciences and Engineering Research Council of Canada (NSERC).
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Scientists found a hidden clock inside dinosaur eggshells | ScienceDaily
A global team of geologists and paleontologists has developed a new technique that makes it possible to accurately determine the age of fossil-bearing rocks by directly analyzing fossilized dinosaur eggshells. This approach offers a reliable alternative to methods that depend on surrounding materials that may not always be present.


						
The research was led by Dr. Ryan Tucker of Stellenbosch University's Department of Earth Sciences and published in the journal Communications Earth & Environment.

Why Fossil Dating Has Been So Difficult

Many fossil sites around the world lack precise age estimates. When scientists do not know exactly when fossils formed, it becomes much harder to understand how ancient species and ecosystems evolved and interacted over time. Traditional dating methods usually rely on minerals like zircon or apatite found near fossils, but these minerals are not consistently available at every site. Efforts to directly date fossil remains such as bones or teeth have often resulted in unreliable or inconsistent ages.

Instead of focusing on surrounding minerals or skeletal remains, Dr. Tucker and his colleagues turned their attention to fossilized dinosaur eggshells. Using advanced uranium-lead (U-Pb) dating combined with detailed elemental mapping, the team measured extremely small amounts of uranium and lead locked inside the calcite structure of the eggshells. These radioactive elements decay at known rates, effectively acting as a built-in clock that reveals when the eggs were buried.

Testing the Method in Utah and Mongolia

The researchers tested their approach on dinosaur eggshells from Utah (USA) and the Gobi Desert (Mongolia). The results showed that the eggshells could be dated with an accuracy of about five percent when compared with ages determined from volcanic ash layers. In Mongolia, the team achieved a major milestone by establishing the first direct age for a famous site containing dinosaur eggs and nests, placing it at roughly 75 million years old.




"Eggshell calcite is remarkably versatile," says Dr. Tucker. "It gives us a new way to date fossil sites where volcanic layers are missing, a challenge that has limited paleontology for decades."

The project brought together scientists from the North Carolina Museum of Natural Sciences, North Carolina State University, Colorado School of Mines, the Mongolian Academy of Sciences' Institute of Paleontology, and Universidade Federal de Ouro Preto (Brazil). Fieldwork in Mongolia was conducted through the Mongolian Alliance for Dinosaur Exploration (MADEx), with support from the National Geographic Society and the National Science Foundation.

A Powerful Tool for Understanding Dinosaur Evolution

By demonstrating that dinosaur eggshells can reliably record geologic time, the study creates a new connection between biology and Earth science and provides researchers with a valuable tool for dating fossil sites worldwide.

"Direct dating of fossils is a paleontologist's dream," says study co-author Lindsay Zanno, associate research professor at North Carolina State University and head of paleontology at the North Carolina Museum of Natural Sciences. "Armed with this new technique, we can unravel mysteries about dinosaur evolution that used to be insurmountable."

The article "U-Pb calcite age dating of fossil eggshell as an accurate deep time geochronometer" was published in Communications Earth & Environment.
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