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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.


      
        Astronomers ring in the new year with a stunning galaxy collision
        The Champagne Cluster is a rare and beautiful example of two galaxy clusters smashing together. Its festive name comes from both its New Year's Eve discovery and its bubbly appearance in space. Images reveal superheated gas and galaxies spread across a massive collision zone. Astronomers believe this system could help explain how dark matter responds when giant structures collide.

      

      
        The deep ocean has a missing link and scientists finally found it
        Scientists have uncovered why big predators like sharks spend so much time in the ocean's twilight zone. The answer lies with mid-sized fish such as the bigscale pomfret, which live deep during the day and rise at night to feed, linking deep and surface food webs. Using satellite tags, researchers tracked these hard-to-study fish for the first time. Their movements shift with water clarity, potentially altering entire ocean food chains.

      

      
        Critical minerals are hiding in plain sight in U.S. Mines
        Researchers found that U.S. metal mines already contain large amounts of critical minerals that are mostly going unused. Recovering even a small fraction of these byproducts could sharply reduce dependence on imports for materials essential to clean energy and advanced technology. In many cases, the value of these recovered minerals could exceed the value of the mines' primary products. The findings point to a surprisingly simple way to boost domestic supply without opening new mines.

      

      
        Time runs faster on Mars and scientists just proved it
        Thanks to Einstein's relativity, time flows differently on Mars than on Earth. NIST scientists have now nailed down the difference, showing that Mars clocks tick slightly faster--and fluctuate over the Martian year. These microsecond shifts could play a big role in future Mars navigation, communications, and even a solar-system-wide internet. It's a small time gap with big consequences for space exploration.

      

      
        Most distant supernova: James Webb sees a star explode at cosmic dawn
        Scientists have detected the most distant supernova ever seen, exploding when the universe was less than a billion years old. The event was first signaled by a gamma-ray burst and later confirmed using the James Webb Space Telescope, which was able to isolate the blast from its faint host galaxy. Surprisingly, the explosion closely resembles supernovae linked to gamma-ray bursts in the modern universe.

      

      
        Mini brains reveal clear brain signals of schizophrenia and bipolar disorder
        Tiny lab-grown brains are offering an unprecedented look at how schizophrenia and bipolar disorder disrupt neural activity. Researchers found distinct electrical firing patterns that could identify these conditions with high accuracy. The discovery opens the door to more precise diagnoses and personalized drug testing. Instead of guessing medications, doctors may one day see what works before treating the patient.

      

      
        Fusion reactors may create dark matter particles
        Researchers say fusion reactors might do more than generate clean energy--they could also create particles linked to dark matter. A new theoretical study shows how neutrons inside future fusion reactors could spark rare reactions that produce axions, particles long suspected to exist but never observed. The work revisits an idea teased years ago on The Big Bang Theory, where fictional physicists couldn't solve the puzzle. This time, real scientists think they've found a way.

      

      
        Why your vitamin D supplements might not be working
        A randomized trial from Vanderbilt-Ingram Cancer Center reveals that magnesium may be the missing key to keeping vitamin D levels in balance. The study found that magnesium raised vitamin D in people who were deficient while dialing it down in those with overly high levels--suggesting a powerful regulating effect. This could help explain why vitamin D supplements don't work the same way for everyone and why past studies linking vitamin D to cancer and heart disease have produced mixed results.

      

      
        Scientists found a dangerous feedback loop accelerating Arctic warming
        The Arctic is changing rapidly, and scientists have uncovered a powerful mix of natural and human-driven processes fueling that change. Cracks in sea ice release heat and pollutants that form clouds and speed up melting, while emissions from nearby oil fields alter the chemistry of the air. These interactions trigger feedback loops that let in more sunlight, generate smog, and push warming even further. Together, they paint a troubling picture of how fragile the Arctic system has become.

      

      
        A missing protein may be aging your immune system
        As we age, our immune system quietly loses its edge, and scientists have uncovered a surprising reason why. A protein called platelet factor 4 naturally declines over time, allowing blood stem cells to multiply too freely and drift toward unhealthy, mutation-prone behavior linked to cancer, inflammation, and heart disease. Researchers found that restoring this protein in older mice -- and even in human stem cells in the lab -- made aging blood and immune cells behave strikingly younger again.

      

      
        Losing weight in midlife may have a hidden brain cost
        Weight loss restored healthy metabolism in both young and mid-aged mice, but the brain told a different story. In mid-aged animals, slimming down actually worsened inflammation in a brain region tied to appetite and energy balance. While this inflammation eventually subsided, brain inflammation has been linked to cognitive decline and neurodegenerative disease. The results suggest that weight loss in midlife may not be as straightforward as once thought.

      

      
        Scientists stunned by a massive hydrothermal field off Greece
        Scientists have uncovered an extensive underwater vent system near Milos, Greece, hidden along active fault lines beneath the seafloor. These geological fractures act as pathways for hot, gas-rich fluids to escape, forming clusters of vents with striking visual diversity. The discovery surprised researchers, who observed boiling fluids and vibrant microbial mats during deep-sea dives. Milos now stands out as one of the Mediterranean's most important sites for studying Earth's dynamic interior.

      

      
        Even one drink a day may raise mouth cancer risk
        New research suggests that even light alcohol use may carry serious risks. A large study in India found that drinking just one standard drink a day is linked to a roughly 50% higher risk of mouth cancer, with the greatest danger tied to locally brewed alcohol. When alcohol use overlaps with chewing tobacco, the effect becomes especially severe, potentially explaining nearly two-thirds of all cases nationwide.

      

      
        Zombie worms are missing and scientists are alarmed
        When researchers lowered whale bones into the deep ocean, they expected zombie worms to quickly move in. Instead, after 10 years, none appeared -- an unsettling result tied to low-oxygen waters in the region. These worms play a key role in breaking down whale remains and supporting deep-sea life. Their absence hints that climate-driven oxygen loss could unravel entire whale-fall ecosystems.

      

      
        A rare cancer-fighting plant compound has finally been decoded
        UBC Okanagan researchers have uncovered how plants create mitraphylline, a rare natural compound linked to anti-cancer effects. By identifying two key enzymes that shape and twist molecules into their final form, the team solved a puzzle that had stumped scientists for years. The discovery could make it far easier to produce mitraphylline and related compounds sustainably. It also highlights plants as master chemists with untapped medical potential.

      

      
        Large Hadron Collider finally explains how fragile matter forms
        In collisions at CERN's Large Hadron Collider, hotter than the Sun's core by a staggering margin, scientists have finally solved a long-standing mystery: how delicate particles like deuterons and their antimatter twins can exist at all. Instead of forming in the initial chaos, these fragile nuclei are born later, when the fireball cools, from the decay of ultra-short-lived, high-energy particles.

      

      
        Hidden heat beneath Greenland could change sea level forecasts
        Scientists have built the most detailed 3D models yet of temperatures deep beneath Greenland. The results reveal uneven heat hidden below the ice, shaped by Greenland's ancient path over a volcanic hotspot. This underground warmth affects how the ice sheet moves and melts today. Understanding it could sharpen predictions of future sea level rise.

      

      
        A massive scientific review put alternative autism therapies to the test
        A major new review has put hundreds of alternative autism treatments under the microscope--and most didn't hold up. Scientists analyzed decades of research and found little reliable evidence that popular approaches like probiotics, acupuncture, or music therapy truly work. Alarmingly, safety was often ignored, with many treatments never properly evaluated for side effects. The researchers stress that looking at the full body of evidence matters far more than trusting a single hopeful study.

      

      
        MIT scientists find a way to rejuvenate the immune system as we age
        As the immune system weakens with age, scientists have found a way to restore some of its lost strength. By delivering mRNA to the liver, they created a temporary source of immune-boosting signals that normally come from the thymus. Older mice treated this way produced more effective T cells and responded far better to vaccines and cancer treatments. The strategy could one day help extend healthy years of life.

      

      
        Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation
        Stanford scientists have uncovered how mRNA COVID-19 vaccines can very rarely trigger heart inflammation in young men -- and how that risk might be reduced. They found that the vaccines can spark a two-step immune reaction that floods the body with inflammatory signals, drawing aggressive immune cells into the heart and causing temporary injury.

      

      
        Physicists close in on the elusive sterile neutrino
        Neutrinos may be nearly invisible, but they play a starring role in the Universe. Long-standing anomalies had hinted at a mysterious fourth "sterile" neutrino, potentially rewriting the laws of physics. Using exquisitely precise measurements of tritium decay, the KATRIN experiment found no evidence for such a particle, sharply contradicting earlier claims. With more data and upgrades ahead, the hunt is far from over.

      

      
        New images reveal what really happens when stars explode
        New high-resolution images show that novae are anything but simple stellar fireworks. One exploded with multiple gas streams colliding almost immediately, while another shockingly delayed its eruption for more than 50 days before unleashing a powerful blast. These complex outflows create shock waves that produce intense gamma rays, confirming long-standing theories with direct visual evidence. The findings reveal novae as evolving, multi-stage events rather than single, instant explosions.

      

      
        Earth's worst extinction was followed by a shockingly fast ocean comeback
        A spectacular fossil trove on the Arctic island of Spitsbergen shows that marine life made a stunning comeback after Earth's greatest extinction. Tens of thousands of fossils reveal fully aquatic reptiles and complex food chains thriving just three million years later. Some predators grew over five meters long, challenging the idea of a slow, step-by-step recovery. The find rewrites the early history of ocean ecosystems.

      

      
        Cancer cells depend on a dangerous DNA repair trick
        Researchers have discovered how cells activate a last-resort DNA repair system when severe damage strikes. When genetic tangles overwhelm normal repair pathways, cells flip on a fast but error-prone emergency fix that helps them survive. Some cancer cells rely heavily on this backup system, even though it makes their DNA more unstable. Blocking this process could expose a powerful new way to target tumors.

      

      
        Ancient wolves could only have reached this island by boat
        Scientists have uncovered ancient wolf remains on a small Baltic island where wolves could only have been brought by humans. These animals weren't dogs, but true wolves that ate the same marine food as the people living there and showed signs of isolation and possible care. One even survived with an injured limb that would have made hunting difficult. The findings suggest humans once kept and managed wolves in ways far more complex than previously imagined.

      

      
        Scientists just found the best places to look for ancient life on Mars
        Mars once had sprawling river systems that rivaled major watersheds on Earth, and scientists have now identified the biggest ones for the first time. Researchers mapped 16 massive drainage basins where water likely flowed long enough to support life. Even though these areas cover just 5% of ancient Martian terrain, they account for a huge share of erosion and sediment movement. That makes them some of the most promising places to search for ancient life.

      

      
        NASA's Webb telescope just discovered one of the weirdest planets ever
        A newly discovered exoplanet is rewriting the rules of what planets can be. Orbiting a city-sized neutron star, this Jupiter-mass world has a bizarre carbon-rich atmosphere filled with soot clouds and possibly diamonds at its core. Its extreme gravity stretches it into a lemon shape, and it completes a full orbit in under eight hours. Scientists are stunned -- no known theory explains how such a planet could exist.

      

      
        This hidden flaw has been breaking EV batteries
        A major breakthrough in battery science reveals why promising single-crystal lithium-ion batteries haven't lived up to expectations. Researchers found that these batteries crack due to uneven internal reactions, not the grain-boundary damage seen in older designs. Even more surprising, materials thought to be harmful actually helped the batteries last longer. The discovery opens the door to smarter designs that could dramatically extend battery life and safety.

      

      
        Scientists may have found the best place for humans to land on Mars
        A newly identified region on Mars may hold the key to future human landings. Researchers found evidence of water ice less than a meter beneath the surface, close enough to be harvested for water, oxygen, and fuel. The location strikes a rare balance between sunlight and cold, helping preserve the ice. It could also offer clues about whether Mars once supported life.

      

      
        Nearly 70% of U.S. adults could now be classified as obese
        A major update to how obesity is defined could push U.S. obesity rates to nearly 70%, according to a large new study. The change comes from adding waist and body fat measurements to BMI, capturing people who were previously considered healthy. Many of these newly included individuals face higher risks of diabetes and heart disease. The findings suggest that where fat is stored may be just as important as overall weight.

      

      
        A new superconductor breaks rules physicists thought were fixed
        A shiny gray crystal called platinum-bismuth-two hides an electronic world unlike anything scientists have seen before. Researchers discovered that only the crystal's outer surfaces become superconducting--allowing electrons to flow with zero resistance--while the interior remains ordinary metal. Even stranger, the electrons on the surface pair up in a highly unusual pattern that breaks all known rules of superconductivity.

      

      
        This 100-year-old teaching method is beating modern preschools
        A first-of-its-kind national trial shows that public Montessori preschool students enter kindergarten with stronger reading, memory, and executive function skills than their peers. These gains don't fade -- they grow over time, bucking a long-standing trend in early education research. Even better, Montessori programs cost about $13,000 less per child than traditional preschool. The results suggest a powerful, affordable model hiding in plain sight.

      

      
        Eating more vitamin C can physically change your skin
        Vitamin C doesn't just belong in skincare products--it works even better when you eat it. Scientists discovered that vitamin C from food travels through the bloodstream into every layer of the skin, boosting collagen and skin renewal. People who ate two vitamin C-packed kiwifruit daily showed thicker, healthier skin. The findings suggest glowing skin really does start from within.

      

      
        This tiny chip could change the future of quantum computing
        A new microchip-sized device could dramatically accelerate the future of quantum computing. It controls laser frequencies with extreme precision while using far less power than today's bulky systems. Crucially, it's made with standard chip manufacturing, meaning it can be mass-produced instead of custom-built. This opens the door to quantum machines far larger and more powerful than anything possible today.

      

      
        Something fundamental about black holes may be changing
        New observations reveal that the relationship between ultraviolet and X-ray light in quasars has changed over billions of years. This unexpected shift suggests the structure around supermassive black holes may evolve with time, challenging a decades-old assumption.

      

      
        This strange magnetism could power tomorrow's AI
        Scientists in Japan have confirmed that ultra-thin films of ruthenium dioxide belong to a newly recognized and powerful class of magnetic materials called altermagnets. These materials combine the best of two magnetic worlds: they're stable against interference yet still allow fast, electrical readout--an ideal mix for future memory technology.

      

      
        Scientists replayed evolution and found a surprise
        Environmental change doesn't affect evolution in a single, predictable way. In large-scale computer simulations, scientists discovered that some fluctuating conditions help populations evolve higher fitness, while others slow or even derail progress. Two populations facing different kinds of change can end up on completely different evolutionary paths. The findings challenge the idea that one population's response can represent a whole species.

      

      
        Mars dust storms are crackling with electricity
        Mars isn't just dusty--it crackles with electricity. Scientists discovered that dust devils can generate tiny electric sparks, captured for the first time by Perseverance's microphone. These static discharges may rapidly destroy chemicals like methane and reshape how Mars' atmosphere works. The sparks could even affect climate patterns and pose risks to future missions.

      

      
        MIT just made aluminum 5x stronger with 3D printing
        MIT researchers have designed a printable aluminum alloy that's five times stronger than cast aluminum and holds up at extreme temperatures. Machine learning helped them zero in on the ideal recipe in a fraction of the time traditional methods would take. When 3D printed, the alloy forms a tightly packed internal structure that gives it exceptional strength. The material could eventually replace heavier, costlier metals in jet engines, cars, and data centers.

      

      
        The brain has a hidden language and scientists just found it
        Researchers have created a protein that can detect the faint chemical signals neurons receive from other brain cells. By tracking glutamate in real time, scientists can finally see how neurons process incoming information before sending signals onward. This reveals a missing layer of brain communication that has been invisible until now. The discovery could reshape how scientists study learning, memory, and brain disease.

      

      
        ADHD drugs don't work the way we thought
        ADHD stimulants appear to work less by sharpening focus and more by waking up the brain. Brain scans revealed that these medications activate reward and alertness systems, helping children stay interested in tasks they would normally avoid. The drugs even reversed brain patterns linked to sleep deprivation. Researchers say this could complicate ADHD diagnoses if poor sleep is the real underlying problem.

      

      
        A gold catalyst just broke a decade old green chemistry record
        A new catalyst design could transform how acetaldehyde is made from renewable bioethanol. Researchers found that a carefully balanced mix of gold, manganese, and copper creates a powerful synergy that boosts efficiency while lowering operating temperatures. Their best catalyst achieved a 95% yield at just 225degC and stayed stable for hours. The discovery points to a cleaner, more sustainable path for producing key industrial chemicals.

      

      
        This common food ingredient may shape a child's health for life
        Scientists discovered that common food emulsifiers consumed by mother mice altered their offspring's gut microbiome from the very first weeks of life. These changes interfered with normal immune system training, leading to long-term inflammation. As adults, the offspring were more vulnerable to gut disorders and obesity. The findings suggest that food additives may have hidden, lasting effects beyond those who consume them directly.

      

      
        A strange star near a black hole is defying expectations
        Astronomers have decoded the hidden past of a distant red giant star by listening to tiny vibrations in its light, revealing clues of a dramatic cosmic history. The star, which quietly orbits a dormant black hole, appears to be spinning far faster than it should--and its internal "starquakes" suggest it may have once collided and merged with another star. Even more puzzling, its chemical makeup makes it look ancient, while its internal structure reveals it's relatively young.

      

      
        How Earth endured a planet-wide inferno: The secret water vault under our feet
        When Earth was a molten inferno, water may have been locked safely underground rather than lost to space. Researchers discovered that bridgmanite deep in the mantle can store far more water at high temperatures than previously believed. During Earth's cooling, this hidden reservoir could have held water volumes comparable to today's oceans. Over time, that buried water helped drive geology and rebuild the planet's surface environment.

      

      
        Back from the dead: "Extinct" fish rediscovered in a remote Bolivian pond after 20 years
        A tiny fish long feared lost has resurfaced in Bolivia, offering a rare conservation success story amid widespread habitat destruction. Moema claudiae, a seasonal killifish unseen for more than 20 years, was rediscovered in a small temporary pond hidden within a fragment of forest surrounded by farmland. The find allowed scientists to photograph the species alive for the first time and uncover new details about its behavior and ecology.

      

      
        MIT study shows high-fat diets give liver cancer a dangerous head start
        A high-fat diet does more than overload the liver with fat. New research from MIT shows that prolonged exposure to fatty foods can push liver cells into a survival mode that quietly raises the risk of cancer. Faced with ongoing metabolic stress, these cells abandon their normal roles and revert to a more primitive state that helps them endure harsh conditions. Over time, that shift leaves the liver less functional and far more vulnerable to tumor formation, helping explain why fatty liver disease...

      

      
        Why some people keep making the same bad decisions
        Everyday sights and sounds quietly shape the choices people make, often without them realizing it. New research suggests that some individuals become especially influenced by these environmental cues, relying on them heavily when deciding what to do. The problem arises when those cues start leading to worse outcomes. For certain people, the brain struggles to update these learned signals, causing them to repeat risky or harmful decisions over time.

      

      
        Microplastics are leaking invisible chemical clouds into water
        Microplastics in rivers, lakes, and oceans aren't just drifting debris--they're constantly leaking invisible clouds of chemicals into the water. New research shows that sunlight drives this process, causing different plastics to release distinct and evolving mixtures of dissolved organic compounds as they weather. These chemical plumes are surprisingly complex, often richer and more biologically active than natural organic matter, and include additives, broken polymer fragments, and oxidized molec...

      

      
        Where you live may be fueling aggressive breast cancer
        New research shows that women living near Superfund sites are more likely to develop aggressive and metastatic breast cancers. The studies found higher risks for hard-to-treat subtypes like triple-negative breast cancer, especially in areas with greater air pollution. Scientists also discovered molecular tumor changes linked to neighborhood deprivation. The findings point to environmental exposure and social conditions as key factors shaping cancer outcomes.
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Astronomers ring in the new year with a stunning galaxy collision | ScienceDaily
Ring in the New Year with the "Champagne Cluster," a distant galaxy cluster featured in a new image that combines data from NASA's Chandra X-ray Observatory and optical telescopes.


						
Astronomers first identified this galaxy cluster on Dec. 31, 2020. That date, along with the cluster's bubbly look and the superheated gas detected by Chandra (represented in purple), led researchers to give it the memorable nickname "Champagne Cluster" instead of its formal name, RM J130558.9+263048.4.

Two Galaxy Clusters Colliding and Merging

The composite view reveals that the Champagne Cluster is not a single cluster at all. It is two galaxy clusters merging into a larger structure. In most clusters, gas heated to millions of degrees appears roughly circular or slightly oval in images. Here, the hot gas stretches much more from top to bottom, a clue that two clusters are colliding. You can also see two concentrations of galaxies, one above the center and one below it, marking the two groups involved in the merger. (The image has been rotated clockwise by 90 degrees so that North points to the right.)

Hot Gas and Dark Matter Dominate the Mass

In this forming cluster, the mass of the hot gas exceeds the combined mass of all the hundred-plus galaxies. Beyond that, the clusters hold even larger quantities of dark matter, the invisible material believed to be spread throughout the universe.

Alongside the Chandra X-ray observations, the image includes optical measurements from the Legacy Surveys (red, green, and blue). The Legacy Surveys bring together three complementary surveys using multiple telescopes located in Arizona and Chile.




A Rare Merger Like the Bullet Cluster

The Champagne Cluster belongs to an uncommon category of merging galaxy clusters. This group includes the famous Bullet Cluster, where the hot gas in each cluster has slammed together and slowed down, creating a clear offset between the hot gas and the most massive galaxy in each cluster.

To understand what happened, astronomers compared the observations with computer simulations and proposed two scenarios. In one, the two clusters collided more than two billion years ago, moved apart, and were pulled back together by gravity, with a second collision now underway. In the other, the clusters experienced a single collision about 400 million years ago and are currently moving away from each other. Researchers say additional studies of the Champagne Cluster could help show how dark matter behaves during a high-speed collision.

Research Paper and Chandra Mission Operations

A study presenting these findings recently appeared in The Astrophysical Journal. The paper's authors are Faik Bouhrik, Rodrigo Stancioli, and David Wittman from the University of California, Davis.

NASA's Marshall Space Flight Center in Huntsville, Alabama, oversees the Chandra program. The Smithsonian Astrophysical Observatory's Chandra X-ray Center runs science operations from Cambridge, Massachusetts, and manages flight operations from Burlington, Massachusetts.
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The deep ocean has a missing link and scientists finally found it | ScienceDaily
Scientists at the Woods Hole Oceanographic Institution (WHOI) have found that large sharks can spend hours far below the ocean surface in the mesopelagic zone, a layer stretching from 200 to 1,000 meters (650 to 3,300 feet) deep. This dim region contains more living biomass than any other part of the ocean. Yet most of that life is made up of very small organisms, raising a long-standing question about why large predators would linger there for so long.


						
New research published in Marine Ecology Progress Series points to the importance of mid-sized predators, including the bigscale pomfret, in connecting deep and shallow ocean ecosystems. These fish appear to serve as a crucial link between the surface and the depths. Until recently, scientists lacked detailed information about how bigscale pomfret and similar species move through the ocean, limiting understanding of their ecological role.

To close that gap, researchers turned to satellite-based tracking tags. This technology allowed them to follow the movements of bigscale pomfret over time, something that had been difficult to achieve with deep-sea fish.

Tracking Life in the Twilight Zone

"The data shows bigscale pomfret are permanent residents of the ocean's twilight zone, and follow the pattern of diel migration. This means they stay deep during the day and come to shallower waters to feed at night," said Martin Arostegui, lead author of the study and a research associate at WHOI.

Tracking enough of these constantly moving fish posed a challenge. "Since these species spend a majority of their life on the move and in hard-to-reach places, it wouldn't have been possible for us to tag enough of them during a few days at sea. Thus, we collaborated with a commercial longline fisher, Captain Danny Mears, who did that work as part of our research team."

Collaboration With Commercial Fishers

Mears and his crew were eager to participate in the project. "Bigscale pomfret are so different from the tunas and swordfish we usually catch that we are fascinated by them whenever they show up in our gear," Mears said. "My crew and I were excited for the opportunity to help with the satellite tagging for this study. It's been very rewarding to see the data."




The study also sheds light on how environmental conditions influence bigscale pomfret behavior. When the fish traveled from the Slope Sea into the clearer waters of the Sargasso Sea, researchers observed noticeable changes in their migration patterns. This suggests that water clarity affects how deep these fish swim, which can alter the prey they hunt and their exposure to predators like large sharks.

Why Mid-Sized Fish Matter More Than We Thought

"We always talk about the mesopelagic layer like it's this giant buffet for big predators -- but we've been skipping over the species in the middle," said WHOI biologist Camrin Braun, the study's senior author and principal investigator of WHOI's Marine Predators Group. "These mesopelagic fish are doing the hard work of connecting the deep ocean to the surface food web. If we don't understand them, we're basically trying to solve a puzzle with the middle pieces missing."

Together, the findings highlight how overlooked species in the ocean's twilight zone play an outsized role in shaping marine food webs and the behavior of some of the ocean's largest predators.
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Critical minerals are hiding in plain sight in U.S. Mines | ScienceDaily
The United States may already be producing most of the critical minerals it needs, but much of that material is currently going unused. A new statistical study led by Elizabeth Holley and her research team shows that valuable minerals could be recovered as byproducts from active U.S. metal mines, sharply reducing the nation's reliance on foreign imports.


						
Critical mineral byproducts are elements that occur naturally alongside metals like copper, gold, zinc, or nickel. These secondary minerals are not the main target of mining operations, so they are often separated out and discarded during processing. According to the researchers, recovering even small amounts of these overlooked materials could have a major impact on U.S. supply chains.

The researchers found that if 90 percent of these byproducts were recovered, they "could meet nearly all U.S. critical mineral needs; one percent recovery would substantially reduce import reliance for most elements evaluated." This means that even modest improvements in recovery technology could significantly reduce dependence on overseas sources.

What Are Critical Minerals and Why They Matter

Critical minerals are materials that are essential to the economy and national security but face supply risks due to limited domestic production or geopolitical instability. In the United States, this category includes minerals such as cobalt, nickel, manganese, lithium, tellurium, germanium, and many others.

These elements play key roles in modern technology. They are used in rechargeable batteries for electric vehicles, magnets for wind turbines, semiconductors for electronics, and solar panels for renewable energy. Some are also vital for defense systems, medical devices, and communications equipment.

Demand for these materials is growing rapidly as clean energy technologies expand. At the same time, many critical minerals are currently imported from regions affected by political tension or trade uncertainty. Developing entirely new mines can take decades, making alternative domestic sources especially attractive.




How Researchers Measured Untapped Mineral Potential

To estimate how much of these minerals could be recovered inside the United States, Holley and her colleagues combined two large datasets. One database tracked the main commodities produced at federally permitted U.S. metal mines. The other included detailed geochemical measurements showing the concentrations of 70 critical minerals found in ore samples across the country.

By pairing production data with mineral chemistry data, the team was able to estimate how much of each critical mineral is already being mined and processed, but not recovered. Instead, these materials end up in mine waste, also known as tailings, which must be stored and monitored to prevent environmental harm.

In many cases, the study found that recovering less than 10 percent of these byproducts would generate a higher total dollar value than the primary metals currently being sold by U.S. mines. This suggests that what is treated as waste today could become a major economic resource.

Economic, Strategic, and Environmental Benefits

The potential benefits of recovering critical mineral byproducts extend beyond economics. Reducing import dependence would strengthen supply security for industries tied to energy, technology, and defense. It could also help protect the U.S. from supply disruptions caused by international conflicts or trade restrictions.

There are environmental advantages as well. Recovering valuable minerals instead of discarding them would reduce the volume and long term impact of mine waste. It could also create new opportunities to reuse processed materials in construction and other applications.

Despite the promise, challenges remain. Recovering small amounts of minerals from complex ore mixtures requires advanced technology, additional processing steps, and supportive policies. As Holley has explained, the difficulty lies in making recovery practical and cost effective at scale.

Still, the findings point to a largely untapped opportunity. Active U.S. mines are already handling the materials needed for batteries, clean energy systems, and high tech manufacturing. With targeted investment, research, and policy incentives, these hidden byproducts could become a powerful domestic resource rather than a discarded one.
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Time runs faster on Mars and scientists just proved it | ScienceDaily
On Earth, finding the exact time is effortless. Our planet relies on a sophisticated global system that combines atomic clocks, GPS satellites, and ultra-fast communication networks to keep everything in sync.


						
That precision does not extend naturally beyond Earth. Albert Einstein showed that time does not move at the same pace everywhere in the universe. The rate at which a clock ticks depends on gravity, meaning clocks run slightly slower in stronger gravity and faster in weaker gravity. Even coordinating time across Earth is complex. Extending that coordination across the solar system is far more challenging. For future explorers hoping to live and work on Mars, one fundamental question must be answered first: What time is it on Mars?

Scientists Calculate Mars Time for the First Time

Physicists at the National Institute of Standards and Technology (NIST) have now produced a precise answer. Their calculations show that, on average, clocks on Mars tick 477 microseconds (millionths of a second) faster per day than clocks on Earth. That difference is not constant. Because of Mars' stretched orbit and gravitational influences from other bodies, the time difference can vary by as much as 226 microseconds per day throughout the Martian year.

The research was recently published in The Astronomical Journal and builds on a 2024 study in which NIST scientists outlined a framework for highly precise timekeeping on the Moon.

Understanding how time passes on Mars is essential for future missions, said NIST physicist Bijunath Patla. As NASA prepares for more advanced Mars exploration, accurate timing will be critical for navigation, communication, and coordination across planetary distances.

"The time is just right for the Moon and Mars," Patla said. "This is the closest we have been to realizing the science fiction vision of expanding across the solar system."

Mars Time Zone




Mars operates on a different schedule than Earth in more ways than one. A single Martian day lasts about 40 minutes longer than an Earth day, and a Martian year stretches across 687 Earth days compared with 365 days on Earth. Beyond those obvious differences, scientists needed to determine whether each second on Mars passes at the same rate as it does on Earth.

An atomic clock placed on the surface of Mars would function normally. The clock itself would tick just as it does on Earth. The problem appears when that Mars clock is compared with one on Earth. Over time, the two clocks drift apart. The task for scientists was to determine exactly how large that offset becomes, similar to defining a planetary time zone.

That calculation proved more complicated than expected. According to Einstein's theory of relativity, gravity alters the flow of time. Clocks slow down in stronger gravity and speed up where gravity is weaker. A planet's motion through space also affects how time passes, with orbital speed contributing additional changes.

Gravity, Orbits, and Relativity

To make the calculations possible, NIST researchers selected a specific reference point on the Martian surface, comparable to sea level at Earth's equator. Using data gathered from years of Mars missions, Patla and fellow NIST physicist Neil Ashby estimated surface gravity on Mars, which is about five times weaker than Earth's.

Gravity from Mars alone was not enough to explain the full picture. The solar system is a dynamic environment filled with massive objects that constantly pull on one another. The Sun contains more than 99% of the solar system's total mass, and its gravitational influence dominates planetary motion.




Mars' location in the solar system -- its distance from the Sun, its neighbors like Earth, the Moon, Jupiter and Saturn -- forces it into a more elongated and eccentric orbit. By contrast, Earth and the Moon follow relatively stable paths. As a result, time on the Moon consistently runs 56 microseconds faster per day than time on Earth.

"But for Mars, that's not the case. Its distance from the Sun and its eccentric orbit make the variations in time larger. A three-body problem is extremely complicated. Now we're dealing with four: the Sun, Earth, the Moon and Mars," Patla explained. "The heavy lifting was more challenging than I initially thought."

After accounting for Martian surface gravity, orbital motion, and the gravitational effects of the Sun, Earth, and Moon, Patla and Ashby arrived at their final calculation.

Paving the Way for Solar System Internet

A difference of 477 millionths of a second may seem insignificant. It is roughly one thousandth of the time it takes to blink. Yet such tiny differences matter greatly in modern technology. For example, 5G communication systems require timing accuracy within a tenth of a microsecond.

Today, messages sent between Earth and Mars take anywhere from four to 24 minutes to arrive, and sometimes even longer. Patla compared the situation to communication before the telegraph, when handwritten letters crossed oceans by ship and replies took weeks or months to return.

Developing a reliable framework for timekeeping between planets could eventually allow for synchronized communication networks across the solar system.
"The time is just right for the Moon and Mars. This is the closest we have been to realizing the science fiction vision of expanding across the solar system." Bijunath Patla, NIST physicist

"If you get synchronization, it will be almost like real-time communication without any loss of information. You don't have to wait to see what happens," Patla said.

Preparing for Future Mars Exploration

Fully synchronized interplanetary networks remain far in the future, as do permanent human settlements on Mars. Still, studying these timing challenges now helps scientists anticipate the obstacles ahead, Ashby noted.

"It may be decades before the surface of Mars is covered by the tracks of wandering rovers, but it is useful now to study the issues involved in establishing navigation systems on other planets and moons," Ashby said. "Like current global navigation systems like GPS, these systems will depend on accurate clocks, and the effects on clock rates can be analyzed with the help of Einstein's general theory of relativity."

Patla added that the research also advances fundamental science. Measuring how time behaves on distant worlds provides new tests of Einstein's theories of special and general relativity.

"It's good to know for the first time what is happening on Mars timewise. Nobody knew that before. It improves our knowledge of the theory itself, the theory of how clocks tick and relativity," he said. "The passage of time is fundamental to the theory of relativity: how you realize it, how you calculate it, and what influences it. These may seem like simple concepts, but they can be quite complicated to calculate."
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Most distant supernova: James Webb sees a star explode at cosmic dawn | ScienceDaily
Astronomers from around the world have reached a major milestone in studying the early universe. Using the James Webb Space Telescope (JWST), they identified a supernova, the explosive death of a massive star, at a distance never observed before.


						
The blast, known as SN in GRB 250314A, occurred when the universe was only about 730 million years old. This places it firmly within the era of reionisation, a period when the first stars and galaxies were beginning to emerge. The observation offers a rare and direct view of how massive stars ended their lives during this formative stage of cosmic history.

A Gamma Ray Burst Leads the Way

The discovery was first reported in the academic paper 'JWST reveals a supernova following a gamma-ray burst at z [?] 7.3,' (Astronomy & Astrophysics, 704, December 2025). The event initially drew attention after a powerful flash of high energy radiation, called a long duration Gamma Ray Burst (GRB), was detected on March 14, 2025 by the space based multi band astronomical Variable Objects Monitor (SVOM). Astronomers then used the European Southern Observatory's Very Large Telescope (ESO/VLT) to confirm that the source was located at an extreme distance.

JWST Separates the Explosion From Its Host Galaxy

The decisive observations came about 110 days after the burst, when JWST targeted the region using its Near Infrared Camera (NIRCAM). These images allowed researchers to isolate the fading light of the supernova from the much dimmer glow of its host galaxy, a critical step in confirming the nature of the explosion.

Co author and UCD School of Physics astrophysicist Dr. Antonio Martin Carrillo explained the importance of the finding: "The key observation, or smoking gun, that connects the death of massive stars with gamma-ray bursts is the discovery of a supernova emerging at the same sky location. Almost every supernova ever studied has been relatively nearby to us, with just a handful of exceptions to date. When we confirmed the age of this one, we saw a unique opportunity to probe how the Universe was there and what type of stars existed and died back then.




"Using models based on the population of supernovae associated with GRBs in our local universe, we made some predictions of what the emission should be and used it to proposed a new observation with the James Webb Space Telescope. To our surprise, our model worked remarkably well and the observed supernova seems to match really well the death of stars that we see regularly. We were also able to get a glimpse of the galaxy that hosted this dying star."

An Unexpectedly Familiar Explosion

Measurements show that this distant supernova closely matches the brightness and spectral features of SN 1998bw, a well known supernova linked to a gamma ray burst that exploded much closer to Earth. This resemblance suggests that the star behind GRB 250314A was not dramatically different from massive stars that produce similar explosions in the nearby universe.

Despite forming in an environment with very different conditions, including much lower metallicity, the star appears to have died in a familiar way. The data also rule out a far brighter type of explosion, such as a Superluminous Supernova (SLSN).

Rethinking the First Generations of Stars

These results challenge the long held idea that the earliest stars would produce explosions that were distinctly brighter or bluer than those seen today. Instead, the findings point to a surprising consistency in how massive stars end their lives across cosmic time.

While the discovery provides an important reference point for understanding stellar evolution in the early universe, it also raises new questions about why these explosions appear so uniform.

The team plans to conduct another round of JWST observations within the next one to two years. By then, the supernova should have faded by more than two magnitudes, making it easier to fully study the faint host galaxy and confirm exactly how much light came from the supernova itself.
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Mini brains reveal clear brain signals of schizophrenia and bipolar disorder | ScienceDaily
Researchers have grown pea-sized brains in the lab that are offering an unprecedented look at how neurons behave differently in schizophrenia and bipolar disorder. These psychiatric conditions affect millions of people worldwide, yet they remain difficult to diagnose because scientists have not fully understood their underlying molecular causes.


						
The findings could eventually help doctors reduce mistakes in diagnosing and treating mental health disorders. Today, many psychiatric conditions are identified through clinical judgment alone and treated using a trial-and-error approach to medication.

The research was published in the journal APL Bioengineering.

Why Schizophrenia and Bipolar Disorder Are Hard to Diagnose

"Schizophrenia and bipolar disorder are very hard to diagnose because no particular part of the brain goes off. No specific enzymes are going off like in Parkinson's, another neurological disease where doctors can diagnose and treat based on dopamine levels even though it still doesn't have a proper cure," said Annie Kathuria, a Johns Hopkins University biomedical engineer who led the study. "Our hope is that in the future we can not only confirm a patient is schizophrenic or bipolar from brain organoids, but that we can also start testing drugs on the organoids to find out what drug concentrations might help them get to a healthy state."

How Scientists Built and Studied Brain Organoids

To conduct the study, Kathuria's team created brain organoids, which are simplified versions of real human organs. They started by turning blood and skin cells from patients with schizophrenia, bipolar disorder, and from healthy individuals into stem cells capable of developing into brain-like tissue.




The team then used machine learning tools to analyze the electrical activity of cells inside these mini brains. In the human brain, neurons communicate by sending brief electrical signals to one another, and the researchers focused on identifying patterns in that activity linked to healthy and unhealthy brain function.

Electrical Biomarkers Identify Mental Illness

The scientists found that specific features of the organoids' electrical behavior acted as biomarkers for schizophrenia and bipolar disorder. Using these signals alone, they were able to correctly identify which organoids came from affected patients 83% of the time. When the tissue received gentle electrical stimulation designed to bring out more neural activity, accuracy increased to 92%.

The patterns they uncovered were complex and highly specific. Neurons from schizophrenia and bipolar disorder patients showed unusual firing spikes and timing changes across multiple electrical measurements, creating a distinct signature for each condition.

"At least molecularly, we can check what goes wrong when we are making these brains in a dish and distinguish between organoids from a healthy person, a schizophrenia patient, or a bipolar patient based on these electrophysiology signatures," Kathuria said. "We track the electrical signals produced by neurons during development, comparing them to organoids from patients without these mental health disorders."

Using Microchips to Map Brain Activity

To better understand how neurons formed networks, the researchers placed the organoids on microchips equipped with multi-electrode arrays arranged like a grid. This setup allowed them to collect data in a way similar to a tiny electroencephalogram, or EEG, the test doctors use to measure brain activity in patients.




When fully developed, the organoids reached about three millimeters in diameter. They contained multiple types of neural cells normally found in the brain's prefrontal cortex, a region involved in higher-level thinking. The mini brains also produced myelin, a substance that insulates nerve cells and helps electrical signals travel more efficiently.

Toward Personalized Psychiatric Treatments

The study included samples from just 12 patients, but Kathuria believes the results point toward meaningful clinical applications. The organoids could eventually serve as a testing platform for psychiatric medications before those drugs are prescribed to patients.

The team is now collaborating with neurosurgeons, psychiatrists, and neuroscientists at the John Hopkins School of Medicine. They are collecting additional blood samples from psychiatric patients to study how different drug concentrations affect organoid activity. Even with a limited number of samples, the researchers believe they may be able to suggest medication doses that help restore healthier neural patterns.

"That's how most doctors give patients these drugs, with a trial-and-error method that may take six or seven months to finds the right drug," Kathuria said. "Clozapine is the most common drug prescribed for schizophrenia, but about 40% of patients are resistant to it. With our organoids, maybe we won't have to do that trial-and-error period. Maybe we can give them the right drug sooner than that."
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Fusion reactors may create dark matter particles | ScienceDaily
A University of Cincinnati physicist and an international team of collaborators say they have worked out a theoretical method for producing axions inside fusion reactors. It is a challenge that even two well known fictional physicists could not solve on television.


						
On the CBS sitcom "The Big Bang Theory," characters Sheldon Cooper and Leonard Hofstadter wrestled with the same idea across three episodes in Season 5. Despite their efforts, the problem remained unsolved in the show.

Now UC physics professor Jure Zupan and his co authors from the Fermi National Laboratory, MIT and Technion-Israel Institute of Technology report a possible solution. Their findings appear in a new study published in the Journal of High Energy Physics.

Why Axions Matter to Dark Matter Research

Axions are theoretical subatomic particles that scientists believe could help explain dark matter. Dark matter is of intense interest because it plays a major role in shaping the universe after the Big Bang nearly 14 billion years ago.

Although dark matter has never been detected directly, physicists think it makes up most of the matter in the universe. Ordinary matter, including stars, planets and people, accounts for only a small fraction. Dark matter earns its name because it does not absorb or reflect light.

Its presence is inferred through gravity. The unusual motions of galaxies and the stars within them suggest that large amounts of unseen matter are exerting gravitational pull. One leading idea is that dark matter consists of extremely light particles known as axions.




Fusion Reactors as a Source of New Particles

In their study, Zupan and his colleagues examined a fusion reactor design that uses deuterium and tritium fuel inside a lithium lined vessel. This type of reactor is being developed through an international collaboration in southern France.

Such a reactor would generate vast numbers of neutrons along with energy. According to the researchers, those neutrons could also lead to the creation of particles linked to the dark sector.

"Neutrons interact with material in the walls. The resulting nuclear reactions can then create new particles," he said.

Another possible production route occurs as neutrons collide with other particles and slow down. This process releases energy in a phenomenon known as bremsstrahlung, or "braking radiation."

Through these mechanisms, the reactor could theoretically produce axions or axion like particles. Zupan noted that this is where the fictional physicists on television came up short.




The Big Bang Theory Easter Egg Explained

"The Big Bang Theory" aired from 2007 to 2019, won seven Emmys and remains one of the most watched shows on streaming platforms, according to Nielsen.

"The general idea from our paper was discussed in 'The Big Bang Theory' years ago, but Sheldon and Leonard couldn't make it work," Zupan said.

In one episode, a white board displays an equation and diagram that Zupan said represent how axions are produced in the sun. In a later episode, a different equation appears on another board. Under the calculations, drawn in a different marker color, is a clear sad face -- a visual sign of failure.

Zupan explained that the equation compares the chances of detecting axions from a fusion reactor with those coming from the sun -- and the comparison is not encouraging.

"The sun is a huge object producing a lot of power. The chance of having new particles produced from the sun that would stream to Earth is larger than having them produced in fusion reactors using the same processes as in the Sun. However, one can still produce them in reactors using a different set of processes," he said.

The show never explicitly mentions axions or explains the white boards. These details serve as inside jokes for scientists, fitting a series known for weaving concepts like Schrodinger's cat and the Doppler effect into its plots, along with appearances by Nobel Prize winners and "Star Trek" alumni.

"That's why it's fantastic to watch as a scientist," Zupan said. "There are many layers to the jokes."
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Why your vitamin D supplements might not be working | ScienceDaily
Researchers at Vanderbilt-Ingram Cancer Center report that magnesium plays a key role in regulating vitamin D levels in the body. In a randomized clinical trial, magnesium increased vitamin D in people who were deficient, while reducing levels in those who already had high amounts. The findings suggest magnesium helps keep vitamin D within a healthy range.


						
The study, published in The American Journal of Clinical Nutrition, adds clarity to long-standing debates about vitamin D's links to colorectal cancer and other diseases. These questions have gained attention due to mixed results from major studies, including the VITAL trial. The new findings also reinforce earlier research from 2013 by the same team, which found that people with low magnesium intake often had low vitamin D levels as well.

New Evidence of a Regulating Effect

Beyond confirming earlier observations, the trial uncovered an additional insight. Magnesium did not simply raise vitamin D across the board. Instead, it appeared to act as a regulator, lowering vitamin D levels in participants whose levels were already high. This is the first clinical evidence suggesting magnesium may help optimize vitamin D levels rather than just increase them, which could be important for reducing disease risk linked to vitamin D imbalance.

Qi Dai, MD, PhD, Ingram Professor of Cancer Research and lead author of the study, explained that the healthiest vitamin D range appears to fall in the middle of a U-shaped curve. Previous observational studies have linked this middle range to the lowest risk of cardiovascular disease.

Vitamin D Research Remains Mixed

Despite earlier findings, vitamin D did not show a clear link to cardiovascular disease in the recent VITAL trial. Dai and co-author Martha Shrubsole, PhD, a research professor of Medicine in the Division of Epidemiology, are now examining whether magnesium could help explain these inconsistent results. Their work is part of the ongoing Personalized Prevention of Colorectal Cancer Trial.




"There's a lot of information being debated about the relationship between vitamin D and colorectal cancer risk that is based upon observational studies versus clinical trials," Shrubsole said. "The information is mixed thus far."

Why Magnesium May Matter More Than Expected

The researchers turned their attention to magnesium after noticing that vitamin D supplements do not work equally well for everyone. Some people fail to raise their vitamin D levels even when taking high doses.

"Magnesium deficiency shuts down the vitamin D synthesis and metabolism pathway," Dai said.

The study included 250 adults considered at higher risk for colorectal cancer, either due to known risk factors or because they had previously had a precancerous polyp removed. Participants received either magnesium supplements or a placebo, with dosages tailored to their usual dietary intake.

Magnesium Deficiency Is Common in the U.S.

Shrubsole noted that vitamin D insufficiency is widely recognized as a public health concern in the United States, and many patients are advised to take supplements based on blood test results.




"Vitamin D insufficiency is something that has been recognized as a potential health problem on a fairly large scale in the U.S.," Shrubsole said. "A lot of people have received recommendations from their health care providers to take vitamin D supplements to increase their levels based upon their blood tests. In addition to vitamin D, however, magnesium deficiency is an under-recognized issue. Up to 80 percent of people do not consume enough magnesium in a day to meet the recommended dietary allowance (RDA) based on those national estimates."

Food Sources of Magnesium

Shrubsole emphasized that magnesium intake in the study matched RDA guidelines and suggested that diet is the best way to increase magnesium levels. Foods rich in magnesium include dark leafy greens, beans, whole grains, dark chocolate, fatty fish such as salmon, nuts and avocados.

Additional Vanderbilt co-authors on the study include Xiangzhu Zhu, MD, Hui Nian, PhD, Harvey Murff, MD, MPH, Reid Ness, MD, MPH, Douglas Seidner, MD and Chang Yu, PhD.
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Scientists found a dangerous feedback loop accelerating Arctic warming | ScienceDaily
Earth's climate is shifting worldwide, but the fastest changes are happening near the poles. New research from Penn State offers a detailed look at how chemical reactions in the Arctic atmosphere are unfolding, revealing that several distinct processes are interacting at the same time and reshaping the region's climate.


						
Scientists used two specially equipped research aircraft along with ground-based instruments during a two-month field campaign. Their goal was to compare atmospheric chemistry in two Arctic regions, as well as near the largest oil field in North America, with nearby surrounding areas. From this effort, the researchers identified three major findings. Openings in sea ice -- known as leads -- strongly affect atmospheric chemistry and cloud development. Pollution from oil field operations measurably changes the makeup of the regional atmosphere. Together, these factors form a feedback loop that speeds up sea ice loss and intensifies Arctic warming.

The CHACHA Project and Its Broader Goals

The findings were recently published in the Bulletin of the American Meteorological Society and are part of a broader collaboration known as CHemistry in the Arctic: Clouds, Halogens, and Aerosols, or CHACHA. This multi-institutional project, led by five research organizations, focuses on how chemical changes occur when air near the surface rises into the lower atmosphere. These changes drive interactions between water droplets, low clouds, and pollution.

"This field campaign is an unprecedented opportunity to explore chemical changes in the boundary layer -- the atmospheric layer closest to the planet's surface -- and to understand how human influence is altering the climate in this important region," said Jose D. Fuentes, professor of meteorology in the Department of Meteorology and Atmospheric Science and corresponding author of the paper. "The resulting datasets are producing an improved understanding of the interactions between sea-spray aerosols, surface-coupled clouds, oil field emissions and multiphase halogen chemistry in the new Arctic."

To examine chemical activity in the Arctic boundary layer, the research team collected air samples over snow-covered and newly frozen sea ice in the Beaufort and Chukchi Seas. Measurements were also taken over open leads and across the snow-covered tundra of Alaska's North Slope, including areas near the Prudhoe Bay oil and gas fields. The campaign operated out of Utqiagvik, Alaska, from February 21 to April 16, 2022. This period followed the polar sunrise -- a stretch of continuous daylight after months of darkness -- when increased ultraviolet light intensifies chemical reactions at the surface and in the lower atmosphere.

How Sea Ice Cracks Accelerate Warming

The researchers discovered that leads, which can range from just a few feet wide to several miles across, generate strong upward air currents and cloud formation. These plumes lift potentially harmful chemicals, aerosol pollutants, and water vapor hundreds of feet into the air -- all factors that can enhance warming. According to Fuentes, this process increases heat and moisture transfer, accelerates sea ice loss, and promotes the formation of even more leads, reinforcing the cycle.




Another feedback loop was identified along Arctic coastlines, where chemicals in salty snowpacks interact with emissions from oil field operations. During the CHACHA campaign, scientists observed bromine production in these saline snowpacks -- a process unique to polar environments. Bromine rapidly removes ozone from the boundary layer, allowing more sunlight to reach the surface. This additional sunlight warms the snow, releasing even more bromine and strengthening the feedback loop.

Pollution and Smog in a Remote Region

The field campaign also revealed major changes in the boundary layer above the Prudhoe Bay oil fields. Gas plumes from extraction activities reacted in the lower atmosphere, increasing acidity and producing harmful compounds and smog, Fuentes said. Researchers also found that halogens interact with oil field emissions to form free radicals, which later become more stable compounds capable of traveling long distances. These substances can contribute to environmental changes well beyond the oil fields themselves.

Fuentes noted that CHACHA scientists are now studying how these chemical reactions affect the broader Arctic environment. One area of concern is the formation of smog plumes that, despite occurring in a region often viewed as pristine, can reach pollution levels similar to major cities such as Los Angeles. During the campaign, nitrogen dioxide concentrations reached about 60-70 parts per billion, levels commonly associated with urban smog.

Improving Climate Models

The next phase of the research will focus on producing detailed datasets that climate modelers can use to better understand how these localized Arctic processes may influence global climate patterns in the future.

The CHACHA team also included researchers from Stony Brook University, the University at Albany, University of Michigan, and the University of Alaska Fairbanks. Funding for the project was provided by the U.S. National Science Foundation.
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A missing protein may be aging your immune system | ScienceDaily
As people grow older, visible changes like gray hair and weaker muscles are only part of the story. Aging also affects the immune system. One major reason is that the stem cells responsible for producing blood and immune cells can accumulate genetic mutations over time, increasing the risk of cancer and other health problems.


						
Scientists at the University of Illinois Chicago have identified a key biological process behind this shift. Writing in the journal Blood, the researchers report that aging is linked to declining levels of a protein called platelet factor 4. Even more striking, restoring this protein in older blood cells reversed several signs of cellular aging. The findings suggest a potential new target for treating age-related disorders of the blood and immune system.

The Role of Blood Stem Cells in Immune Health

Hematopoietic stem cells, often called blood stem cells, reside in the bone marrow and serve as the foundation of the body's blood and immune systems. These rare cells generate all major types of blood and immune cells needed for oxygen transport and protection against infection.

"Our hematopoietic stem cells are very rare," said UIC's Sandra Pinho, associate professor of pharmacology and regenerative medicine in the College of Medicine. "We call them the Holy Grail of the immune system."

In younger individuals, these stem cells maintain a healthy balance. They produce myeloid cells, which include red blood cells and some immune cells, as well as lymphoid cells, such as T and B cells that play a central role in fighting infections.

Why Aging Stem Cells Lose Balance

As the body ages, blood stem cells begin to favor the production of myeloid cells while generating fewer lymphoid cells. This shift alters immune function and weakens the body's ability to respond to disease.




"That's one of the reasons why, normally, older individuals are not used as donors for bone marrow transplantation, because their stem cells are not as potent," Pinho said.

This imbalance not only affects immunity but also increases vulnerability to age-related diseases.

Platelet Factor 4 and Stem Cell Control

Through studies in mice and human bone marrow samples, the researchers found that platelet factor 4 plays a central role in regulating blood stem cell behavior. In younger people and animals, the protein acts as a signaling molecule that limits how often stem cells divide. This control is especially important for stem cells that produce myeloid cells.

With age, immune cells produce less platelet factor 4. As a result, stem cells divide more frequently and without proper regulation.

"When stem cells start to divide more often than they should, and if their proliferation is not regulated, they can accumulate mutations over time," said Pinho.




In humans, these mutations are linked to chronic inflammation, a higher risk of blood cancers, and even cardiovascular disease.

Reversing Signs of Immune Aging in the Lab

The team discovered that restoring platelet factor 4 could counteract these age-related changes. Older mice received daily blood infusions of the protein for more than a month. After treatment, their blood and immune cells showed behavior and characteristics more typical of much younger animals.

Similar effects were observed in laboratory experiments using human stem cells. When platelet factor 4 was added to aged human cells, the researchers saw a clear improvement in stem cell function.

"It rejuvenated the aging of the blood system," Pinho said.

What This Means for Aging and Disease

While the results are promising, platelet factor 4 alone is not expected to reverse aging throughout the entire body or significantly extend human lifespan.

Though the effect was strong, platelet factor 4 won't be a silver bullet that reverses the aging of all tissues and prolongs the lifespan of elderly human patients alone, Pinho said. However, it could become part of broader strategies aimed at improving age-related conditions.

"It's clear evidence that it's possible to reverse, intrinsically, certain age-associated disorders," Pinho said.

Sen Zhang, a postdoctoral fellow in the Pinho lab, is the study's first author. The research was co-led by Constantinos Chronis from the Department of Biochemistry and Molecular Genetics, who also served as a co-corresponding author. Additional contributors from UIC include Charles Ayemoba, Anna Di Staulo, Kenneth Joves, Chandani Patel, Eva Leung, Maura Bueno, Xiaoping Du and Sang-Ging Ong.
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Losing weight in midlife may have a hidden brain cost | ScienceDaily
Obesity remains one of the most serious health challenges worldwide, and weight loss is often encouraged as a way to lower the risks tied to excess weight. But growing research suggests that the effects of weight loss may change with age. During midlife, losing weight may not always produce the same health benefits seen in younger adults and in some cases, it may also influence brain health.


						
In a new study from Ben-Gurion University of the Negev (BGU), researchers examined how diet-induced obesity and later weight loss affected young adult mice compared with mid-aged mice. In both groups, weight loss successfully restored healthy blood glucose control, showing that key metabolic improvements occur regardless of age. However, the scientists also observed an unexpected difference. In mid-aged mice, weight loss led to increased inflammation in the hypothalamus, a part of the brain involved in regulating appetite, energy use, and other essential functions.

Brain Inflammation Raises New Questions

This increase in brain inflammation was detected at the molecular level and through detailed microscopic imaging of microglia (the brain's immune cells). The inflammatory response lasted for several weeks before gradually declining. While the long-term effects of this response are still unclear and may even play a role in achieving metabolic improvements, the findings raise important concerns. Persistent or poorly regulated inflammation in the brain has been linked to memory problems and neurodegenerative conditions such as Alzheimer's. As a result, the study highlights new questions about how weight loss during midlife may interact with brain health.

Researchers Urge a More Nuanced View of Midlife Weight Loss

"Our findings show that losing weight in midlife is not a simple copy-and-paste of what works in young adulthood," said Alon Zemer, an M.D.-Ph.D. candidate and the first author of this paper. "Weight loss remains essential for restoring metabolic health in obesity, but we need to understand the impact of weight loss on the mid-age brain and ensure brain health is not compromised."

Dr. Alexandra Tsitrina added: "Our study characterizes the body's adaptive response to weight loss through two complementary dimensions -- molecular and structural. This high-end imaging by advanced microscopy and image analysis with advanced computational analysis enable detection of sensitive changes with potential health ramifications."

Next Steps for Protecting Brain Health

The research team stresses the importance of additional studies to better understand why this temporary but concerning brain inflammation occurs during midlife weight loss. Future work could help scientists develop approaches that maintain the metabolic advantages of weight loss while also protecting brain health as people age.

The study, titled, "Weight loss aggravates obesity-induced hypothalamic inflammation in mid-aged mice" was published in GeroScience and supported by an internal grant at BGU (with the Ilse Katz Institute of Nanoscale Science and Technology), and grants from theUS-Israel Binational Science Foundation (Grant no. 2021083) and the Israel Science Foundation (Grant No. 194/24).
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Scientists stunned by a massive hydrothermal field off Greece | ScienceDaily

The surveys revealed previously unknown hydrothermal activity at depths ranging from 100 to 230 meters. As a result, Milos is now recognized as hosting one of the largest shallow to intermediate depth hydrothermal systems in the Mediterranean, significantly reshaping scientists' understanding of vent activity in this region.

Fault Zones Shape Where Vents Appear

Researchers identified three main vent regions known as Aghia Kiriaki, Paleochori-Thiorychia, and Vani. All three are positioned along active fault zones that cut across the Milos shelf. These faults are part of a broader geological structure called the Milos Gulf-Fyriplaka graben, a tectonic depression that has caused sections of the seafloor to sink to depths of up to 230 meters. The close match between the locations of the vents and these fault systems highlights the strong influence of tectonic forces on where hydrothermal fluids are able to reach the seafloor.

A Surprising and Visually Striking Discovery

"We never expected to find such a large field of gas flares off Milos," says Solveig I. Buhring, senior author of the study and scientist at the MARUM -- Center for Marine Environmental Sciences, University of Bremen, who led the expedition M192 during which the vents were discovered. "When we first observed the vents through the ROV cameras, we were stunned by their diversity and beauty -- from shimmering, boiling fluids to thick microbial mats covering the chimneys."

Tectonic Controls Revealed in Vent Patterns

First author Paraskevi Nomikou of the National and Kapodistrian University of Athens explains that the arrangement of the vent clusters closely mirrors the island's underlying fault structure.




"Our data clearly show that the gas flares follow the patterns of the major fault systems around Milos," Nomikou explains. "Different fault zones influence different vent clusters, especially where several faults meet. These tectonic structures strongly control how and where hydrothermal fluids reach the seafloor."

Why Milos Matters for Earth Science

Together, the findings show how ongoing fault movement and long term geological activity have guided the formation and evolution of these vent fields. With this discovery, Milos stands out as one of the most important natural sites in the Mediterranean for exploring how tectonics, volcanism, and hydrothermal processes interact beneath the sea.

The results are also significant for the MARUM-based Cluster of Excellence "The Ocean Floor -- Earth's Uncharted Interface." Building on this work, researchers are planning a follow up expedition to Milos, the Kolumbo submarine volcano near Santorini, and Nisyros. The study reflects close cooperation between Greek and German research institutions, including the National and Kapodistrian University of Athens, MARUM -- University of Bremen, Friedrich-Alexander-Universitat Erlangen-Nurnberg, ICBM -- Institute for Chemistry and Biology of the Marine Environment Oldenburg, and Constructor University Bremen.

Participating institutions: 
    	Department of Geology and Geoenvironment, National and Kapodistrian University of Athens (Greece)
    	School of Science, Physics & Earth Sciences, Constructor University Bremen, Germany
    	Faculty of Geosciences, University of Bremen
    	MARUM -- Center for Marine Environmental Sciences, University of Bremen
    	GeoZentrum Nordbayern, Friedrich-Alexander-University Erlangen-Nuernberg
    	ICBM -- Institute for Chemistry and Biology of the Marine Environment, Carl Von Ossietzky University of Oldenburg
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Even one drink a day may raise mouth cancer risk | ScienceDaily

When alcohol use occurred alongside chewing tobacco, the combined effect was especially severe. Researchers estimate that this pairing may be responsible for 62% of all mouth (buccal mucosa) cancer cases in the country.

Mouth Cancer Rates Continue to Climb in India

Mouth cancer ranks as the second most common cancer in India, with an estimated 143,759 new diagnoses and 79,979 deaths each year. According to the researchers, incidence rates have steadily increased and now sit just below 15 cases per 100,000 Indian men.

The most common form affects the soft pink tissue lining the cheeks and lips (buccal mucosa). Survival outcomes remain poor, with only 43% of patients living five years or longer after diagnosis.

Untangling the Roles of Alcohol and Tobacco

Alcohol use and tobacco consumption frequently occur together, making it difficult to separate their individual effects on mouth cancer risk. This is particularly true in India, where smokeless tobacco use is widespread, the researchers note. They also point out that the health effects of locally brewed alcohol, which is especially common in rural areas, have received little attention until now.




To better understand these risks, the researchers compared 1,803 people diagnosed with buccal mucosa cancer with 1,903 randomly selected individuals without the disease (controls). Participants were recruited from five study centers between 2010 and 2021. Most were between 35 and 54 years old, and nearly 46% of cancer cases occurred among people aged 25 to 45.

Tracking Drinking Habits and Tobacco Use

Participants provided detailed information about how long they had been drinking alcohol, how often they drank, and the types of alcohol they consumed. This included 11 internationally recognized drinks such as beer, whisky, vodka, rum and breezers (flavored alcoholic drinks), along with 30 locally brewed options including apong, bangla, chulli, desi daru, and mahua.

They were also asked about their tobacco use, including duration and type, allowing researchers to examine how alcohol and tobacco interact to influence mouth cancer risk.

Among those with cancer, 781 reported drinking alcohol, while 1,019 said they did not. In the control group, 481 drank alcohol and 1,420 did not.

Higher Exposure Linked to Greater Risk

People with buccal mucosa cancer reported longer tobacco use on average, about 21 years compared with roughly 18 years among the control group. They were also more likely to live in rural areas and to consume larger amounts of alcohol each day, nearly 37 g compared with about 29 g.




Frequent alcohol consumption was strongly associated with increased cancer risk, with locally brewed drinks showing the greatest effect.

Compared with people who did not drink alcohol, those who did had a 68% higher risk of developing buccal mucosa cancer. The risk rose to 72% among individuals who favored internationally recognized drinks and climbed to 87% among those who consumed locally brewed alcohol.

No Safe Threshold Identified

Even very small amounts of alcohol appeared to matter. Drinking less than 2 g of beer per day was still linked to an increased risk of buccal mucosa cancer. Consuming 9 g of alcohol daily, roughly one standard drink, was associated with an approximately 50% higher risk.

Using alcohol and tobacco at the same time produced a dramatic effect. The combined exposure was linked to more than a fourfold increase in risk. Based on their calculations, the researchers estimate that 62% of buccal mucosa cancer cases in India are attributable to the interaction between alcohol and chewing tobacco.

How Alcohol May Increase Vulnerability

Alcohol increased mouth cancer risk regardless of how long a person had used tobacco. The researchers suggest that ethanol may change the fat content of the mouth's inner lining, making it more permeable and more susceptible to carcinogens found in chewing tobacco products.

Overall, the analysis indicates that more than one in ten buccal mucosa cancer cases in India, nearly 11.5%, can be attributed to alcohol consumption. In states with particularly high disease rates, including Meghalaya, Assam, and Madhya Pradesh, that proportion rises to about 14%.

Concerns About Unregulated Local Alcohol

The higher risk associated with locally brewed alcohol may be partly due to contamination with toxic substances such as methanol and acetaldehyde. The researchers note that production of these drinks is largely unregulated.

"The current legal framework for alcohol control in India is complex and involves both central and state laws. Central legislation provides protection of citizens where alcohol is included in the State List under the Seventh Schedule of the Indian Constitution, giving states the power to regulate and control alcohol production, distribution and sale. However, the locally-brewed liquor market is unregulated, with some forms used by participants containing up to 90% alcohol content," they point out.

Implications for Prevention

They conclude: "In summary, our study demonstrates that there is no safe limit of alcohol consumption for [buccal mucosa cancer] risk...Our findings suggest that public health action towards prevention of alcohol and tobacco use could largely eliminate [buccal mucosa cancer] from India."
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Zombie worms are missing and scientists are alarmed | ScienceDaily
In horror films, the most frightening threats are often the ones you cannot see. In the deep ocean, scientists are now facing a similar kind of unease, driven by the unexplained absence of a crucial species.


						
That species is the zombie worm, formally known as "the bone devourer" Osedax. Its disappearance may signal deeper trouble ahead, including species loss and weakening ecosystems linked to long-term climate change.

A Decade-Long Deep-Sea Experiment

Fabio De Leo, a senior staff scientist with Ocean Networks Canada (ONC) and an adjunct assistant professor in the University of Victoria's (UVic) Department of Biology, co-led a long-term experiment off the coast of British Columbia (BC). The study placed humpback whale bones on the deep ocean floor and monitored them for signs of life.

After years of observation, researchers found no trace of zombie worms, despite their well-known role in breaking down whale bones and supporting deep-sea food webs.

How Zombie Worms Feed Without a Digestive System

Osedax worms are unusual creatures. They lack a mouth, anus, and digestive tract, yet they survive by drilling root-like structures into bone. Inside those roots live microbes that extract nutrients, which then nourish the worms.




Because of this unique role, Osedax is considered an ecosystem engineer, helping recycle nutrients and create conditions that allow other species to move in.

Why the Absence Is So Concerning

Over 10 years of high-resolution underwater camera footage from ONC failed to capture any zombie worm colonization. In scientific terms, this kind of outcome is known as a negative result, and it can be just as meaningful as a positive finding.

"This was a remarkable observation in such a long-term experiment," De Leo says. He adds that the absence may be linked to unusually low oxygen levels at the study site.

Low Oxygen Zones and Whale Falls

The whale bones were placed in Barkley Canyon, nearly a thousand meters below the Pacific Ocean surface. This area lies within a naturally low-oxygen zone and along migration routes used by humpback and grey whales.




When whales die from natural causes or human-related threats such as ship strikes or fishing net entanglements, their bodies sink to the seafloor. These events create "whale falls," which normally provide a sudden surge of food that supports rich biodiversity. The lack of zombie worms at Barkley Canyon suggests that expanding oxygen minimum zones (OMZs) in the northeast Pacific and beyond may be disrupting these ecosystems.

Early data from ongoing whale fall research near another ONC NEPTUNE site points to similar concerns elsewhere.

Why Bone Devourers Matter

If the "bone devourer" is missing, the chain reaction can affect many other species. Without Osedax to break down bones and kick-start the ecological succession process, fewer organisms may be able to access nutrients stored in whale remains.

Whale falls are "almost like islands," De Leo explains, calling them "a stepping-stone habitat for this and many other whale bone specialist species."

The Risk of Species Loss

"Basically, we're talking about potential species loss," De Leo says. Adult Osedax typically live on whale bones, while their larvae travel long distances through ocean currents to colonize new whale falls, sometimes hundreds of kilometers away.

If those habitats disappear or stop functioning properly, connectivity between whale fall sites breaks down. Over time, this could lead to declining diversity of Osedax species across entire regions.

Other Deep-Sea Engineers Also Affected

The research team also found signs that another ecosystem engineer may be under stress. Wood-boring Xylophaga bivalves were present on submerged wood samples at Barkley Canyon, but their colonization rates were far lower than in oxygen-rich waters.

Slower colonization could delay carbon decomposition and reduce habitat formation for the many species that typically live inside Xylophaga burrows.

"It looks like the OMZ expansion, which is a consequence of ocean warming, will be bad news for these amazing whale-fall and wood-fall ecosystems along the northeast Pacific Margin," said Craig Smith, professor emeritus from University of Hawaii, who co-led the experiment.

How Scientists Collected the Data

De Leo and Smith relied on ONC's NEPTUNE observatory Barkley Canyon Mid-East video camera platform, along with oceanographic sensors and high-definition video collected by remotely operated vehicles.

Additional findings are expected in the coming months from a whale fall currently being monitored at NEPTUNE's Clayoquot Slope site.

The research was supported by the Canada Foundation for Innovation Major Science Initiative Fund and partly by a US National Science Foundation grant. It also aligns with United Nations Sustainable Development Goal 14, life below water.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251227082736.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A rare cancer-fighting plant compound has finally been decoded | ScienceDaily
Researchers at UBC Okanagan have figured out how plants make mitraphylline, a rare natural substance that has drawn attention for its potential role in fighting cancer.


						
Mitraphylline is part of a small and unusual family of plant chemicals known as spirooxindole alkaloids. These molecules are defined by their distinctive twisted ring shapes, which help give them powerful biological effects, including anti tumor and anti inflammatory activity.

For years, scientists knew these compounds were valuable but had little understanding of how plants actually assembled them at the molecular level.

Solving a Long Standing Biological Mystery

Progress came in 2023, when a research team led by Dr. Thu-Thuy Dang in UBC Okanagan's Irving K. Barber Faculty of Science identified the first known plant enzyme capable of creating the signature spiro shape found in these molecules.

Building on that discovery, doctoral student Tuan-Anh Nguyen led new work to pinpoint two key enzymes involved in making mitraphylline -- one enzyme that arranges the molecule into the correct three dimensional structure, and another that twists it into its final form.

"This is similar to finding the missing links in an assembly line," says Dr. Dang, UBC Okanagan Principal's Research Chair in Natural Products Biotechnology. "It answers a long-standing question about how nature builds these complex molecules and gives us a new way to replicate that process."

Why Mitraphylline Is So Hard to Obtain




Many promising natural compounds exist only in extremely small quantities within plants, making them expensive or impractical to produce using traditional laboratory methods. Mitraphylline is a prime example. It appears only in trace amounts in tropical trees such as Mitragyna (kratom) and Uncaria (cat's claw), both of which belong to the coffee plant family.

By identifying the enzymes that construct and shape mitraphylline, scientists now have a clear guide for recreating this process in more sustainable and scalable ways.

Toward Greener Drug Production

"With this discovery, we have a green chemistry approach to accessing compounds with enormous pharmaceutical value," says Nguyen. "This is a result of UBC Okanagan's research environment, where students and faculty work closely to solve problems with global reach."

Nguyen also emphasized the personal impact of the work. "Being part of the team that uncovered the enzymes behind spirooxindole compounds has been amazing," he says. "UBC Okanagan's mentorship and support made this possible, and I'm excited to keep growing as a researcher here in Canada."

Global Collaboration and Future Directions

The project was a collaborative effort between Dr. Dang's laboratory at UBC Okanagan and Dr. Satya Nadakuduti's team at the University of Florida.




Funding came from several sources, including Canada's Natural Sciences and Engineering Research Council's Alliance International Collaboration program, the Canada Foundation for Innovation, and the Michael Smith Health Research BC Scholar Program. Additional support was provided by the United States Department of Agriculture's National Institute of Food and Agriculture.

"We are proud of this discovery coming from UBC Okanagan. Plants are fantastic natural chemists," Dr. Dang says. "Our next steps will focus on adapting their molecular tools to create a wider range of therapeutic compounds."
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Large Hadron Collider finally explains how fragile matter forms | ScienceDaily
Scientists have now clarified how deuterons form under extreme conditions. Protons and neutrons needed to create these tiny nuclei are released when extremely short-lived, high-energy particle states decay (so-called resonances). Once freed, the particles can join together to form deuterons. The same process also explains how antideuterons, made of antimatter, are produced. These results were reported in the journal Nature.


						
At CERN's Large Hadron Collider (LHC), proton collisions generate temperatures more than 100,000 times hotter than the Sun's core. For years, researchers did not understand how delicate particles like deuterons and antideuterons could exist in such intense heat. A deuteron contains just one proton and one neutron, held together by a relatively weak force. Under these conditions, such a light atomic nucleus should break apart almost instantly. Even so, experiments kept detecting them. Researchers have now shown that roughly 90 percent of the observed (anti)deuterons form through this newly identified process, rather than surviving the initial blast.

New Insight Into the Strong Interaction

TUM particle physicist Prof. Laura Fabbietti, a member of the ORIGINS Cluster of Excellence and SFB1258, highlights the importance of the discovery. "Our result is an important step toward a better understanding of the 'strong interaction' -- that fundamental force that binds protons and neutrons together in the atomic nucleus. The measurements clearly show: light nuclei do not form in the hot initial stage of the collision, but later, when the conditions have become somewhat cooler and calmer."

Dr. Maximilian Mahlein, a researcher at Fabbietti's Chair for Dense and Strange Hadronic Matter at the TUM School of Natural Sciences, adds that the findings have broader implications. "Our discovery is significant not only for fundamental nuclear physics research. Light atomic nuclei also form in the cosmos -- for example in interactions of cosmic rays. They could even provide clues about the still-mysterious dark matter. With our new findings, models of how these particles are formed can be improved and cosmic data interpreted more reliably."

CERN and the Large Hadron Collider

CERN (Conseil Europeen pour la Recherche Nucleaire) is the world's largest center for particle physics research. Located near Geneva on the border between Switzerland and France, it is home to the LHC, a 27-kilometer-long underground ring accelerator. Inside the LHC, protons are smashed together at nearly the speed of light. These collisions recreate conditions similar to those shortly after the Big Bang, reaching temperatures and energies not found anywhere else today. This allows scientists to study matter at its most basic level and test the fundamental laws of nature.




ALICE and the Birth of Matter

One of the LHC's key experiments is ALICE (A Large Ion Collider Experiment), which focuses on understanding the strong interaction that holds atomic nuclei together. ALICE functions like an enormous camera, able to track and reconstruct up to 2000 particles produced in a single collision. By doing so, researchers aim to recreate the universe's earliest moments and learn how a hot mixture of quarks and gluons eventually formed stable atomic nuclei and, ultimately, all matter.

Exploring Cosmic Origins and Fundamental Forces

The ORIGINS Cluster of Excellence studies how the universe and its structures came into being, from galaxies and stars to planets and the basic components of life. Its research follows the path from the smallest particles in the early universe to the development of biological systems. This includes searching for environments that could support life beyond Earth and gaining deeper insight into dark matter. In May 2025, a second funding phase for ORIGINS, proposed by TUM and Ludwig-Maximilians-Universitat Munchen (LMU), was approved under Germany's Excellence Strategy.

The Collaborative Research Center "Neutrinos and Dark Matter in Astro- and Particle Physics" (SFB 1258) concentrates on fundamental physics questions, with particular attention to the weak interaction, one of the four fundamental forces of nature. The third funding period of the SFB1258 began in January 2025.
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Hidden heat beneath Greenland could change sea level forecasts | ScienceDaily
A research team led by scientists at the University of Ottawa has produced a new set of detailed 3D models that map temperatures deep beneath Greenland and northeastern Canada. These models shed light on how the region formed over millions of years and help explain how Greenland's massive ice sheet has responded, and may continue to respond, to climate change.


						
Mapping Hidden Heat Beneath Greenland

The project was carried out at the University of Ottawa in partnership with researchers from the University of Twente in the Netherlands and the Geological Survey of Denmark and Greenland (GEUS). To build their models, the team combined satellite observations with data collected on the ground. They then ran hundreds of thousands of computer simulations using high-performance systems, including resources from the Digital Research Alliance of Canada.

The results reveal that heat deep inside the Earth is not evenly distributed beneath Greenland. According to the study's lead author, these variations are closely tied to Greenland's geological journey across a powerful volcanic region in the past.

"Our new regional temperature models reveal significant lateral variations in the Earth's thermal structure beneath Greenland, which provide important information on the island's passage over the Iceland hotspot," explains uOttawa's PhD graduate Parviz Ajourlou, the study's first author. "These variations help us better interpret Greenland's tectonic history and the influence of this history on the geophysical properties of the underlying rocks."

Why Underground Heat Matters for Ice and Land

The temperature of the rocks beneath the ice plays a major role in how the ice sheet behaves today. Warmer conditions at the base can affect how ice slides, how the ground beneath it moves, and how scientists interpret satellite measurements of Earth's surface.




Glenn Milne, Chair and Full Professor within the Department of Earth and Environmental Sciences at uOttawa and the study's principal investigator, highlighted the broader importance of these findings.

"This research advances our understanding of the Earth's internal structure beneath Greenland. Temperature variations directly influence the interaction between the ice sheet and the bedrock, which must be quantified to interpret observations of land motion and gravity changes. These observations tell us how the ice sheet is responding to recent climate warming."

Improving Predictions of Future Sea Level Rise

To create their 3D temperature model, the researchers analyzed a wide range of geophysical data, including seismic velocities, gravity anomalies, and heat flow. This comprehensive approach not only provides new insight into Greenland's geological past but also strengthens scientists' ability to model how the ice sheet may change in the future.

By better accounting for how heat inside the Earth interacts with ice above it, researchers can improve simulations of ice loss and refine estimates of Greenland's contribution to global sea level rise.

"This work is a good illustration of how our knowledge of the solid Earth enhances our ability to understand the climate system," says Ajourlou. "By improving how we model ice-earth interactions, we can better forecast future sea level rise and plan accordingly."
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A massive scientific review put alternative autism therapies to the test | ScienceDaily
The most wide ranging quantitative analysis of research on complementary and alternative treatments for autism has found no strong evidence that these approaches are effective. The review also found that safety was often overlooked, with many treatments never properly evaluated for possible risks.


						
The study was led by researchers from Paris Nanterre University, Paris Cite University, and the University of Southampton and published in Nature Human Behaviour. It examined 248 meta analyses, drawing on results from 200 clinical trials that together involved more than 10,000 participants.

What Treatments Were Examined

The researchers focused on complementary, alternative and integrative medicines (CAIMs) used to treat autism. In total, they evaluated 19 different types of interventions. These included animal assisted therapies, acupuncture, herbal medicine, music therapy, probiotics, and Vitamin D supplementation.

Alongside the analysis, the research team developed an online platform designed to help the public explore the scientific evidence behind different CAIMs more easily.

Why These Treatments Are Widely Used

Autistic people may experience challenges with communication, understanding others' thoughts or emotions, managing sensory overload, coping with unfamiliar environments, and engaging in repetitive behaviors. These difficulties can affect daily life and overall wellbeing.




As a result, interest in alternative treatments is widespread. Studies suggest that up to 90 percent of autistic individuals report having tried at least one CAIM at some point in their lives.

"Many parents of autistic children, as well as autistic adults, turn to complementary and alternative medicines hoping they may help without unwanted side effects," says Professor Richard Delorme, Head of the Child and Adolescent Psychiatry Unit at Robert Debre Hospital in Paris.

"However, it is necessary to carefully consider evidence from rigorous randomized trials before concluding that these treatments should be tried."

How the Evidence Was Evaluated

To assess the full scope of existing research, the team conducted an umbrella review, a method that combines findings from multiple meta analyses to provide an overall big picture assessment.

Dr. Corentin Gosling, Associate Professor at the Paris Nanterre University and first author of the study, explains: "Rather than looking at individual trials, we reviewed all the available meta-analyses, which are a compilation of many trials. This allowed us to evaluate the full body of evidence across different treatments.




"Importantly, we also developed a free and easy-to-use online platform, which we will continue to test. Ultimately, we hope this tool will support autistic people and practitioners in choosing together the best treatment."

Weak Evidence and Limited Safety Data

Although a small number of treatments showed signs of potential benefit, most were backed by weak or low quality evidence, making the reported effects unreliable. The researchers also raised concerns about safety, noting that fewer than half of the treatments had been assessed for acceptability, tolerability, or adverse events.

Professor Samuele Cortese, NIHR Research Professor at the University of Southampton and co senior author, emphasized the importance of looking beyond individual studies. "This study shows that when people want to know whether a treatment is effective, they shouldn't just look at one single study. It's essential to consider all the available evidence and how good that evidence is. Drawing conclusions from one low-quality study can be misleading."

Study Details and Funding

The study Complementary, alternative and integrative medicine for autism: an umbrella review and online platform is published in Nature Human Behaviour and is available online.

The online platform is available at: https://ebiact-database.com

The research was funded by Agence Nationale de la Recherche (ANR).
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MIT scientists find a way to rejuvenate the immune system as we age | ScienceDaily
As people get older, the immune system often becomes less effective. Populations of T cells shrink, and the remaining cells may respond more slowly to germs. That slowdown can leave older adults more vulnerable to many kinds of infections.


						
To address this age related decline, scientists from MIT and the Broad Institute developed a method to temporarily reprogram liver cells in a way that strengthens T cell performance. The goal is to make up for the reduced output of the thymus, the organ where T cells normally mature.

In the study, the team used mRNA to deliver three important factors that support T cell survival. With this approach, they were able to rejuvenate the immune systems of mice. Older mice that received the treatment produced larger and more varied T cell populations after vaccination, and they also showed improved responses to cancer immunotherapy.

The researchers say that if this strategy can be adapted for patients, it could help people stay healthier as they age.

"If we can restore something essential like the immune system, hopefully we can help people stay free of disease for a longer span of their life," says Feng Zhang, the James and Patricia Poitras Professor of Neuroscience at MIT, who has joint appointments in the departments of Brain and Cognitive Sciences and Biological Engineering.

Zhang is also an investigator at the McGovern Institute for Brain Research at MIT, a core institute member at the Broad Institute of MIT and Harvard, and an investigator in the Howard Hughes Medical Institute. He is the senior author of the new study. Former MIT postdoc Mirco Friedrich is the lead author of the paper, which was published in Nature.

The Thymus and Why T Cells Decline With Age

The thymus is a small organ located in front of the heart, and it is essential for building a healthy supply of T cells. Inside the thymus, immature T cells go through a checkpoint process that helps create a diverse set of T cells. The thymus also releases cytokines and growth factors that help T cells survive.




But beginning in early adulthood, the thymus starts to shrink. This process is called thymic involution, and it reduces the body's ability to produce new T cells. By about age 75, the thymus is essentially nonfunctional.

"As we get older, the immune system begins to decline. We wanted to think about how can we maintain this kind of immune protection for a longer period of time, and that's what led us to think about what we can do to boost immunity," Friedrich says.

Earlier efforts to rejuvenate the immune system have often focused on sending T cell growth factors through the bloodstream, but that approach can cause harmful side effects. Other researchers are investigating whether transplanted stem cells could help regrow functional thymus tissue.

A Temporary Liver Factory Powered by mRNA

The MIT team chose a different strategy. They asked whether the body could be prompted to create a temporary "factory" that produces the same T cell stimulating signals typically made by the thymus.

"Our approach is more of a synthetic approach," Zhang says. "We're engineering the body to mimic thymic factor secretion."

They selected the liver for the job for several reasons. The liver can produce large amounts of protein even in old age. It is also easier to deliver mRNA to the liver than to many other organs. In addition, all circulating blood flows through the liver, including T cells, making it a practical place to release immune supporting signals into the bloodstream.




To build this factory, the researchers picked three immune cues involved in T cell maturation. They encoded these factors into mRNA and packaged the sequences into lipid nanoparticles. After injection into the bloodstream, the nanoparticles collect in the liver. Hepatocytes take up the mRNA and begin making the proteins encoded by it.

The three factors delivered were DLL1, FLT-3, and IL-7. These signals help immature progenitor T cells develop into fully differentiated T cells.

Vaccine and Cancer Immunotherapy Benefits in Older Mice

Experiments in mice showed multiple positive outcomes. In one test, the researchers injected the mRNA particles into 18 month old mice, roughly comparable to humans in their 50s. Because mRNA does not last long in the body, the team gave repeated doses over four weeks to keep the liver producing the factors consistently.

After the treatment, T cell populations increased substantially in both size and function.

The team then examined whether the approach improved vaccine responses. They vaccinated mice with ovalbumin, a protein found in egg whites that is often used to study immune reactions to a specific antigen. In 18 month old mice that received the mRNA treatment before vaccination, the number of cytotoxic T cells targeting ovalbumin doubled compared with untreated mice of the same age.

The researchers also found that the mRNA method could strengthen responses to cancer immunotherapy. They treated 18 month old mice with the mRNA, implanted tumors, and then gave the mice a checkpoint inhibitor drug. This drug targets PD-L1 and is intended to release the immune system's brakes so T cells can attack tumor cells more effectively.

Mice that received both the checkpoint inhibitor and the mRNA treatment had much higher survival rates and lived longer than mice that received the checkpoint inhibitor drug without the mRNA treatment.

The researchers determined that all three factors were required for the immune improvement. No single factor could reproduce the full effect. Next, the team plans to test the approach in additional animal models and search for other signaling factors that might further strengthen immune function. They also want to investigate how the treatment influences other immune cells, including B cells.

Other authors of the paper include Julie Pham, Jiakun Tian, Hongyu Chen, Jiahao Huang, Niklas Kehl, Sophia Liu, Blake Lash, Fei Chen, Xiao Wang, and Rhiannon Macrae.

The research was funded in part by the Howard Hughes Medical Institute, the K. Lisa Yang Brain-Body Center at MIT, Broad Institute Programmable Therapeutics Gift Donors, the Pershing Square Foundation, the Phillips family, J. and P. Poitras, and an EMBO Postdoctoral Fellowship.
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Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation | ScienceDaily
Researchers at Stanford Medicine have identified the biological steps that explain how mRNA-based COVID-19 vaccines can, in rare cases, lead to heart inflammation in some adolescent and young adult males. Their work also points to a potential strategy for lowering that risk.


						
By combining modern laboratory techniques with previously published data from vaccinated individuals, the team uncovered a two-stage immune response. In this process, the vaccine activates one type of immune cell, which then stimulates another. Together, these immune reactions drive inflammation that can damage heart muscle cells and set off additional inflammatory effects.

Vaccines Remain Highly Safe and Effective

The findings come despite the fact that mRNA COVID-19 vaccines have been given billions of times worldwide and continue to show an excellent safety record, said Joseph Wu, MD, PhD, director of the Stanford Cardiovascular Institute.

"The mRNA vaccines have done a tremendous job mitigating the COVID pandemic," said Wu, the Simon H. Stertzer, MD, Professor and a professor of medicine and of radiology. "Without these vaccines, more people would have gotten sick, more people would have had severe effects and more people would have died."

mRNA vaccines are considered a major advance because they can be developed quickly, adjusted as viruses change, and tailored to target very different pathogens. Still, as with any medical intervention, reactions are not identical for everyone.

Understanding Vaccine-Associated Myocarditis

One uncommon but documented side effect of mRNA COVID-19 vaccines is myocarditis, which refers to inflammation of the heart muscle. Symptoms can include chest pain, shortness of breath, fever and heart palpitations. These symptoms occur without a viral infection and typically appear within one to three days after vaccination.




Most affected individuals show elevated levels of cardiac troponin in their blood, a widely used marker of heart muscle injury. (Cardiac troponin is normally found exclusively in the heart muscle. When found circulating in blood, it indicates damage to heart muscle cells.)

The condition occurs in roughly one out of every 140,000 people after a first vaccine dose and increases to about one in 32,000 after a second dose. Rates are highest among males age 30 and younger, where it affects about one in 16,750 vaccine recipients.

Outcomes Are Usually Mild and Temporary

Wu emphasized that the majority of myocarditis cases linked to vaccination resolve quickly, with heart function either fully preserved or restored.

"It's not a heart attack in the traditional sense," he said. "There's no blockage of blood vessels as found in most common heart attacks. When symptoms are mild and the inflammation hasn't caused structural damage to the heart, we just observe these patients to make sure they recover."

In rare instances, however, severe inflammation can cause serious injury, leading to hospitalization, intensive care treatment or death.




"But COVID's worse," Wu said. He noted that a COVID-19 infection is about 10 times more likely to cause myocarditis than an mRNA-based COVID-19 vaccine, in addition to the many other risks posed by the disease.

A Closer Look at the Immune Response

Wu is a senior author of the study, publisded Dec. 10 in Science Translational Medicine, along with Masataka Nishiga, MD, PhD, a former Stanford postdoctoral scholar now at The Ohio State University. The study's lead author is Xu Cao, PhD, also a postdoctoral scholar at Stanford.

"Medical scientists are quite aware that COVID itself can cause myocarditis," Wu said. "To a lesser extent, so can the mRNA vaccines. The question is, why?"

Suspects Identified

To answer that question, the team analyzed blood samples from vaccinated individuals, including some who developed myocarditis. When they compared these samples with those from people who did not develop heart inflammation, two proteins stood out.

"Two proteins, named CXCL10 and IFN-gamma, popped up. We think these two are the major drivers of myocarditis," Wu said.

Both CXCL10 and IFN-gamma are cytokines, signaling molecules that immune cells use to communicate and coordinate their activity.

How Immune Cells Interact After Vaccination

The researchers grew human immune cells called macrophages in laboratory dishes and exposed them to mRNA vaccines. Macrophages act as early responders in immune defense.

After exposure, the macrophages released multiple cytokines, with especially high levels of CXCL10. Their behavior closely matched immune responses previously documented in vaccinated people.

When T cells were added to the system, either directly or by exposing them to fluid from the macrophage cultures, the T cells began producing large amounts of IFN-gamma. In contrast, T cells exposed to the vaccine alone did not show this spike. These findings showed that macrophages primarily produce CXCL10, while T cells are the main source of IFN-gamma following vaccination.

How the Cytokines Affect the Heart

To determine whether these cytokines directly harm the heart, the team vaccinated young male mice and observed increased cardiac troponin levels, indicating heart muscle injury.

They also found that immune cells, including macrophages and neutrophils, had entered heart tissue. Neutrophils are short-lived immune cells that respond aggressively to threats and are a major component of pus. Similar immune cell infiltration is seen in people who develop myocarditis after vaccination.

Blocking CXCL10 and IFN-gamma reduced the number of these immune cells entering the heart and limited damage to healthy tissue.

The researchers also detected increased levels of adhesion molecules in heart blood vessels. These molecules help immune cells latch onto vessel walls, making it easier for them to move into heart tissue.

Together, these findings confirmed that CXCL10 and IFN-gamma directly contribute to heart injury. Blocking them preserved much of the immune response to vaccination while lowering signs of heart damage.

Testing Human Heart Tissue Models

Wu's lab specializes in converting human skin or blood cells into stem-like cells that can become heart muscle cells, immune cells and blood vessel cells. These cells can be assembled into small, beating clusters that mimic aspects of heart function.

When these cardiac spheroids were exposed to CXCL10 and IFN-gamma collected from vaccinated immune cells, markers of heart stress rose sharply. Using inhibitors to block the cytokines reduced this damage.

Measures of heart function, including contraction strength and beating rhythm, were impaired by the cytokines but improved once the signaling was blocked.

Saved by a Soybean

Wu suspected that a widely available dietary compound might help protect the heart. Since myocarditis is more common in males and estrogen has anti-inflammatory effects, he revisited genistein, a soy-derived compound his team had studied previously.

In a 2022 study published in Cell, the researchers showed that genistein has anti-inflammatory properties and can counter marijuana-related damage to blood vessels and heart tissue.

"Genistein is only weakly absorbed when taken orally," Wu said. "Nobody ever overdosed on tofu."

Testing Genistein's Protective Effects

The team repeated their experiments while pre-treating cells, cardiac spheroids and mice (the latter by oral administration of large quantities) with genistein. This treatment reduced much of the heart damage caused by either mRNA vaccination or the CXCL10 and IFN-gamma combination.

The form of genistein used in the study was more purified and concentrated than supplements commonly sold in stores.

"It's reasonable to believe that the mRNA-vaccine-induced inflammatory response may extend to other organs," Wu said. "We and others have seen some evidence of this in lung, liver and kidney. It's possible that genistein may also reverse these changes."

Broader Implications Beyond COVID Vaccines

Heightened cytokine signaling may be a broader feature of mRNA vaccines. IFN-gamma, in particular, plays a critical role in defending the body against foreign DNA and RNA, including viral genetic material.

"Your body needs these cytokines to ward off viruses. It's essential to immune response but can become toxic in large amounts," Wu said. Excessive IFN-gamma can lead to myocarditis-like symptoms and breakdown of heart muscle proteins.

This risk is not limited to COVID vaccines alone.

"Other vaccines can cause myocarditis and inflammatory problems, but the symptoms tend to be more diffuse," Wu said. "Plus, mRNA-based COVID-19 vaccines' risks have received intense public scrutiny and media coverage. If you get chest pains from a COVID vaccine you go to the hospital to get checked out, and if the serum troponin is positive, then you get diagnosed with myocarditis. If you get achy muscles or joints from a flu vaccine, you just blow it off."

Funding and Support

The study was supported by the National Institutes of Health (grants R01 HL113006, R01 HL141371, R01 HL141851, R01 HL163680 and R01 HL176822) and the Gootter-Jensen Foundation.
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Physicists close in on the elusive sterile neutrino | ScienceDaily
Neutrinos are extraordinarily difficult to detect, yet they are among the most abundant matter particles in the Universe. According to the Standard Model of particle physics, there are three known kinds. That picture changed when scientists discovered neutrino oscillations, a phenomenon showing that neutrinos have mass and can switch between types as they move through space. Over the years, several unexplained experimental results have fueled speculation about a fourth variety known as a sterile neutrino, which would interact even more weakly than the others. Confirming its existence would mark a major shift in our understanding of fundamental physics.


						
A new study published in Nature reports the most precise direct search so far for sterile neutrinos. The work comes from the KATRIN collaboration, which analyzed radioactive decays of tritium to look for subtle signs of an additional neutrino type.

The KATRIN (Karlsruhe Tritium Neutrino) experiment was originally designed to measure the mass of neutrinos. It does this by carefully tracking the energies of electrons released during the b-decay of tritium. When tritium decays, the neutrino carries away some energy, which slightly alters the energy pattern of the emitted electrons. If a sterile neutrino were sometimes produced instead, it would leave a recognizable distortion, or "kink," in that pattern.

Located at the Karlsruhe Institute of Technology in Germany, KATRIN stretches more than 70 meters in length. Its setup includes a powerful windowless gaseous tritium source, a high-resolution spectrometer that precisely measures electron energies, and a detector that records the particles. Since beginning operations in 2019, the experiment has collected tritium b-decay data with unmatched precision, specifically searching for the tiny deviations expected from a sterile neutrino.

What the Data Reveal About Sterile Neutrinos

In the new Nature paper, the team reports the most sensitive tritium b-decay search for sterile neutrinos to date. Between 2019 and 2021, KATRIN recorded about 36 million electrons over 259 days of data taking. These measurements were compared with detailed models of b-decay and achieved accuracy better than one percent. The analysis found no evidence of a sterile neutrino.

This result rules out a broad range of possibilities that had been suggested by earlier anomalies. Those anomalies included unexpected deficits seen in reactor-neutrino experiments and gallium-source measurements, both of which had hinted at a fourth neutrino. The findings also completely contradict the Neutrino-4 experiment, which had claimed evidence for such a particle.




KATRIN's exceptionally low background means that nearly all detected electrons originate from tritium decay, allowing for a very clean measurement of the energy spectrum. Unlike oscillation experiments, which observe how neutrinos change identity after traveling some distance, KATRIN examines the energy distribution at the moment the neutrino is created. Because these methods probe different aspects of neutrino behavior, they complement each other and together provide strong evidence against the sterile neutrino hypothesis.

How KATRIN Complements Other Experiments

"Our new result is fully complementary to reactor experiments such as STEREO," explains Thierry Lasserre (Max-Planck-Institut fur Kernphysik) in Heidelberg, who led the analysis. "While reactor experiments are most sensitive to sterile-active mass splittings below a few eV2, KATRIN explores the range from a few to several hundred eV2. Together, the two approaches now consistently rule out light sterile neutrinos that would noticeably mix with the known neutrino types."

Looking Ahead to More Data and New Detectors

KATRIN will continue collecting data through 2025, which will further improve its sensitivity and allow even stricter tests for light sterile neutrinos. "By the completion of data taking in 2025, KATRIN will have recorded more than 220 million electrons in the region of interest, increasing the statistics by over a factor of six," says KATRIN co-spokesperson Kathrin Valerius (KIT). "This will allow us to push the boundaries of precision and probe mixing angles below the present limits."

An upgrade is planned for 2026, when the TRISTAN detector will be added to the experiment. TRISTAN will record the full tritium b-decay spectrum with unprecedented statistics. By bypassing the main spectrometer and measuring electron energies directly TRISTAN will be able to investigate much heavier sterile neutrinos. "This next-generation setup will open a new window into the keV-mass range, where sterile neutrinos might even form the Universe's dark matter," says co-spokesperson Susanne Mertens (Max-Planck-Institut fur Kernphysik).

An International Scientific Effort

The KATRIN Collaboration brings together scientists from more than 20 institutions across 7 countries, reflecting the global effort behind one of the most precise neutrino experiments ever built.
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New images reveal what really happens when stars explode | ScienceDaily
Astronomers have obtained remarkably detailed images of two stellar explosions -- called novae -- just days after they began. The new observations offer clear proof that these outbursts are not as simple as once believed. Instead of a single blast, the explosions can send out more than one stream of material and may even delay some of the ejection in dramatic ways.


						
The international research team reported the work in Nature Astronomy. They used interferometry at the Center for High Angular Resolution Astronomy (CHARA Array) in California, a method that combines light from multiple telescopes to create extremely sharp views. That added resolution made it possible to directly image these fast-changing events as they evolved.

"The images give us a close-up view of how material is ejected away from the star during the explosion," said Georgia State's Gail Schaefer, director of the CHARA Array. "Catching these transient events requires flexibility to adapt our night-time schedule as new targets of opportunity are discovered."

What a Nova Is and Why Shock Waves Matter

A nova happens in a close binary system when a white dwarf, the dense leftover core of a star, pulls gas from a nearby companion. As the stolen material builds up, it can ignite in a runaway nuclear reaction, triggering a sudden brightening in the sky. Until recently, astronomers mostly had to piece together the earliest stages indirectly because the expanding debris looked like a single pinpoint of light.

Seeing exactly how the ejecta blast outward and interact is key to explaining how shock waves form in novae. Those shocks were first linked to novae by NASA's Fermi Large Area Telescope (LAT). During its first 15 years, Fermi-LAT detected GeV emission from more than 20 novae, showing that these eruptions can produce gamma rays in our galaxy and pointing to their promise as multi-messenger sources.

Two 2021 Novae With Very Different Behavior

The team focused on two novae that erupted in 2021 and found that they behaved in strikingly different ways. Nova V1674 Herculis was one of the fastest ever recorded, rising and fading within days. The images revealed two separate gas flows moving in perpendicular directions -- a sign that the event involved multiple ejections interacting with each other. The timing was especially telling: the new outflows appeared in the images while NASA's Fermi Gamma-ray Space Telescope was also detecting high-energy gamma rays, directly connecting the shock-powered radiation to those colliding streams.




Nova V1405 Cassiopeiae unfolded much more slowly. It unexpectedly held onto its outer layers for more than 50 days before releasing them, offering the clearest evidence yet for a delayed expulsion in a nova. When that material finally broke free, it set off fresh shocks, and NASA's Fermi again observed gamma rays tied to the renewed violence.

"These observations allow us to watch a stellar explosion in real time, something that is very complicated and has long been thought to be extremely challenging," said Elias Aydi, lead author of the study and a professor of physics and astronomy at Texas Tech University. "Instead of seeing just a simple flash of light, we're now uncovering the true complexity of how these explosions unfold. It's like going from a grainy black-and-white photo to high-definition video."

Interferometry Reveals Structure and Spectra Confirm the Details

The ability to see such fine structure comes from interferometry, the same type of technique used to help image the black hole at the center of our galaxy. The team also compared the images with spectra from major facilities such as Gemini. Those spectra tracked changing signatures in the ejected gas, and new spectral features matched up with structures seen in the interferometric images, providing a direct one-to-one confirmation of how the flows were forming and colliding.

"This is an extraordinary leap forward," said John Monnier, a professor of astronomy at the University of Michigan, a co-author of the study and an expert in interferometric imaging. "The fact that we can now watch stars explode and immediately see the structure of the material being blasted into space is remarkable. It opens a new window into some of the most dramatic events in the universe."

What This Changes About Stellar Explosions and Gamma Rays

The findings show that novae can be far more complicated than a single sudden outburst. They also help explain why these events generate strong shocks that produce high-energy light, including gamma rays. NASA's Fermi telescope has been central to uncovering that connection, turning novae into real-world laboratories for studying shock physics and particle acceleration.




"Novae are more than fireworks in our galaxy -- they are laboratories for extreme physics," said Professor Laura Chomiuk, a co-author from Michigan State University and an expert on stellar explosions. "By seeing how and when the material is ejected, we can finally connect the dots between the nuclear reactions on the star's surface, the geometry of the ejected material and the high-energy radiation we detect from space."

Overall, the results challenge the long-standing idea that nova eruptions are single, impulsive events. The observations instead point to multiple ways a nova can unfold, including several outflows and delayed release of the star's outer envelope, reshaping how scientists understand these explosive episodes.

"This is just the beginning," Aydi said. "With more observations like these, we can finally start answering big questions about how stars live, die and affect their surroundings. Novae, once seen as simple explosions, are turning out to be much richer and more fascinating than we imagined."

The images of the two novae were collected through the CHARA Array open-access program, supported by the National Science Foundation under Grants No. AST-2034336 and AST-2407956. Georgia State's College of Arts & Sciences, Office of the Provost and Office of the Vice President for Research and Economic Development also provide institutional support for the CHARA Array.
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Earth's worst extinction was followed by a shockingly fast ocean comeback | ScienceDaily
Scientists have uncovered more than 30,000 fossilized teeth, bones, and other remains on the remote Arctic island of Spitsbergen. The fossils come from a 249 million year old marine community that included extinct reptiles, amphibians, bony fish, and sharks. Together, they document one of the earliest known expansions of land-dwelling animals into ocean ecosystems after a period of extreme global warming and mass extinction at the very beginning of the Age of Dinosaurs.


						
The fossils were first discovered in 2015, but transforming them into scientific evidence required nearly ten years of careful excavation, preparation, sorting, identification, and analysis. The results of this long effort have now been published by researchers from the Natural History Museum at the University of Oslo and the Swedish Museum of Natural History in Stockholm.

Why Spitsbergen Is a Paleontological Hotspot

Spitsbergen, part of the Svalbard archipelago, is internationally known for its exceptionally preserved marine fossils from the early Age of Dinosaurs. These remains are locked within rock layers that began as soft mud on the seafloor, formed in an ancient ocean that stretched across mid to high paleolatitudes and bordered the massive Panthalassa Super-ocean.

Among the most striking finds are the fossils of unusual marine reptiles and amphibians. These animals represent some of the earliest examples of land-based species adapting to life far from shore, marking a critical turning point in vertebrate evolution.

Life After the End-Permian Mass Extinction

According to long-standing textbook explanations, this evolutionary shift occurred after the most devastating extinction event in Earth History, which happened about 252 million years ago. Known as the end-Permian mass extinction, this event, often called the 'great dying', eliminated more than 90 percent of marine species. Scientists link the catastrophe to intense greenhouse conditions, oxygen loss in the oceans, widespread acidification, and massive volcanic eruptions tied to the breakup of the ancient Pangaean supercontinent.




How quickly marine ecosystems recovered after this disaster has been one of the most hotly debated questions in paleontology. The prevailing theory suggested a slow rebound that unfolded over roughly eight million years, with amphibians and reptiles gradually moving into open ocean environments in a step-by-step process. The fossil evidence from Spitsbergen now challenges that assumption.

A Bonebed Packed With Ancient Life

The newly studied fossil deposit on Spitsbergen is so concentrated that it forms a visible bonebed eroding out of the mountainside. This layer built up over a short geological interval, offering a rare snapshot of marine life just a few million years after the end-Permian mass extinction. Geological dating places the formation of the bonebed at around 249 million years ago.

Researchers collected fossils using 1 m2 grid sections across a total area of 36 m2, a method that ensured detailed documentation of the site. In total, more than 800 kg of material was recovered. The collection includes tiny fish scales, shark teeth, massive marine reptile bones, and even coprolites (fossilized feces).

A Rapid and Unexpected Ocean Recovery

The Spitsbergen bonebed shows that marine ecosystems rebounded far more quickly than previously believed. Within as little as three million years after the end-Permian mass extinction, the oceans supported complex food webs filled with predatory reptiles and amphibians.




One of the most surprising findings is the wide range of fully aquatic reptiles present at the site. These included archosauromorphs (distant relatives of modern crocodiles) as well as diverse ichthyosaurs ('fish-lizards'). Some species were small, squid-eating hunters measuring less than 1 m long, while others were enormous apex predators exceeding 5 m in length.

Rethinking the Origins of Marine Reptiles

A computer-based global comparison of marine animal groups underscores the importance of the Spitsbergen site. The analysis identifies the bonebed as one of the most species-rich marine vertebrate (backboned animal) assemblages known from the early Age of Dinosaurs.

The findings also suggest that the transition of reptiles and amphibians into marine environments began earlier than scientists once thought and may have started even before the end-Permian mass extinction. This 'ecosystem reset' likely created new feeding opportunities and set the stage for the structure of modern marine ecosystems.

Publication and Public Display

The study appears as a cover feature in the international journal Science. Fossils from the Spitsbergen discovery are now on public display at the University of Oslo Natural History Museum and the Swedish Museum of Natural History.
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Cancer cells depend on a dangerous DNA repair trick | ScienceDaily
The DNA inside our cells is under constant attack. One of the most dangerous forms of damage is a double-strand break, which happens when both strands of the DNA helix are cut at the same time. Under normal conditions, healthy cells rely on highly accurate repair systems to fix this kind of damage. When those precise systems break down, however, cells may fall back on a less reliable emergency option. Researchers at Scripps Research have now identified when and how this backup repair process is triggered, and why some cancer cells depend on it to stay alive.


						
Their findings also suggest that this survival strategy could be turned against tumors that rely on it.

RNA DNA Tangles That Threaten Genome Stability

The study, published in Cell Reports, examined a protein involved in untangling twisted genetic material. This includes structures known as R-loops, which are RNA-DNA tangles that can disrupt normal DNA function. These structures form when newly produced RNA fails to separate from the DNA strand it was copied from, leaving one side of the DNA exposed and vulnerable.

"R-loops are important for many different cell functions, but they must be tightly controlled," says senior author Xiaohua Wu, a professor at Scripps Research. "If they aren't properly regulated, they can accumulate to harmful levels and cause genome instability."

The Role of SETX in Cancer and Neurological Disease

The researchers focused on a helicase protein, part of a group of molecular motors that unwind tangled genetic material, known as senataxin (SETX). Changes in the SETX gene are already linked to rare neurological disorders, including ataxia and a form of amyotrophic lateral sclerosis (ALS). The same mutations also appear in certain uterine, skin and breast cancers. This connection raised an important question. How do cancer cells cope with the stress caused by excessive R-loops when SETX is missing or defective?




A Cellular Crisis Triggers Emergency Repair

To find answers, Wu's team studied cells lacking SETX that showed unusually high levels of R-loops. They then observed what happened when double-strand breaks formed at these tangled sites. As expected, the cells accumulated significant DNA damage. What surprised the researchers was how aggressively the cells responded.

"We were surprised but excited to find that the cell turns on an emergency DNA repair mechanism called break-induced replication (BIR)," says Wu.

Break-Induced Replication as a Backup System

Under normal circumstances, BIR helps rescue stalled DNA replication forks. It can also act as a fallback repair option for double-strand breaks. Instead of making small, precise fixes, BIR copies long stretches of DNA to reconnect broken pieces. This rapid and extensive copying allows cells to survive severe damage, but it comes at a cost.

"It's like an emergency repair team that works intensively but makes more mistakes," says Wu.




The researchers discovered that without SETX, R-loops accumulate directly at sites of DNA breaks. This buildup interferes with the cell's usual repair signals. As a result, the broken DNA ends are trimmed excessively, exposing long sections of single-stranded DNA. These exposed regions attract the BIR machinery, including PIF1, a helicase that is essential for BIR to operate. Together, the exposed DNA and PIF1 act as a trigger that launches the BIR repair process.

A Survival Advantage That Creates a Weakness

Although BIR is prone to errors, it allows SETX-deficient cells to survive. Over time, however, these cells become dependent on BIR to repair DNA damage. If this repair route is blocked, the cells lose their ability to fix double-strand breaks and die. This type of vulnerability is known as synthetic lethality, a principle already used in several targeted cancer treatments.

Wu's team found that SETX-deficient cells are especially reliant on three BIR-related proteins: PIF1, RAD52 and XPF.

"What's important is that these aren't essential in normal cells, which means we could selectively kill SETX-deficient tumors," says Wu.

From Discovery to Potential Therapy

While the findings point to a promising strategy, Wu cautions that clinical applications will take time.

"We're now exploring ways to inhibit these BIR factors, trying to find ones with the right activity and low toxicity," she adds.

The team is also investigating which cancers accumulate the highest levels of R-loops and under what conditions. Identifying tumors most likely to respond to BIR-targeted therapies will be a key next step.

Although SETX deficiency itself is relatively rare, many cancers build up R-loops through other pathways, including oncogene activation or hormone signaling such as estrogen in certain breast cancers. This means the approach could be relevant to a much broader range of tumors, not only those with SETX mutations.

In addition to Wu, authors of the study "Break-induced replication is activated to repair R-loop-associated double-strand breaks in SETX-deficient cells" include Tong Wu, Youhang Li, Yuqin Zhao and Sameer Bikram Shah of Scripps Research; and Linda Z. Shi of the University of California San Diego.

This work was supported by the National Institutes of Health (grants GM141868, CA294646, CA244912 and CA187052).
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Ancient wolves could only have reached this island by boat | ScienceDaily
Researchers have uncovered ancient wolf remains on a small, isolated island in the Baltic Sea, a location the animals could not have reached without human help. The findings point to a surprising possibility that prehistoric people deliberately brought grey wolves to the island and may have kept or managed them. The research was published in Proceedings of the National Academy of Sciences and led by scientists from the Francis Crick Institute, Stockholm University, the University of Aberdeen, and the University of East Anglia.


						
The remains, dated to between 3,000 and 5,000 years old, were discovered in the Stora Forvar cave on the Swedish island of Stora Karlso. Archaeological evidence shows the site was heavily used by seal hunters and fishers during the Neolithic and Bronze Ages. Covering just 2.5 square kilometres, the island has no native land mammals, which means any wolves found there must have been transported by people.

Genetic Evidence Confirms They Were Wolves

DNA analysis of two canid bones confirmed the animals were wolves rather than early dogs, with no signs of dog ancestry. Despite this, several features suggested close contact with humans. Chemical analysis of the bones showed the wolves ate large amounts of marine food, including seals and fish, matching the human diet on the island and indicating they were likely fed by people. The wolves were also smaller than typical mainland wolves, and one showed unusually low genetic diversity, often seen in isolated populations or those shaped by human control.

"The discovery of these wolves on a remote island is completely unexpected," said Dr. Linus Girdland-Flink of the University of Aberdeen, a lead author of the study. "Not only did they have ancestry indistinguishable from other Eurasian wolves, but they seemed to be living alongside humans, eating their food, and in a place they could have only have reached by boat. This paints a complex picture of the relationship between humans and wolves in the past."

Rethinking Domestication and Wolf History

The presence of wolves in a human settlement challenges traditional views of how people and wolves interacted in the past and how dogs eventually emerged. Researchers cannot yet say whether these wolves were tame, kept in captivity, or managed in another way. However, their long-term presence on an isolated island suggests intentional and ongoing human involvement.




"It was a complete surprise to see that it was a wolf and not a dog," said Pontus Skoglund of the Ancient Genomics Laboratory at the Francis Crick Institute and senior author. "This is a provocative case that raises the possibility that in certain environments, humans were able to keep wolves in their settlements, and found value in doing so."

Genetic Clues and Possible Human Care

Anders Bergstrom of the University of East Anglia and co-lead author, commented: "The genetic data is fascinating. We found that the wolf with the most complete genome had low genetic diversity, lower than any other ancient wolf we've seen. This is similar to what you see in isolated or bottlenecked populations, or in domesticated organisms. While we can't rule out that these wolves had low genetic diversity for natural reasons, it suggests that humans were interacting with and managing wolves in ways we hadn't previously considered."

One wolf from the Bronze Age also showed severe damage to a limb bone that would have reduced its ability to move or hunt. Its survival suggests it may have received care or lived in conditions where hunting large prey was unnecessary.

A Broader View of Human and Animal Relationships

By combining bone analysis with genetic data, researchers gained insights that would not have been possible using either method alone. "The combination of data has revealed new and very unexpected perspectives on Stone Age and Bronze Age human-animal interactions in general and specifically concerning wolves and also dogs," says Jan Stora, Professor of Osteoarchaeology at Stockholm University.

Overall, the findings suggest that relationships between humans and wolves in prehistory were far more varied than once thought. Rather than being limited to hunting or avoidance, these interactions sometimes involved close cooperation and management, hinting at early experiments with domestication that did not lead directly to modern dogs.
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Scientists just found the best places to look for ancient life on Mars | ScienceDaily
Long before Mars became the cold, dry world we see today, rain once fell across its surface. Water gathered in low-lying valleys and river channels, overflowed crater rims, and rushed through canyons. Some of that water may have traveled far enough to reach a vast ocean that once covered part of the planet.


						
On Earth, regions shaped by large river systems are some of the richest ecosystems on the planet -- the Amazon River basin alone supports tens of thousands of known species. Scientists believe similar environments on ancient Mars could have provided favorable conditions for life during periods when liquid water was present.

Mapping Mars' Largest Ancient River Systems

In a study published in PNAS, researchers from The University of Texas at Austin report the first detailed identification of large river drainage systems on Mars. Their analysis pinpointed 16 extensive river basins that would have offered the most promising settings for life on the red planet.

"We've known for a long time that there were rivers on Mars," said co-author Timothy A. Goudge, an assistant professor in the Department of Earth and Planetary Sciences at the UT Jackson School of Geosciences. "But we really didn't know the extent to which the rivers were organized in large drainage systems at the global scale."

Combining Data for a Planet-Wide View

Goudge and postdoctoral researcher Abdallah S. Zaki assembled previously published data on Martian valley networks, lakes, and river features. By merging these datasets, they were able to trace how individual features connected and calculate the total size of the resulting drainage systems.




Their work revealed 19 major groupings of valleys, streams, lakes, canyons, and sediment deposits. Of these, 16 formed interconnected watersheds covering at least 100,000 square kilometers. On Earth, that size marks the lower limit of what scientists define as a large drainage basin. This marks the first systematic, planet-wide effort to identify large river basins on Mars.

"We did the simplest thing that could be done. We just mapped them and pieced them together," said Zaki, who led the research.

How Mars Compares to Earth

Large watersheds are far more common on Earth than on Mars. Our planet has 91 drainage basins that exceed 100,000 square kilometers. The Amazon River basin, the largest on Earth, spans roughly 6.2 million square kilometers. Texas' Colorado River basin narrowly meets the threshold at 103,300 square kilometers.

Wherever large river systems exist, life tends to follow. Bigger rivers transport greater amounts of nutrients, helping sustain diverse ecosystems. That is why the world's largest drainage basins host extraordinary biodiversity. Some, including the Indus River basin, are also regarded as birthplaces of human civilization.

Why Mars Has Fewer Large Watersheds

On Earth, tectonic forces constantly reshape the landscape, creating mountains, valleys, and varied terrain that guide water flow and link river systems together. This geological activity plays a key role in forming large drainage networks. Mars, by contrast, lacks active tectonics, which helps explain why its river systems are fewer and generally smaller.




Even so, the researchers found that Mars' largest drainage systems played an outsized role in shaping the planet. Although they cover only about 5% of ancient Martian terrain, these regions account for roughly 42% of all material eroded by rivers on Mars.

Because sediment carries nutrients, these locations are considered prime targets in the search for evidence of past life, Zaki said, though more research is needed to determine exactly where those sediments ultimately settled.

"The longer the distance, the more you have water interacting with rocks, so there's a higher chance of chemical reactions that could be translated into signs of life," he said.

Key Targets for Future Mars Missions

Much of Mars is made up of a patchwork of smaller drainage systems. Each may have supported habitable conditions at one time. Still, the researchers say the 16 largest drainage basins stand out as especially valuable targets for future exploration focused on habitability.

"It's a really important thing to think about for future missions and where you might go to look for life," Goudge said.

Broader Impact of the Research

Department Chair Danny Stockli said the study highlights the ongoing contributions of the Jackson School to planetary science.

"Tim Goudge and his team continue to be leaders in the field, making groundbreaking contributions to the understanding of Mars' planetary surface and hydrologic processes," he said.

The study also includes co-author David Mohrig, a professor in the Department of Earth and Planetary Sciences.
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NASA's Webb telescope just discovered one of the weirdest planets ever | ScienceDaily
Scientists using NASA's James Webb Space Telescope have identified a previously unknown kind of exoplanet, one whose atmosphere defies current ideas about how planets are supposed to form.


						
The newly observed world has a stretched, lemon-like shape and may even contain diamonds deep inside. Its strange characteristics make it difficult to classify, sitting somewhere between what astronomers typically consider a planet and a star.

A Carbon World Unlike Any Other

The object, officially named PSR J2322-2650b, has an atmosphere dominated by helium and carbon rather than the familiar gases seen on most known exoplanets. With a mass comparable to Jupiter, the planet is shrouded in dark soot-like clouds. Under the intense pressures inside the planet, scientists believe carbon from these clouds could be compressed into diamonds. The planet circles a rapidly spinning neutron star.

Despite detailed observations, how this planet formed remains unknown.

"The planet orbits a star that's completely bizarre -- the mass of the Sun, but the size of a city," said University of Chicago astrophysicist Michael Zhang, the study's principal investigator. The research has been accepted for publication in The Astrophysical Journal Letters. "This is a new type of planet atmosphere that nobody has ever seen before."

"This was an absolute surprise," said Peter Gao of the Carnegie Earth and Planets Laboratory in Washington, D.C. "I remember after we got the data down, our collective reaction was 'What the heck is this?'"

A Planet Orbiting a Pulsar




PSR J2322-2650b orbits a neutron star, also known as a pulsar, that spins at extraordinary speed.

Pulsars emit powerful beams of electromagnetic radiation from their magnetic poles at intervals measured in milliseconds. Most of that radiation comes in the form of gamma rays and other high-energy particles that are invisible to Webb's infrared instruments.

Because the star itself does not overwhelm Webb's detectors, researchers can observe the planet throughout its entire orbit. This is rarely possible, since most stars shine far brighter than the planets around them.

"This system is unique because we are able to view the planet illuminated by its host star, but not see the host star at all," said Maya Beleznay, a Stanford University graduate student who helped model the planet's shape and orbit. "So we get a really pristine spectrum. And we can better study this system in more detail than normal exoplanets."

A Startling Atmospheric Discovery

When scientists analyzed the planet's atmospheric signature, they found something entirely unexpected.




"Instead of finding the normal molecules we expect to see on an exoplanet -- like water, methane and carbon dioxide -- we saw molecular carbon, specifically C3 and C2," Zhang said.

The extreme pressure inside the planet could cause that carbon to crystallize, potentially forming diamonds deep below the surface.

Still, the most puzzling issue remains unanswered.

"It's very hard to imagine how you get this extremely carbon-enriched composition," Zhang said. "It seems to rule out every known formation mechanism."

A Planet in a Deadly Embrace

PSR J2322-2650b orbits extraordinarily close to its star, just 1 million miles away. By comparison, Earth sits about 100 million miles from the Sun.

Because of this proximity, the planet completes a full orbit in just 7.8 hours (the time it takes to go around its star).

By modeling subtle changes in the planet's brightness as it moves, researchers determined that intense gravitational forces from the much heavier pulsar are stretching the planet into its lemon-like shape.

The system may belong to a rare category known as a black widow. In these systems, a fast-spinning pulsar is paired with a smaller, low-mass companion. In earlier stages, material from the companion flowed onto the pulsar, increasing its spin and fueling a powerful wind. That wind, along with intense radiation, gradually strips material away from the smaller object.

Like the spider it is named after, the pulsar slowly consumes its partner.

In this case, however, the companion is classified as an exoplanet by the International Astronomical Union, not a star.

"Did this thing form like a normal planet? No, because the composition is entirely different," Zhang said. "Did it form by stripping the outside of a star, like 'normal' black widow systems are formed? Probably not, because nuclear physics does not make pure carbon."

A Mystery Scientists Are Eager to Solve

Roger Romani of Stanford University and the Kavli Institute for Particle Astrophysics and Cosmology is one of the world's leading experts on black widow systems. He has proposed a possible explanation for the planet's strange atmosphere.

"As the companion cools down, the mixture of carbon and oxygen in the interior starts to crystallize," Romani said. "Pure carbon crystals float to the top and get mixed into the helium, and that's what we see. But then something has to happen to keep the oxygen and nitrogen away. And that's where there's controversy."

"But it's nice to not know everything," Romani added. "I'm looking forward to learning more about the weirdness of this atmosphere. It's great to have a puzzle to go after."

Why Webb Made the Difference

This discovery was only possible because of the James Webb Space Telescope's infrared sensitivity and unique observing conditions. Positioned about a million miles from Earth, Webb uses a massive sunshield to keep its instruments extremely cold, which is essential for detecting faint infrared signals.

"On the Earth, lots of things are hot, and that heat really interferes with the observations because it's another source of photons that you have to deal with," Zhang said. "It's absolutely not feasible from the ground."

Additional University of Chicago contributors included Prof. Jacob Bean, graduate student Brandon Park Coy, and Rafael Luque, who was a postdoctoral researcher at UChicago and is now with the Instituto de Astrofisica de Andalucia in Spain.

Funding for the research came from NASA and the Heising-Simons Foundation.
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This hidden flaw has been breaking EV batteries | ScienceDaily
Researchers at Argonne National Laboratory and the UChicago Pritzker School of Molecular Engineering (UChicago PME) have identified the source of a long-standing battery problem linked to fading capacity, shorter lifespans, and in some cases fires. The findings clarify why certain advanced lithium ion batteries break down faster than expected and how those failures might be reduced.


						
The work, published in Nature Nanotechnology, explains how extremely small internal stresses can build up inside battery materials and trigger cracking. These effects are especially important for batteries used in electric vehicles and other high demand technologies, where durability and safety are critical.

"Electrification of society needs everyone's contribution," said one of the corresponding authors Khalil Amine, Argonne Distinguished Fellow and Joint Professor at UChicago, "If people don't trust batteries to be safe and long-lasting, they won't choose to use them."

Why New Battery Materials Fell Short

For years, engineers have struggled with cracking in lithium ion batteries that use polycrystalline nickel rich materials (PC-NMC) in their cathodes. These materials are made of many tiny crystal grains packed together, and repeated charging and discharging can cause them to fracture. To avoid this issue, researchers began shifting toward single-crystal nickel rich layered oxides (SC-NMC), which lack those internal grain boundaries.

Despite the promise, single-crystal cathodes did not always perform as well as expected. The new study explains why. The research was led by Jing Wang during her PhD work at UChicago PME through the GRC program, under the joint supervision of Prof. Shirley Meng's Laboratory for Energy Storage and Conversion and Amine's Advanced Battery Technology team.

The team found that design rules developed for polycrystalline cathodes were being incorrectly applied to single-crystal materials. That mismatch, they discovered, was at the heart of the performance problems.




Through the GRC program and UChicago's Energy Transition Network, Wang collaborated closely with national laboratory scientists and industry partners to push the research forward.

"When people try to transition to single-crystal cathodes, they have been following similar design principles as the polycrystal ones," said Wang, now a postdoctoral researcher working with UChicago and Argonne. "Our work identifies that the major degradation mechanism of the single-crystal particles is different from the polycrystal ones, which leads to the different composition requirements."

Rethinking Battery Design and Materials

The findings challenge both traditional battery design strategies and assumptions about which elements help or hurt performance. In particular, the study reshapes the understanding of how cobalt and manganese influence mechanical failure inside batteries.

"Not only are new design strategies needed, different materials will also be required to help single-crystal cathode batteries reach their full potential," said Meng, who also directs the Energy Storage Research Alliance (ESRA) at Argonne. "By better understanding how different types of cathode materials degrade, we can help design a suite of high-functioning cathode materials for the world's energy needs."

How Cracks Form in Battery Cathodes

In polycrystalline cathodes, charging and discharging causes the stacked particles to repeatedly expand and contract. Over time, this motion can widen the boundaries between grains, much like how cycles of freezing and thawing damage road surfaces.




"Typically, it will suffer about five to 10% volume expansion or shrinkages," Wang said. "Once an expansion or shrinkage exceeds the elastic limits, it will lead to the particle cracking."

When cracks grow large enough, liquid electrolyte can seep inside. This can trigger unwanted chemical reactions and oxygen release, raising safety risks including thermal runaway. Even without dramatic failures, the gradual result is capacity loss, as batteries slowly lose their ability to hold the same amount of charge.

Single-crystal cathodes do not contain grain boundaries, so researchers initially expected them to avoid these problems. Instead, they found that degradation still occurred, but for a different reason.

A Different Failure Mode Inside Single Crystals

The Argonne and UChicago PME team showed that damage in single-crystal NMC cathodes follows a distinct mechanical failure process.

"We demonstrate that degradation in single-crystal NMC cathodes is predominantly governed by a distinct mechanical failure mode," said another corresponding author, Tongchao Liu, a chemist at Argonne. "By identifying this previously underappreciated mechanism, this work establishes a direct link between material composition and degradation pathways, providing deeper insight into the origins of performance decay in these materials."

Using multi-scale synchrotron X ray techniques and a high-resolution transmission electron microscope, the researchers observed that reactions inside single-crystal particles do not occur evenly. Different regions react at different speeds, creating internal stress within a single particle rather than stress between multiple grains.

Opposite Material Needs for Single-Crystal Batteries

In polycrystalline cathodes, engineers carefully balance nickel, manganese, and cobalt. Cobalt tends to promote cracking, but it also helps reduce a separate issue known as Li/Ni disorder.

To test how this balance changes in single-crystal materials, the team built and evaluated two experimental designs. One used nickel and cobalt with no manganese, while the other used nickel and manganese with no cobalt. The results flipped conventional thinking. In single-crystal cathodes, manganese caused more mechanical damage, while cobalt actually improved durability and extended battery life.

Cobalt remains costly compared with nickel and manganese. Wang said the next challenge is identifying more affordable materials that can deliver the same benefits cobalt provides.

"Advances come in cycles," Amine said. "You solve a problem, then move on to the next. The insights outlined in this collaborative paper will help future researchers at Argonne, UChicago PME and elsewhere create safer, longer-lasting materials for tomorrow's batteries."
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Scientists may have found the best place for humans to land on Mars | ScienceDaily
Before humans can make the long trip to another world, scientists must identify a safe and practical place to land. New research led by a University of Mississippi scientist suggests one region on Mars may meet many of the requirements for future human missions.


						
Erica Luzzi, a planetary geologist and postdoctoral researcher with the Mississippi Mineral Resources Institute, led a study that uncovered signs of water ice located just below the Martian surface. The research, published in the Journal of Geophysical Research: Planets, points to a possible local water supply that astronauts could rely on during extended stays on Mars.

"If we're going to send humans to Mars, you need H2O and not just for drinking, but for propellant and all manner of applications," Luzzi said. She carried out the work during her postdoctoral research at the Bay Area Environmental Research Institute within NASA Ames Research Center.

She explained that ice close to the surface is especially valuable because it could be accessed more easily than deeply buried deposits. This approach, known as in situ resource utilization, allows explorers to use materials already available on another planet rather than transporting everything from Earth.

Ice Just Beneath the Martian Surface

By studying high resolution orbital images, the research team examined the Martian landscape and found signs of ice less than 1 meter below the surface in Amazonis Planitia. This area lies in Mars' mid latitudes and is already being considered as a possible destination for future human landings.

"The mid-latitudes offer the perfect compromise -- they get enough sunlight for power, but they're still cold enough to preserve ice near the surface," Luzzi said. "That makes them ideal for future landing sites."

The team used images from HiRISE, the most detailed camera ever sent to another planet. These images revealed craters that expose ice, patterned ground known as polygonal terrain, and other surface features that often indicate ice just below the surface.




Why Water Ice Matters for Astronauts

Accessible water ice would allow astronauts to produce drinking water, breathable oxygen, fuel, and other essentials needed to survive and work on Mars for long periods.

"For the moon, it would take us one week, more or less, to go back and forth to Earth for resupply," said Giacomo Nodjoumi, a postdoctoral researcher at the Space Science Data Center of the Italian Space Agency and a co author of the study. "But for Mars, it would take months. So, we have to be prepared for not having resupply from Earth for extended periods of time.

"The most important resources are oxygen to breathe and water to drink. That's what makes our candidate landing site really promising."

Clues to Mars' Past and Present Habitability

The presence of ice could also help scientists search for signs of life. According to the researchers, ice has the potential to preserve evidence of biological activity.




"This also has astrobiological implications," Luzzi said. "On Earth, ice can preserve biomarkers of past life, and it can also host microbial populations. So, it could tell us if Mars was ever habitable."

Next Steps Toward Confirmation

Collecting direct samples of the ice would require sending a robotic mission to the region.

"The next step would be radar analyses to better understand the depth and patchiness of the ice," Luzzi said. "The lag deposit, material on top of the ice, might vary, which affects whether the ice is preserved.

"Understanding that will help us decide where a robotic precursor should land."

A rover or future human mission would also be needed to confirm whether the ice is made entirely of water or mixed with other materials.

"We will never be sure of something if we don't have a rover, a lander or a human to take real measurements," Nodjoumi said. "We have strong evidence to suggest that this is water ice, but until we go there and measure it, we won't be 100% sure."

Although human exploration of Mars remains years away, this research helps narrow down where astronauts might one day touch down on the Red Planet.
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Nearly 70% of U.S. adults could now be classified as obese | ScienceDaily
A newly proposed definition of obesity could significantly increase the number of Americans considered to have the condition. According to researchers at Mass General Brigham, applying updated criteria developed earlier this year by the Lancet Diabetes and Endocrinology Commission raises the estimated obesity rate in the United States from about 40 percent to nearly 70 percent. The study examined data from more than 300,000 people and found that the increase was especially pronounced among older adults. The findings also showed that many individuals newly classified under the updated definition face higher risks of serious health problems. The study was published in JAMA Network Open.


						
"We already thought we had an obesity epidemic, but this is astounding," said co-first author Lindsay Fourman, MD, an endocrinologist in the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "With potentially 70 percent of the adult population now considered to have excess fat, we need to better understand what treatment approaches to prioritize."

Why BMI Alone May Miss Health Risks

For decades, obesity has primarily been defined using body mass index (BMI), a calculation based on height and weight. While BMI offers a simple estimate, it does not capture how fat is distributed throughout the body. Other anthropomorphic measures -- including waist circumference, waist-to-height ratio, and waist-to-hip ratio -- can provide additional insight by distinguishing fat mass from muscle and identifying abdominal fat linked to disease risk.

Under the updated framework, obesity is identified in two main ways. Individuals with a high BMI plus at least one elevated anthropometric measure are classified as having obesity, a category the authors call "BMI-plus-anthropometric obesity." People with a normal BMI can also be classified as having obesity if they have at least two elevated anthropometric measures, referred to as "anthropometric-only obesity." The guidelines further separate obesity into preclinical and clinical forms, with clinical obesity defined by obesity-related physical impairment or organ dysfunction. The new standards have already been endorsed by at least 76 organizations, including the American Heart Association and The Obesity Society.

Study Data Show a Sharp Rise in Obesity Rates

Researchers analyzed participants from the National Institutes of Health All of Us Research Program, which includes more than 300,000 Americans. Using the new definition, 68.6 percent of participants met the criteria for obesity, compared with 42.9 percent under the traditional BMI-based approach. The entire increase was attributed to individuals classified as having anthropometric-only obesity. Obesity rates differed across sex and race, but age showed the largest effect, with nearly 80 percent of adults over 70 meeting the new criteria.




Higher Health Risks in Newly Identified Groups

The study also found that people with anthropometric-only obesity, who would not have been labeled as having obesity under older standards, had higher rates of diabetes, cardiovascular disease, and mortality compared with individuals without obesity. Roughly half of all participants who met the new obesity definition were categorized as having clinical obesity. This percentage was only slightly lower among those with anthropometric-only obesity than among those with BMI-plus-anthropometric obesity.

"We have always recognized the limitations of BMI as a single marker for obesity because it doesn't take into account body fat distribution," said senior author Steven Grinspoon, MD, Chief of the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "Seeing an increased risk of cardiovascular disease and diabetes in this new group of people with obesity, who were not considered to have obesity before, brings up interesting questions about obesity medications and other therapeutics."

What This Means for Treatment and Future Research

The researchers note that additional studies are needed to better understand why anthropometric-only obesity develops and which treatments may be most effective. The team has previously developed a therapy aimed at reducing waist circumference and plans to evaluate how different treatment strategies might benefit this newly defined group.

"Identifying excess body fat is very important as we're finding that even people with a normal BMI but with abdominal fat accumulation are at increased health risk," Fourman said. "Body composition matters -- it's not just pounds on a scale."

Authorship: In addition to Fourman and Grinspoon, Mass General Brigham authors include Aya Awwad, Camille A. Dash, Julia E. Johnson, Allison K. Thistle, Nikhita Chahal, Sara L. Stockman, Mabel Toribio, Chika Anekwe, and Arijeet K. Gattu. Additional authors include Alba Gutierrez-Sacristan.

Disclosures: Fourman serves as a consultant to Theratechnologies and Chiesi Farmaceutici and receives grant funding to her institution from Chiesi Farmaceutici outside of this work. Grinspoon serves as a consultant to Marathon Assets Management and Exavir Therapeutics and receives grant funding to his institution from Kowa Pharmaceuticals, Gilead Sciences, and Viiv Healthcare, unrelated to this project. For the remaining authors, no conflicts were declared.

Funding: This work was supported by the National Institutes of Health (grants K23HD100266, 1R01AG087809, T32DK007028, K23HL147799, 1R01HL173028, and P30DK040561) as well as the American Heart Association-Harold Amos Medical Research Faculty Development Program, supported by the Robert Wood Johnson Foundation, and the Robert A. Winn Excellence in Clinical Trials Award Program from the Bristol Meyers Squibb Foundation. The funding organizations played no role in the design and conduct of the study, collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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A new superconductor breaks rules physicists thought were fixed | ScienceDaily
Something unexpected is happening inside a material called platinum-bismuth-two (PtBi2). According to a new study from researchers at IFW Dresden and the Cluster of Excellence ct.qmat, this shiny gray crystal may look ordinary, but the electrons inside it behave in ways scientists have never observed before.


						
In earlier work published in 2024, the team showed that only the top and bottom surfaces of PtBi2 become superconducting, meaning electrons can pair up and flow without resistance. Their latest results reveal something even more surprising. The way these electrons pair is unlike any known superconductor. Even more intriguing, the edges surrounding these superconducting surfaces naturally host elusive Majorana particles, which are considered promising building blocks for fault-tolerant quantum bits (qubits) in future quantum computers.

How PtBi2 Becomes a Topological Superconductor

The unusual behavior of PtBi2 can be understood by breaking it into three key steps.

To begin with, certain electrons are confined strictly to the top and bottom surfaces of the crystal. This happens because of a topological property of PtBi2 that arises from how electrons interact with the material's orderly atomic structure. Topological properties are remarkably stable. They do not change unless the symmetry of the entire material is altered, either by reshaping the crystal itself or by applying an electromagnetic field.

What makes PtBi2 especially striking is that the electrons bound to the top surface are always matched by corresponding electrons on the bottom surface, regardless of how thick the crystal is. If the crystal were sliced in half, the newly exposed surfaces would immediately develop the same surface-bound electrons.

A Superconducting Surface With a Normal Interior

The second step occurs at low temperatures. The electrons confined to the surfaces begin to pair up, allowing them to move without resistance. Meanwhile, electrons inside the bulk of the material do not join this pairing and continue to behave like ordinary electrons.




This creates an unusual structure that researchers describe as a natural superconductor sandwich. The outer surfaces conduct electricity perfectly, while the interior remains a normal metal. Because the superconductivity comes from topologically protected surface electrons, PtBi2 qualifies as a topological superconductor.

Only a small number of materials are believed to host intrinsic topological superconductivity. So far, none of those candidates has been backed by consistently strong experimental evidence. PtBi2 now stands out as one of the most convincing examples yet.

A Never-Before-Seen Pattern of Electron Pairing

The final piece of the puzzle comes from exceptionally high-resolution measurements performed in Dr. Sergey Borisenko's lab at the Leibniz Institute for Solid State and Materials Research (IFW Dresden). These experiments showed that not all surface electrons participate equally in superconductivity.

Electrons moving in six specific, evenly spaced directions on the surface refuse to pair up at all. This unusual pattern reflects the three-fold rotational symmetry of how atoms are arranged on the surface of PtBi2.

In conventional superconductors, electrons pair regardless of the direction in which they travel. Some unconventional superconductors, including the well-known cuprates that operate at relatively high temperatures, show directional pairing with four-fold symmetry. PtBi2 is the first known superconductor where pairing is restricted in a six-fold symmetric pattern.




"We have never seen this before. Not only is PtBi2 a topological superconductor, but the electron pairing that drives this superconductivity is different from all other superconductors we know of," says Borisenko. "We don't yet understand how this pairing comes about."

Crystal Edges That Trap Majorana Particles

The study also confirms that PtBi2 provides a new and practical route to producing Majorana particles, which have long been sought in condensed matter physics.

"Our computations demonstrate that the topological superconductivity in PtBi2 automatically creates Majorana particles that are trapped along the edges of the material. In practice, we could artificially make step edges in the crystal, to create as many Majoranas as we want," explains Prof. Jeroen van den Brink, Director of the IFW Institute for Theoretical Solid State Physics and principal investigator of the Wurzburg-Dresden Cluster of Excellence ct.qmat.

Majorana particles come in pairs that together behave like a single electron, but individually act in fundamentally different ways. This idea of effectively splitting an electron is central to topological quantum computing, an approach designed to create qubits that are far more resistant to noise and errors.

Controlling Majoranas for Future Quantum Devices

With PtBi2's unusual superconductivity and edge-bound Majorana particles now identified, researchers are turning their attention to controlling these effects. One strategy involves thinning the material, which would alter the non-superconducting interior. This could transform it from a conducting metal into an insulator, preventing ordinary electrons from interfering with the Majoranas used as qubits.

Another approach involves applying a magnetic field. By shifting the energy levels of the electrons, a magnetic field could potentially move Majorana particles from the edges of the crystal to its corners. These capabilities would represent important steps toward using PtBi2 as a platform for future quantum technologies.
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This 100-year-old teaching method is beating modern preschools | ScienceDaily
The first nationwide randomized study of children enrolled in public Montessori preschools found that students showed stronger learning outcomes by the time they reached kindergarten. Compared with children who attended non-Montessori programs, Montessori students performed better in reading, memory, and executive function. The results also carry clear implications for education policy, since the Montessori programs produced these gains while operating at significantly lower cost. The study followed 588 children across two dozen programs in different parts of the country, underscoring the importance of tracking these outcomes through later grades and into adulthood.


						
Stronger Outcomes at Lower Cost

Researchers from the University of Virginia, the University of Pennsylvania, and the American Institutes for Research led the new national analysis. Their findings show that public Montessori preschool programs serving children ages 3 to 6 deliver stronger early learning outcomes than traditional preschool options, while also reducing costs for school districts and taxpayers. The research represents the first randomized controlled trial of public Montessori education and was published in the Proceedings of the National Academy of Sciences. Nearly 600 children were followed across 24 public Montessori programs nationwide.

By the end of kindergarten, children who were randomly selected through a lottery to attend Montessori preschools outperformed their peers in reading, executive function, short-term memory, and social understanding. At the same time, Montessori programs cost about $13,000 less per child than conventional preschool programs. This figure does not include additional savings that may come from higher teacher satisfaction and lower turnover, trends supported by other research. These results stand in contrast to earlier preschool studies, which often found short-term benefits that faded by kindergarten.

Researchers Highlight Enduring Benefits

"These findings affirm what Maria Montessori believed over a century ago -- that when we trust children to learn with purpose and curiosity, they thrive," said Angeline Lillard, Commonwealth Professor of Psychology at the University of Virginia. "Public Montessori programs are not only effective but cost-efficient."

Karen Manship, coauthor and Managing Director at the American Institutes for Research, noted that Montessori programs are already widespread in public education. "Montessori preschool programs are already being used in hundreds of U.S. public schools, and our research shows that they are having a positive impact in key areas of early learning," she said. "These findings provide valuable evidence to policymakers and educational leaders who are seeking to deliver better outcomes with increasingly limited resources."

David Loeb of the University of Pennsylvania emphasized the historical roots of the approach. "Montessori began in the low-income housing of early 20th century Rome," he said. "This research shows it still delivers on that promise for America's children today."




Key Findings From the National Trial
    	Stronger early learning: By the end of kindergarten, children in Montessori programs scored higher in reading, memory, executive function, and the ability to understand others' perspectives.
    	Sustained benefits: Unlike many preschool programs where early gains fade, Montessori students continued to improve relative to their peers over time.
    	Cost savings: Compared with traditional public preschool, Public Montessori programs cost $13,000 less per child across the three years from ages 3-6. Savings were driven largely by efficient classroom structures, including the benefits of mixed-age learning.
    	Teacher morale and retention: Actual savings may be even greater, since prior evidence shows Montessori teachers tend to report higher job satisfaction and lower turnover.
    	Benefits for all children: While the strongest effects were seen among children from lower-income families, children from all backgrounds experienced positive outcomes. This aligns with Montessori's original goal of serving underserved communities.

A Century-Old Model With Modern Impact

Dr. Maria Montessori opened her first classroom in 1907 in the working-class neighborhoods of Rome, introducing an educational approach built around children's natural motivation to learn. Today, more than 600 public schools in the United States offer Montessori education. This national study reinforces the idea that Montessori's century-old model remains a powerful tool for early education, producing lasting benefits for children and communities.

The findings are especially relevant for policymakers, since they show that public Montessori programs can deliver stronger outcomes while lowering costs. Additional research also points to improved teacher morale and retention in Montessori settings.

The paper's coauthors include researchers from the American Institutes for Research (Juliette Berg, Maya Escueta, Alison Hauser) and University of Virginia graduate student Emily Daggett.
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Eating more vitamin C can physically change your skin | ScienceDaily
Scientists at the University of Otago, Faculty of Medicine -- Christchurch Otautahi, have identified a direct connection between how much vitamin C people eat and how well their skin produces collagen and renews itself. The findings show that skin health responds measurably to dietary vitamin C, not just topical treatments.


						
Published in the Journal of Investigative Dermatology, the research found that vitamin C levels in the skin closely mirror levels in the blood (plasma). Increasing intake through vitamin C rich foods was shown to raise both blood and skin concentrations.

Eating Vitamin C Raises Skin Levels and Thickness

The study followed 24 healthy adults in Aotearoa New Zealand and Germany. Participants who raised their plasma vitamin C levels by eating two vitamin C rich SunGoldTM kiwifruit each day showed a clear increase in vitamin C within their skin. This increase was associated with thicker skin (collagen production) and greater renewal of the outer skin layer.

Lead author Professor Margreet Vissers from Matai Haora -- Centre for Redox Biology and Medicine within the Department of Pathology and Molecular Medicine described the results as striking.

The strength of the association between skin thickness and vitamin C intake is "compelling," she explained.

Vitamin C Moves From Blood to Skin

According to Professor Vissers, the relationship between blood vitamin C and skin vitamin C stood out compared to other organs.




"We were surprised by the tight correlation between plasma vitamin C levels and those in the skin -- this was much more marked than in any other organ we have investigated," she says.

The research team also found that vitamin C circulating in the bloodstream reaches every layer of the skin and supports healthier skin function.

"We are the first to demonstrate that vitamin C in the blood circulation penetrates all layers of the skin and is associated with improved skin function. I am very proud of my team and excited about what the data is telling us."

Why Diet Matters More Than Creams

Professor Vissers says the findings reinforce the idea that skin health begins internally, with nutrients delivered naturally through the bloodstream.

Vitamin C is essential for collagen production, which is why it is commonly added to skincare products. However, vitamin C dissolves easily in water and does not absorb well through the outer skin barrier. The study showed that skin cells are highly efficient at absorbing vitamin C from the blood, with uptake into the outer epidermal layer appearing to be a priority.




How the Study Was Conducted

The research was funded by New Zealand company Zespri International along with a University of Otago Research Grant and included two phases. The first phase examined the relationship between plasma and skin vitamin C levels using healthy skin tissue from patients undergoing elective surgical procedures at Te Whatu Ora Canterbury (with support from the Otago campus's He Taonga Tapu -- Canterbury Cancer Society Tissue Bank).

The second phase involved a controlled dietary intervention carried out in Christchurch and Germany. Each location included 12 healthy participants.

Eight Weeks of Dietary Change

Participants were asked to eat two Kiwi Gold kiwifruit daily for eight weeks. This provided the equivalent of 250 micrograms of vitamin C.

"All were instructed to consume two Kiwi Gold kiwifruit daily -- the equivalent of 250 micrograms of vitamin C -- for eight weeks. We then collected skin samples before and after the intervention, with separate analyses allowing us to look at the skin basal layers in Christchurch and the outer dermal skin layer and skin function tests in Germany," Professor Vissers explains.

German participants were recruited and tested by the SGS Institute Fresenius in Hamburg, which has the technical capability to collect samples from the outer dermal skin layer (the blister "roof"). The institute evaluated skin regeneration using ultrasound measurements of skin thickness, elasticity UV protection and epidermal cell renewal to assess overall skin function.

Clear Gains in Collagen and Skin Renewal

One of the most significant findings was a measurable rise in skin thickness among participants, indicating increased collagen production along with faster regeneration of epidermal cells.

"The other really substantial finding showed a significant increase in the participants' skin thickness levels, reflecting collagen production and an upsurge in the regeneration of their epidermal cells, in other words skin renewal," Professor Vissers says.

Other Vitamin C Foods Likely Offer Similar Benefits

SunGold kiwifruit was selected for the study because of its consistently high vitamin C content. However, the researchers expect similar benefits from other vitamin C rich foods, especially fresh fruits and vegetables such as citrus, berries, capsicums and broccoli.

"We suggest that increasing your dietary vitamin C intake will result in effective vitamin C uptake into all compartments of the skin," Professor Vissers says.

Daily Intake Is Key

Maintaining steady vitamin C levels in the blood is essential, since the body does not store the vitamin long term. Professor Vissers notes that healthy individuals can reach optimal plasma levels with about 250mg of vitamin C per day.

"The important thing is to keep your plasma levels optimal, which we know can be easily achieved in a healthy person with a vitamin C intake of around 250mg per day. The body however does not store the vitamin, so we recommend 5+ a day, every day, with one of those five being a high vitamin C food, as a good habit to cultivate."
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This tiny chip could change the future of quantum computing | ScienceDaily
Researchers have achieved a significant step forward in quantum computing by developing a device that is almost 100 times thinner than the width of a human hair. The work, published in the journal Nature Communications, introduces a new type of optical phase modulator designed to precisely control laser light. This capability is essential for running future quantum computers that may rely on thousands or even millions of qubits -- the fundamental units used to store and process quantum information.


						
Just as important as its size is how the device is made. Instead of relying on custom-built laboratory equipment, the researchers used scalable manufacturing methods similar to those that produce the processors found in computers, smartphones, vehicles, and household appliances -- essentially any technology powered by electricity (even toasters). This approach makes the device far more practical to produce in large numbers.

A Tiny Device Built for Real-World Scale

The research was led by Jake Freedman, an incoming PhD student in the Department of Electrical, Computer and Energy Engineering, alongside Matt Eichenfield, professor and Karl Gustafson Endowed Chair in Quantum Engineering. The team also collaborated with scientists from Sandia National Laboratories, including co-senior author Nils Otterstrom. Together, they created a device that combines small size, high performance, and low cost, making it suitable for mass production.

At the heart of the technology are microwave-frequency vibrations that oscillate billions of times per second. These vibrations allow the chip to manipulate laser light with remarkable precision.

By directly controlling the phase of a laser beam, the device can generate new laser frequencies that are both stable and efficient. This level of control is a key requirement not only for quantum computing, but also for emerging fields such as quantum sensing and quantum networking.

Why Quantum Computers Need Ultra-Precise Lasers

Some of the most promising quantum computing designs use trapped ions or trapped neutral atoms to store information. In these systems, each atom acts as a qubit. Researchers interact with these atoms by directing carefully tuned laser beams at them, effectively giving instructions that allow calculations to take place. For this to work, each laser must be adjusted with extreme precision, sometimes to within billionths of a percent.




"Creating new copies of a laser with very exact differences in frequency is one of the most important tools for working with atom- and ion-based quantum computers," Freedman said. "But to do that at scale, you need technology that can efficiently generate those new frequencies."

Currently, these precise frequency shifts are produced using large, table-top devices that require substantial microwave power. While effective for small experiments, these systems are impractical for the massive number of optical channels needed in future quantum computers.

"You're not going to build a quantum computer with 100,000 bulk electro-optic modulators sitting in a warehouse full of optical tables," Eichenfield said. "You need some much more scalable ways to manufacture them that don't have to be hand-assembled and with long optical paths. While you're at it, if you can make them all fit on a few small microchips and produce 100 times less heat, you're much more likely to make it work."

Lower Power Use, Less Heat, More Qubits

The new device generates laser frequency shifts through efficient phase modulation while using about 80 times less microwave power than many existing commercial modulators. Lower power consumption means less heat, which allows more channels to be packed closely together, even onto a single chip.

Taken together, these advantages transform the chip into a scalable system capable of coordinating the precise interactions atoms need to perform quantum calculations.




Built With the Same Technology as Modern Microchips

One of the project's most important achievements is that the device was manufactured entirely in a fabrication facility, or fab, the same type of environment used to produce advanced microelectronics.

"CMOS fabrication is the most scalable technology humans have ever invented," Eichenfield said.

"Every microelectronic chip in every cell phone or computer has billions of essentially identical transistors on it. So, by using CMOS fabrication, in the future, we can produce thousands or even millions of identical versions of our photonic devices, which is exactly what quantum computing will need."

According to Otterstorm, the team took modulator technologies that were once bulky, expensive, and power intensive and redesigned them to be smaller, more efficient, and easier to integrate.

"We're helping to push optics into its own 'transistor revolution,' moving away from the optical equivalent of vacuum tubes and towards scalable integrated photonic technologies," Otterstorm said.

Toward Fully Integrated Quantum Photonic Chips

The researchers are now working on fully integrated photonic circuits that combine frequency generation, filtering, and pulse shaping on a single chip. This effort moves the field closer to a complete, operational quantum photonic platform.

Next, the team plans to partner with quantum computing companies to test these chips inside advanced trapped-ion and trapped-neutral-atom quantum computers.

"This device is one of the final pieces of the puzzle," Freedman said. "We're getting close to a truly scalable photonic platform capable of controlling very large numbers of qubits."

The project received support from the U.S. Department of Energy through the Quantum Systems Accelerator program, a National Quantum Initiative Science Research Center.
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Something fundamental about black holes may be changing | ScienceDaily
An international group of astronomers has uncovered strong evidence suggesting that the material surrounding supermassive black holes has not remained the same throughout the history of the universe. The findings indicate that the structure and behavior of this matter may have shifted over billions of years.


						
Led by researchers at the National Observatory of Athens, the study was published in Monthly Notices of the Royal Astronomical Society. If confirmed, the results would challenge a foundational idea in astronomy that has guided research for nearly 50 years.

What Makes Quasars So Bright

Quasars, first identified in the 1960s, rank among the most luminous objects known. They shine so intensely because they are powered by supermassive black holes pulling in surrounding matter. As this material spirals inward under immense gravity, it forms a rotating, disk-shaped structure before falling into the black hole.

Friction within this disk heats the matter to extreme temperatures. As a result, it can emit 100 to 1,000 times more light than an entire galaxy made up of about 100 billion stars. This overwhelming brightness allows quasars to outshine their host galaxies and makes them visible to telescopes across vast cosmic distances.

From Ultraviolet Light to Powerful X-Rays

The glowing disk around a black hole produces enormous amounts of ultraviolet light. Scientists believe this light plays a key role in generating the even more energetic X-rays emitted by quasars. As ultraviolet rays travel outward, they pass through clouds of highly energized particles located very close to the black hole, a region known as the "corona."

When ultraviolet light interacts with these particles, it gains energy and transforms into intense X-ray radiation. These X-rays can then be detected by space-based observatories.




A Long-Standing Cosmic Relationship Under Question

Because both types of light originate near the same black hole, astronomers have long known that ultraviolet and X-ray emissions from quasars are closely linked. Typically, brighter ultraviolet light goes hand in hand with stronger X-ray output. This relationship, identified almost five decades ago, has offered critical clues about the physical conditions near supermassive black holes.

The new study challenges the assumption that this connection is universal. That assumption suggests that the structure of matter around black holes is essentially the same everywhere and at all times in the universe.

Instead, the researchers found that when the universe was younger (about half its present age), the relationship between ultraviolet and X-ray light looked noticeably different from what astronomers see in nearby quasars today. This points to changes in how the accretion disk and corona interact over roughly the last 6.5 billions of years.

"Confirming a non-universal X-ray-to-ultraviolet relation with cosmic time is quite surprising and challenges our understanding of how supermassive black holes grow and radiate," said Dr. Antonis Georgakakis, one of the study's authors.

"We tested the result using different approaches, but it appears to be persistent."

How the Researchers Made the Discovery




To reach their conclusions, the team combined fresh X-ray observations from the eROSITA X-ray telescope with archival data from the European Space Agency's XMM-Newton X-ray observatory. Together, these datasets allowed scientists to analyze the X-ray and ultraviolet emissions of an exceptionally large sample of quasars.

The broad and consistent sky coverage provided by eROSITA proved especially important. It enabled the team to examine quasar populations on a scale that was not possible before.

Why the Findings Matter for Cosmology

The idea that the ultraviolet and X-ray relationship in quasars is universal underlies some methods that use quasars as (standard candles) to map the shape of the universe and study dark matter and dark energy. The new results suggest scientists need to be cautious, since the assumption of an unchanging black hole environment over cosmic time may not hold.

"The key advance here is methodological," said postdoctoral researcher Maria Chira of the National Observatory of Athens, who led the study.

"The eROSITA survey is vast but relatively shallow -- many quasars are detected with only a few X-ray photons. By combining these data in a robust Bayesian statistical framework, we could uncover subtle trends that would otherwise remain hidden."

What Comes Next

Upcoming eROSITA all-sky scans will allow astronomers to observe even fainter and more distant quasars. By combining these future observations with next-generation X-ray and multiwavelength surveys, researchers hope to determine whether the observed changes reflect real physical evolution or are influenced by how the data were collected.

These efforts promise deeper insight into how supermassive black holes power the brightest objects in the universe and how their behavior has transformed over cosmic time.
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This strange magnetism could power tomorrow's AI | ScienceDaily
An international research team from NIMS, The University of Tokyo, Kyoto Institute of Technology, and Tohoku University has shown that ultra-thin films of ruthenium dioxide (RuO2) display altermagnetism. This property defines what scientists now recognize as a third fundamental category of magnetic materials. Altermagnets are drawing growing interest because they could overcome key limitations of today's magnetic memory technologies and enable faster, more compact data storage.


						
The researchers also found that the performance of RuO2 thin films can be improved by carefully controlling how their crystal structure is oriented during fabrication. Their findings were published in Nature Communications.

Why Scientists Are Searching for New Magnetic Materials

Ruthenium dioxide (RuO2) has long been considered a promising candidate for altermagnetism, a recently proposed form of magnetism that differs from conventional types. Standard ferromagnetic materials used in memory devices allow data to be written easily using external magnetic fields. However, they are vulnerable to interference from stray magnetic fields, which can cause errors and limit how densely information can be stored.

Antiferromagnetic materials offer much better resistance to external magnetic disturbances. The challenge is that their internal magnetic spins cancel each other out, making it difficult to read stored information using electrical signals. As a result, scientists have been searching for materials that combine magnetic stability with electrical readability and, ideally, the ability to be rewritten. While altermagnets promise this balance, experimental results for RuO2 have varied widely around the world. Progress has also been slowed by the difficulty of producing high-quality thin films with a consistent crystallographic orientation.

How the Team Verified Altermagnetism

The research team overcame these obstacles by successfully creating RuO2 thin films with a single crystallographic orientation on sapphire substrates. By carefully choosing the substrate and fine-tuning the growth conditions, they were able to control how the crystal structure formed.




Using X-ray magnetic linear dichroism, the researchers mapped the spin arrangement and magnetic order in the films, confirming that the overall magnetization (N-S poles) cancels out. They also detected spin-split magnetoresistance, meaning the electrical resistance changes depending on the spin direction. This effect provided electrical evidence of a spin-split electronic structure.

The experimental results matched first-principles calculations of magneto-crystalline anisotropy, confirming that the RuO2 thin films truly exhibit altermagnetism (see Figure). Together, these findings strongly support the potential of RuO2 thin films for next-generation high-speed, high-density magnetic memory devices.

Toward Faster and More Efficient Memory Devices

Building on this work, the team plans to develop advanced magnetic memory technologies based on RuO2 thin films. These devices could support faster and more energy-efficient information processing by taking advantage of the natural speed and density offered by altermagnetic materials.

The synchrotron-based magnetic analysis methods established during the study are also expected to help researchers identify and study other altermagnetic materials. This approach could accelerate progress in spintronics and open new pathways for future electronic devices.

Research Team and Funding

This project was conducted by a research group led by Zhenchao Wen (Senior Researcher, Spintronics Group (SG), Research Center for Magnetic and Spintronic Materials (CMSM), NIMS), Cong He (Postdoctoral Researcher, SG, CMSM, NIMS at the time of the research), Hiroaki Sukegawa (Group Leader, SG, CMSM, NIMS), Seiji Mitani (Managing Researcher, SG, CMSM, NIMS), Tadakatsu Ohkubo (Deputy Director, CMSM, NIMS), Jun Okabayashi (Associate Professor, School of Science, The University of Tokyo), Yoshio Miura (Professor, Kyoto Institute of Technology), and Takeshi Seki (Professor, Tohoku University).

The work was supported by the JSPS Grants-in-Aid for Scientific Research (grant numbers: 22H04966, 24H00408), the MEXT Initiative to Establish Next-Generation Novel Integrated Circuits Centers (X-NICS) (grant number: JPJ011438), the GIMRT Program of the Institute for Materials Research, Tohoku University, and the Cooperative Research Projects of the Research Institute of Electrical Communication, Tohoku University.

The study was published online in Nature Communications on September 24, 2025.
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Scientists replayed evolution and found a surprise | ScienceDaily
All living things must survive in environments that are constantly changing. Seasons shift from summer to winter, and weather patterns can swing from floods one year to drought the next. Populations of plants and animals are always dealing with new pressures, explains University of Vermont scientist Csenge Petak. What remains unclear is how this ongoing instability shapes evolution over time.


						
Petak wondered whether frequent environmental changes actually help populations adapt by preparing them for future challenges, or whether constant disruption slows progress. "Do populations benefit from lots of environmental fluctuations, making new generations more prepared to face future changes," she asked, "or are they impaired, forced to readapt again and again, never reaching the heights of fitness that the same populations in a stable environment could achieve?"

Simulating Evolution Across Generations

To investigate this question, Petak teamed up with University of Vermont computer scientist Lapo Frati, along with two other UVM researchers and a collaborator from the University of Cambridge. Together, they designed a groundbreaking study using advanced computer simulations that followed thousands of generations of digital organisms.

The findings, published December 15 in the Proceedings of the National Academy of Sciences (PNAS), challenged simple assumptions about evolution. "We found remarkable variation in how populations evolved in variable environments," the researchers reported. "In some cases, changing the environment helped populations find higher fitness peaks; in others, it hindered them."

Impossible to Test in a Lab

Traditional evolutionary research often tracks a single population living under one set of conditions. Frati explains that this narrow focus can miss important patterns. "Researchers often watch the long-term trajectory of one population in a specific environment, says Frati. "We picked an array of environments and see how the specifics of each one influence the trajectory of many populations."

To see why this broader approach matters, consider fruit flies living in very different parts of the world. A population in the United States might experience seasonal temperature swings, while another in Kenya alternates between long dry spells and heavy rainfall. These groups belong to the same species, yet they face very different challenges.




"Temperature fluctuations might promote better adaptation to both cold and warm seasons," Petak explains. "But repeated cycling between dry and wet seasons might actually impede adaptation to drought, forcing the population to 'restart' evolution after they experience a long period of rainfall -- leading to worse traits than in populations exposed only to drought." As a result, one population may benefit from environmental shifts while another is held back by them.

Why History Matters in Evolution

Senior author Melissa Pespeni, a biology professor at UVM, says the study's scale made these insights possible. "What's exciting about this study is that we replayed evolution hundreds of times. This gave us a bird's-eye view of how evolution played out across many different environments -- something that would be impossible to test in the lab," she said.

One major conclusion stood out. "The biggest takeaway for me is that starting point really matters. A population's history shapes how high it can climb and how hard the path is to get there, which means we can't assume one population represents an entire species."

Why These Findings Matter Now

The results have important implications for real-world problems. Scientists need to know whether plants and animals can adapt quickly enough to survive accelerating climate change. At the same time, bacteria continually evolve resistance to antibiotics, posing a growing threat to human health.




Despite this complexity, research often focuses on just one population under one type of environmental stress. Broad conclusions are then drawn about how a species will respond to change. Petak argues that this approach can be misleading. "Computational models, like ours, can be used to formulate new hypotheses about real biological populations," she says.

Testing Evolution in 105 Different Environments

In their simulations, the researchers created artificial organisms and exposed them to a wide range of shifting conditions. These digital environments reflected natural patterns such as temperature cycles and alternating periods of drought and rainfall.

"What is new in our work," Petak explains, "is that instead of studying evolution in just one variable environment, we created 105 different variable environments. This allowed us to systematically compare how populations evolve across many distinct scenarios."

AI Implications

The findings also extend beyond biology and may help inform research in artificial intelligence. Many AI systems struggle to learn new tasks without losing skills they already acquired. Co-author and UVM computer scientist Nick Cheney sees strong parallels between this challenge and evolutionary dynamics.

"AI systems have traditionally been built narrowly around solving one specific question," Cheney says. Newer approaches aim to build systems that keep learning over time. A growing field known as online continual learning, he adds, "beautifully mirror the ideas explored in this paper around how evolution, learning, and development engage with -- and benefit from -- variable and dynamic environments."

Learning How to Learn

For Frati, the broader message applies to learning systems of all kinds. "My research is about meta-learning, the capability of systems to learn to learn." he says. Just as an AI cannot be evaluated based on a single task, evolution cannot be fully understood by studying one environment alone.

The study highlights the importance of testing systems across many comparable but distinct conditions when evaluating evolvability, which Frati describes as the ability of a system to evolve to evolve.

At its core, the research shows that evolution is shaped not just by change itself, but by the order, type, and history of those changes. As Petak puts it, "Our results show that the choice of variable environment," she says, "can strongly influence the outcome."
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Mars dust storms are crackling with electricity | ScienceDaily
Mars is constantly swept by winds that lift fine dust into spinning whirlwinds known as dust devils. While studying two of these storms, the microphone on the SuperCam instrument aboard NASA's Perseverance rover unexpectedly picked up unusually strong signals. This microphone was the first ever used on Mars. Scientists later realized that the sounds came from the very center of the dust devils.


						
Researchers from the Institut de recherche en astrophysique et planetologie (CNES/CNRS/Universite de Toulouse) and the laboratoire Atmospheres et observations spatiales (CNRS/Sorbonne Universite/Universite de Versailles Saint-Quentin-en-Yvelines) analyzed the recordings and identified them as both electromagnetic and acoustic signals created by electric discharges. These discharges are similar to the mild static shocks people sometimes feel on Earth after touching a metal object in dry conditions. Although scientists had predicted such activity for decades, this marks the first time electric discharges in the Martian atmosphere have been directly observed.

How Dust Creates Electricity on Mars

The sparks form when countless tiny dust grains collide and rub against one another. This friction causes the particles to collect electrical charges, which are eventually released as short electric arcs only a few centimeters long. These tiny bursts of electricity also generate small shock waves that can be heard.

On Earth, dust particles are known to build up electric charges, especially in deserts, but this process rarely leads to visible or measurable discharges. Mars, however, provides a much more favorable environment. Its atmosphere is extremely thin and composed mostly of carbon dioxide, which means far less electrical charge is needed to trigger sparks than on Earth.

Why These Sparks Matter for Mars Chemistry

The discovery has major implications for how scientists understand the chemistry of Mars' atmosphere. The presence of electric discharges shows that the atmosphere can reach charge levels high enough to speed up the creation of highly oxidizing compounds. These reactive substances can break down organic molecules on the surface and alter many atmospheric chemicals.




This process may help explain a long standing mystery on Mars: the rapid disappearance of methane. Methane has been detected repeatedly, but it vanishes faster than existing models can explain. Electrically driven chemical reactions could be destroying it more quickly than expected.

Impacts on Climate and Future Missions

Electrical charging inside dust storms may also influence how dust moves across the planet. Since dust plays a key role in shaping Martian weather and climate, these effects could be central to understanding atmospheric behavior that remains poorly understood.

There are also practical concerns. Electrical discharges could interfere with sensitive electronics aboard robotic spacecraft and may pose hazards for future human missions if not properly managed.

Listening to Mars for New Discoveries

The SuperCam microphone aboard NASA's Perseverance rover recorded the first ever sounds from Mars in 2021, just one day after landing. Operating daily since then, it has captured more than 30 hours of audio from the planet, including wind gusts, the spinning blades of the Ingenuity helicopter, and now the sounds linked to electric discharges.

These findings highlight how powerful sound recordings can be for exploring other worlds. By listening closely, scientists are uncovering hidden processes that would otherwise remain invisible.
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MIT just made aluminum 5x stronger with 3D printing | ScienceDaily
MIT engineers have created a new aluminum alloy that can be 3D printed, tolerates extreme heat, and reaches strength levels far beyond conventional aluminum. Tests show the material is five times stronger than aluminum made using standard manufacturing techniques.


						
The alloy is produced by combining aluminum with several other elements, chosen through a process that blends computer simulations with machine learning. This approach dramatically narrowed the search for the right recipe. Traditional methods would have required evaluating more than 1 million possible material combinations, but the machine learning model reduced that number to just 40 promising options before identifying the optimal formula.

When the researchers printed the alloy and put it through mechanical testing, the results matched their predictions. The printed metal performed on par with the strongest aluminum alloys currently produced through traditional casting.

A Lighter Metal With Big Industrial Potential

The team believes the new printable aluminum could lead to stronger, lighter, and more heat-resistant components, including fan blades for jet engines. Today, those blades are typically made from titanium -- which is more than 50 percent heavier and can cost up to 10 times more than aluminum -- or from advanced composite materials.

"If we can use lighter, high-strength material, this would save a considerable amount of energy for the transportation industry," says Mohadeseh Taheri-Mousavi, who led the research as a postdoc at MIT and is now an assistant professor at Carnegie Mellon University.

John Hart, the Class of 1922 Professor and head of MIT's Department of Mechanical Engineering, says the benefits extend well beyond aviation. "Because 3D printing can produce complex geometries, save material, and enable unique designs, we see this printable alloy as something that could also be used in advanced vacuum pumps, high-end automobiles, and cooling devices for data centers."

Details of the work appear in the journal Advanced Materials. MIT co-authors include Michael Xu, Clay Houser, Shaolou Wei, James LeBeau, and Greg Olson, with additional collaborators Florian Hengsbach and Mirko Schaper of Paderborn University in Germany, and Zhaoxuan Ge and Benjamin Glaser of Carnegie Mellon University.




From Classroom Challenge to Materials Breakthrough

The project traces its roots to an MIT course Taheri-Mousavi took in 2020, taught by Greg Olson, professor of the practice in the Department of Materials Science and Engineering. The class focused on using computational simulations to design high-performance alloys. Alloys are made by combining multiple elements, and the specific mix determines strength and other key properties.

Olson challenged students to develop a printable aluminum alloy stronger than any that existed at the time. Aluminum's strength depends heavily on its microstructure, particularly the size and density of tiny internal features called "precipitates." Smaller, more closely packed precipitates generally result in a stronger metal.

Students used simulations to test different combinations of elements and concentrations, attempting to predict which mixtures would produce the strongest alloy. Despite extensive modeling, the effort did not outperform existing printable aluminum designs. That outcome prompted Taheri-Mousavi to consider a different approach.

"At some point, there are a lot of things that contribute nonlinearly to a material's properties, and you are lost," Taheri-Mousavi says. "With machine-learning tools, they can point you to where you need to focus, and tell you for example, these two elements are controlling this feature. It lets you explore the design space more efficiently."

Using Machine Learning to Redesign Aluminum

In the new study, Taheri-Mousavi picked up where the class project ended, applying machine learning methods to search for a stronger aluminum alloy. These tools sifted through data on elemental properties to uncover patterns and relationships that traditional simulations often miss.




By analyzing only 40 candidate compositions, the machine learning system identified an alloy design with a much higher proportion of small precipitates than previous attempts. This structure translated directly into greater strength, surpassing results obtained from more than 1 million simulations conducted without machine learning.

To actually create the alloy, the researchers turned to 3D printing rather than conventional casting, which involves pouring molten aluminum into a mold and allowing it to cool slowly. Longer cooling times allow precipitates to grow larger, which reduces strength.

The team showed that additive manufacturing, also known as 3D printing, allows the metal to cool and solidify much faster. They focused on laser bed powder fusion (LBPF), a process in which layers of metal powder are selectively melted by a laser and rapidly solidify before the next layer is added. This rapid freezing preserves the fine precipitate structure predicted by the machine learning model.

"Sometimes we have to think about how to get a material to be compatible with 3D printing," says Hart. "Here, 3D printing opens a new door because of the unique characteristics of the process -- particularly, the fast cooling rate. Very rapid freezing of the alloy after it's melted by the laser creates this special set of properties."

Testing Confirms Record Strength

To validate their design, the researchers ordered a batch of printable metal powder based on the new alloy formula. The powder -- made from aluminum combined with five additional elements -- was sent to collaborators in Germany, who printed small test samples using their LPBF equipment.

Those samples were then shipped back to MIT for mechanical testing and microscopic analysis. The results confirmed the machine learning predictions. The printed alloy was five times stronger than a cast version of the same material and 50 percent stronger than aluminum alloys designed using conventional simulations alone.

Microscopic imaging revealed a dense population of small precipitates, and the alloy remained stable at temperatures up to 400 degrees Celsius -- an unusually high threshold for aluminum-based materials.

The research team is now applying the same machine learning techniques to refine other properties of the alloy.

"Our methodology opens new doors for anyone who wants to do 3D printing alloy design," Taheri-Mousavi says. "My dream is that one day, passengers looking out their airplane window will see fan blades of engines made from our aluminum alloys."
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The brain has a hidden language and scientists just found it | ScienceDaily
Scientists have developed a protein that can record the chemical messages brain cells receive, rather than focusing only on the signals they send out. These incoming signals are created when neurons release glutamate, a neurotransmitter that plays a vital role in brain communication. Although glutamate is essential for processes like learning and memory, its activity has been extremely difficult to measure because the signals are faint and happen very quickly.


						
This new tool makes it possible to detect those subtle chemical messages as they arrive, giving researchers access to a part of brain communication that has long been hidden.

Why this discovery matters

Being able to observe incoming signals allows scientists to study how neurons process information. Each brain cell receives thousands of inputs, and how it combines those signals determines whether it produces an output. This process is thought to underlie decisions, thoughts, and memories, and studying it directly could help explain how the brain performs complex computations.

The advance also opens new paths for disease research. Problems with glutamate signaling have been linked to conditions such as Alzheimer's disease, schizophrenia, autism, epilepsy, and others. By measuring these signals more precisely, researchers may be able to identify the biological roots of these disorders.

Drug development could also benefit. Pharmaceutical companies can use these sensors to see how experimental treatments affect real synaptic activity, which may help speed up the search for more effective therapies.

Introducing a powerful glutamate sensor

The protein was engineered by researchers at the Allen Institute and HHMI's Janelia Research Campus. Known as iGluSnFR4 (pronounced 'glue sniffer'), it acts as a molecular "glutamate indicator." Its sensitivity allows it to detect even the weakest incoming signals exchanged between neurons.




By revealing when and where glutamate is released, iGluSnFR4 provides a new way to interpret the complex patterns of brain activity that support learning, memory, and emotion. It gives scientists the ability to watch neurons communicate inside the brain in real time. The findings were recently published in Nature Methods and could significantly change how neural activity is measured and analyzed in neuroscience research.

How brain cells communicate

To understand the impact of this advance, it helps to look at how neurons interact. The brain contains billions of neurons that communicate by sending electrical signals along branch-like structures called axons. When an electrical signal reaches the end of an axon, it cannot cross the small gap to the next neuron, which is known as a synapse.

Instead, the signal triggers the release of neurotransmitters into the synapse. Glutamate is the most common of these chemical messengers and plays a key role in memory, learning, and emotion. When glutamate reaches the next neuron, it can cause that cell to fire, continuing the chain of communication.

From fragments to the full conversation

This process can be compared to falling dominos, but it is far more complex. Each neuron receives input from thousands of others, and only certain combinations and patterns of activity will trigger the receiving neuron to fire. With this new protein sensor, scientists can now identify which patterns of incoming activity lead to that response.




Until now, observing these incoming signals in living brain tissue was nearly impossible. Previous technologies were too slow or lacked the sensitivity needed to measure activity at individual synapses. As a result, researchers could only see pieces of the communication process rather than the full exchange. This new approach allows them to capture the entire conversation.

Making sense of neural connections

"It's like reading a book with all the words scrambled and not understanding the order of the words or how they're arranged," said Kaspar Podgorski, Ph.D., a lead author of the study and senior scientist at the Allen Institute. "I feel like what we're doing here is adding the connections between those neurons and by doing that, we now understand the order of the words on the pages, and what they mean."

Before protein sensors like iGluSnFR4 were available, researchers could only measure outgoing signals from neurons. This left a major gap in understanding, since the incoming signals were too fast and too faint to detect.

"Neuroscientists have pretty good ways of measuring structural connections between neurons, and in separate experiments, we can measure what some of the neurons in the brain are saying, but we haven't been good at combining these two kinds of information. It's hard to measure what neurons are saying to which other neurons," Podgorski said. "What we have invented here is a way of measuring information that comes into neurons from different sources, and that's been a critical part missing from neuroscience research."

Collaboration behind the breakthrough

"The success of iGluSnFR4 stems from our close collaboration started at HHMI's Janelia Research Campus between the GENIE Project team and Kaspar's lab. That research has extended to the phenomenal in vivo characterization work done by the Allen Institute's Neural Dynamics group," said Jeremy Hasseman, Ph.D., a scientist with HHMI's Janelia Research Campus. "This was a great example of collaboration across labs and institutes to enable new discoveries in neuroscience."

A new window into brain function

This discovery overcomes a major limitation in modern neuroscience by making it possible to directly observe how neurons receive information. With iGluSnFR4 now available to researchers through Addgene, scientists have a powerful new tool to explore brain function in greater detail. As this technology spreads, it may help reveal answers to some of the brain's most enduring questions.
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ADHD drugs don't work the way we thought | ScienceDaily
Prescription stimulant drugs such as Ritalin and Adderall are commonly used to treat attention deficit hyperactivity disorder (ADHD), including among children. In the United States, an estimated 3.5 million children ages 3 to 17 take medication for ADHD. That number has risen as diagnoses of the neurodevelopmental disorder have become more common.


						
For decades, stimulant medications have been thought to work by directly influencing brain regions responsible for attention. New research from Washington University School of Medicine in St. Louis calls that explanation into question. The study was led by Benjamin Kay, MD, PhD, an assistant professor of neurology, and Nico U. Dosenbach, MD, PhD, the David M. & Tracy S. Holtzman Professor of Neurology. Their findings suggest that these medications primarily affect brain systems involved in reward and wakefulness rather than the networks traditionally linked to attention.

Published Dec. 24 in Cell, the study indicates that stimulants may improve performance by making people with ADHD feel more alert and more interested in what they are doing. Instead of directly sharpening focus, the drugs appear to increase engagement with tasks. The researchers also observed brain activity patterns that resembled the effects of a good night's sleep, counteracting the typical brain changes associated with sleep deprivation.

"I prescribe a lot of stimulants as a child neurologist, and I've always been taught that they facilitate attention systems to give people more voluntary control over what they pay attention to," said Kay, who treats patients at St. Louis Children's Hospital. "But we've shown that's not the case. Rather, the improvement we observe in attention is a secondary effect of a child being more alert and finding a task more rewarding, which naturally helps them pay more attention to it."

Kay said the results emphasize the need to consider sleep quality alongside medication when children are being evaluated for ADHD.

Brain imaging reveals unexpected patterns

To examine how stimulants affect the brain, the researchers analyzed resting state functional MRI, or fMRI, data from 5,795 children ages 8 to 11 who took part in the Adolescent Brain Cognitive Development (ABCD) Study. Resting state fMRI measures brain activity when a person is not performing a specific task. The ABCD study is a long term, multisite project following the brain development of more than 11,000 children across the U.S., including a site at WashU Medicine.




The team compared brain connectivity in children who took prescription stimulants on the day of their scan with those who did not. Children who had taken stimulants showed stronger activity in brain regions associated with arousal and wakefulness, as well as areas involved in predicting how rewarding an activity might be. In contrast, the scans did not show notable increases in regions classically tied to attention.

Adult experiment confirms the findings

The researchers tested their results in a smaller study involving five healthy adults without ADHD who did not normally take stimulant medications. Each participant underwent resting state fMRI scans before and after taking a stimulant dose. This allowed the team to precisely track changes in brain connectivity. Once again, the medications activated reward and arousal networks rather than attention networks.

"Essentially, we found that stimulants pre-reward our brains and allow us to keep working at things that wouldn't normally hold our interest -- like our least favorite class in school, for example," Dosenbach said. He explained that instead of directly activating attention centers, stimulants make tasks that are usually difficult to focus on feel more rewarding. That increased sense of reward can help children stick with both challenging and repetitive activities.

"These results also provide a potential explanation for how stimulants treat hyperactivity, which previously seemed paradoxical," Dosenbach added. "Whatever kids can't focus on -- those tasks that make them fidgety -- are tasks that they find unrewarding. On a stimulant, they can sit still better because they're not getting up to find something better to do."

ADHD treatment, sleep, and performance

Within the ABCD study, children with ADHD who were taking stimulant medications had higher school grades, according to parent reports, and performed better on cognitive tests than children with ADHD who were not taking stimulants. The largest improvements were seen in children with more severe ADHD symptoms.




However, the benefits were not observed in every child. Among participants who slept less than the recommended nine or more hours per night, those who took stimulants earned better grades than sleep deprived children who did not take the medication. In contrast, stimulants were not linked to improved performance in neurotypical children who were getting enough sleep. (It is not clear why these kids were taking stimulant medications.) Overall, the link between stimulants and improved cognitive performance appeared only in children with ADHD or in those who were not getting sufficient sleep.

"We saw that if a participant didn't sleep enough, but they took a stimulant, the brain signature of insufficient sleep was erased, as were the associated behavioral and cognitive decrements," Dosenbach said.

Potential risks of masking sleep deprivation

The researchers cautioned that better performance despite poor sleep may come with long term consequences.

"Not getting enough sleep is always bad for you, and it's especially bad for kids," Kay said. He noted that children who are overtired can show symptoms that resemble ADHD, including difficulty paying attention in class or declining grades. In some cases, this could lead to a misdiagnosis when sleep deprivation is the underlying issue. Stimulant medications may appear to help by imitating some effects of adequate sleep, while still leaving children exposed to the long term harms of chronic sleep loss. Kay urged clinicians to consider sleep deprivation during ADHD evaluations and to explore ways to improve sleep.

Questions that remain

Dosenbach and Kay said their findings highlight the need for further research into the long term effects of stimulant use on the brain. They noted that stimulants might have a restorative role by activating the brain's waste clearing system during wakefulness. At the same time, the medications could potentially cause lasting harm if they are used to compensate for ongoing sleep deficits.
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A gold catalyst just broke a decade old green chemistry record | ScienceDaily
Acetaldehyde is an essential chemical building block that plays a major role in modern manufacturing. It is commonly produced using the ethylene-based Wacker oxidation process, a method that is expensive and carries significant environmental drawbacks. Converting bioethanol into acetaldehyde through selective oxidation offers a more sustainable alternative, but most existing catalysts face a familiar problem. When activity increases, selectivity often drops, leaving acetaldehyde yields below 90%.


						
More than ten years ago, researchers Liu and Hensen demonstrated an important advance using an Au/MgCuCr2O4 catalyst. Their work revealed a specific Au0-Cu+ interaction that delivered acetaldehyde yields exceeding 95% at 250degC, while remaining stable for more than 500 hours (J. Am. Chem. Soc. 2013, 135, 14032; J. Catal. 2015, 331, 138; J. Catal. 2017, 347, 45). Despite this milestone, developing safer, non-toxic catalysts that can achieve similar performance at lower temperatures has remained an unresolved challenge.

New Gold Perovskite Catalysts Push Performance Further

Recent progress from a research team led by Prof. Peng Liu (Huazhong University of Science and Technology) and Prof. Emiel J.M. Hensen (Eindhoven University of Technology) marks a significant step forward. The team designed a series of Au/LaMnCuO3 catalysts with different manganese-to-copper ratios. Among them, Au/LaMn0.75Cu0.25O3 stood out for its strong cooperative interaction between gold nanoparticles and a moderately copper-doped LaMnO3 perovskite structure.

This carefully tuned synergy allowed ethanol oxidation to proceed efficiently at temperatures below 250oC. The new catalyst outperformed the long-standing Au/MgCuCr2O4 benchmark, and the results were reported in the Chinese Journal of Catalysis.

Optimizing Catalyst Design for Higher Yield and Stability

To improve the efficiency of converting bioethanol into acetaldehyde -- a valuable chemical used in plastics and pharmaceuticals, the researchers focused on perovskite-based catalyst supports. These materials were produced using a sol-gel combustion process and then coated with gold nanoparticles. By adjusting the manganese and copper content, the team identified an optimal formulation (Au/LaMn0.75Cu0.25O3) that achieved a 95% acetaldehyde yield at 225degC and remained stable for 80 hours.




Catalysts with higher copper levels performed worse, mainly because copper tends to lose its active chemical state during the reaction. The strong performance of the optimized catalyst was traced to a cooperative interaction among gold, manganese, and copper ions.

How Gold, Copper, and Manganese Work Together

To explain why the new catalyst performs so well, the researchers carried out detailed computational studies using density functional theory and microkinetic modeling. These simulations showed that introducing copper into the perovskite structure creates highly active sites near the gold particles. These sites make it easier for oxygen and ethanol molecules to react.

The optimized catalyst also lowers the energy barrier for key reaction steps, allowing the process to proceed more efficiently. Together, experimental data and theoretical modeling emphasize the importance of precisely tuning catalyst composition to achieve higher efficiency and better stability.
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This common food ingredient may shape a child's health for life | ScienceDaily
Researchers from the Institut Pasteur and Inserm have found that when mother mice consume dietary emulsifiers, it can negatively affect the gut microbiota of their offspring. These early changes in gut bacteria are linked to a higher risk of chronic inflammatory bowel conditions and obesity later in life. The findings point to possible health effects that extend across generations and underscore the need for human studies, particularly to understand how early-life exposure to emulsifiers may influence long-term health. The study was published in Nature Communications.


						
Emulsifiers are additives widely used in processed foods to improve texture and extend shelf life. They are common in products such as dairy items, baked goods, ice cream, and some powdered baby formulas. Despite their widespread use, scientists still know relatively little about how these substances affect human health, especially their impact on the gut microbiota.

How the Study Was Conducted

The research was led by Benoit Chassaing, Inserm Research Director and Head of the Microbiome-Host Interactions laboratory (an Inserm unit at the Institut Pasteur). In the study, female mice were given two commonly used emulsifiers, carboxymethyl cellulose (E466) and polysorbate 80 (E433), starting ten weeks before pregnancy and continuing through pregnancy and breastfeeding. The researchers then examined the gut microbiota of the offspring, which had never directly consumed these emulsifiers themselves.

The results showed that the young mice experienced noticeable changes in their gut bacteria within the first weeks of life. This period is especially important because mothers naturally pass part of their microbiota to their offspring through close contact.

Disrupted Gut-Immune Communication

The altered microbiota included higher levels of flagellated bacteria, which are known to activate the immune system and promote inflammation. The researchers also observed that more bacteria were coming into close contact with the gut lining. This process, described as bacterial "encroachment," caused certain gut pathways to close earlier than normal. These pathways usually allow small bacterial fragments to cross the gut lining so the immune system can recognize them and learn to tolerate the body's own microbiota.




When these pathways closed too soon in the offspring of emulsifier-exposed mothers, communication between the gut microbiota and the immune system was disrupted. As the animals reached adulthood, this disruption led to an overactive immune response and chronic inflammation, significantly increasing the risk of inflammatory gut diseases and obesity. The study links early-life microbiota changes in mice, even without direct emulsifier consumption, to a higher likelihood of developing these chronic conditions later on.

Implications for Human Health

"It is crucial for us to develop a better understanding of how what we eat can influence future generations' health. These findings highlight how important it is to regulate the use of food additives, especially in powdered baby formulas, which often contain such additives and are consumed at a critical moment for microbiota establishment. We want to continue this research with clinical trials to study mother-to-infant microbiota transmission, both in cases of maternal nutrition with or without food additives and in cases of infants directly exposed to these substances in baby formula," comments Benoit Chassaing, last author of the study.

This work was funded by a Starting Grant and a Consolidator Grant from the European Research Council (ERC).
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A strange star near a black hole is defying expectations | ScienceDaily
Astronomers at the University of Hawai`i Institute for Astronomy (IfA) have pieced together the dramatic history of a distant red giant by studying subtle changes in its light. Tiny fluctuations in brightness reveal that the star may have collided and merged with another star long ago, a violent event that likely left it spinning much faster than normal. Today, this unusual star circles a quiet black hole in a system known as Gaia BH2.


						
Using observations from NASA's Transiting Exoplanet Survey Satellite (TESS), the team detected faint vibrations known as "starquakes" moving through the red giant, which is the companion to the black hole. Gaia BH2 itself was first identified in 2023 by the European Space Agency's Gaia mission. Much like earthquakes help scientists explore Earth's interior, these stellar tremors allowed astronomers to probe deep inside the star and precisely measure properties of its core. The results of this work were recently published in Astronomical Journal.

"Just like seismologists use earthquakes to study Earth's interior, we can use stellar oscillations to understand what's happening inside distant stars," said IfA research scientist Daniel Hey, lead author of the study. "These vibrations told us something unexpected about this star's history."

A Star That Appears Older Than It Is

One of the most surprising findings came from the star's chemical composition. The red giant is described as "alpha-rich," meaning it contains large amounts of heavy elements that are typically found in very old stars. Based on its chemistry alone, the star should be ancient.

However, analysis of its internal vibrations told a different story. The star is actually about 5 billion years old, far younger than its chemical makeup would suggest. That mismatch presents a puzzle for astronomers trying to understand how the star formed.

"Young, alpha-rich stars are quite rare and puzzling," explained Hey. "The combination of youth and ancient chemistry suggests this star didn't evolve in isolation. It likely acquired extra mass from a companion, either through a merger or by absorbing material when the black hole formed."

Spinning Faster Than Expected




Additional clues came from long-term monitoring with ground-based telescopes. These observations show the star completes one full rotation every 398 days, which is unusually fast for a red giant of its age that evolved alone.

"If this rotation is real, it can't be explained by the star's birth spin alone," said co-author Joel Ong, a NASA Hubble Fellow at IfA. "The star must have been spun up through tidal interactions with its companion, which further supports the idea that this system has a complex history."

Comparing Quiet Black Hole Systems

The researchers also studied Gaia BH3, another black hole system with an even stranger companion star. Existing models predicted that this star should display strong oscillations, yet none were observed. This unexpected result suggests that current theories about stars with extremely low metal content may need to be revised.

Both Gaia BH2 and Gaia BH3 belong to a class of dormant black hole systems. These black holes are not actively pulling in material from their companion stars, which means they do not emit X-rays. Instead, astronomers discovered them by carefully tracking the motion of nearby stars. These findings are changing how scientists search for and study black holes within the Milky Way.

What Comes Next

Future observations from TESS will allow astronomers to study Gaia BH2's stellar vibrations in even greater detail. With more data, the team hopes to confirm whether the red giant truly formed through a past stellar merger and to better understand how these quiet black hole pairs develop over time.
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How Earth endured a planet-wide inferno: The secret water vault under our feet | ScienceDaily
Around 4.6 billion years ago, Earth looked nothing like the calm, blue world we see today. Repeated and powerful impacts from space kept the planet's surface and interior in a turbulent, molten state. Much of Earth was covered by a global ocean of magma, with temperatures so extreme that liquid water could not survive. The young planet more closely resembled a blazing furnace than a place capable of supporting oceans or life.


						
Today, however, oceans cover about 70% of Earth's surface. How water managed to endure the transition from this molten early phase to a largely solid planet has long puzzled scientists and driven decades of research.

Water Hidden Deep Inside the Planet

A recent study led by Prof. Zhixue Du of the Guangzhou Institute of Geochemistry of the Chinese Academy of Sciences (GIGCAS) offers a new explanation. The team found that large amounts of water could have been stored deep within Earth's mantle as it cooled and crystallized from molten rock.

Their results, published in Science on December 11, are changing how scientists think about water storage deep inside the planet. The researchers showed that bridgmanite, the most abundant mineral in Earth's mantle, can function like a microscopic "water container." This ability may have allowed early Earth to trap significant amounts of water below the surface as the planet solidified.

According to the team, this early reservoir of water may have played a key role in Earth's transformation from a hostile, fiery world into one capable of supporting life.

Testing Water Storage Under Extreme Conditions

Earlier experiments suggested that bridgmanite could only hold small amounts of water. Those studies, however, were conducted at relatively low temperatures. To revisit the question, the researchers had to overcome two major hurdles. They needed to recreate the intense pressures and temperatures found more than 660 kilometers beneath Earth's surface, and they had to detect extremely small traces of water in mineral samples, some thinner than one tenth the width of a human hair and containing only a few hundred parts per million of water.




To meet these challenges, the team built a diamond anvil cell system combined with laser heating and high-temperature imaging. This custom-designed setup allowed them to push temperatures as high as ~4,100 degC. By reproducing deep mantle conditions and accurately measuring equilibrium temperatures, the researchers were able to explore how heat affects the way minerals absorb water.

Advanced Tools Reveal Hidden Water

Using the advanced analytical facilities at GIGCAS, the scientists applied techniques including cryogenic three-dimensional electron diffraction and NanoSIMS. Working with Prof. LONG Tao from the Institute of Geology of the Chinese Academy of Geological Sciences, they also incorporated atom probe tomography (APT).

Together, these methods acted like ultra-high-resolution "chemical CT scanners" and "mass spectrometers" for the microscopic world. This approach allowed the team to map how water is distributed inside tiny samples and confirm that water is structurally dissolved within bridgmanite itself.

A Much Wetter Deep Mantle Than Expected

The experiments revealed that bridgmanite's ability to trap water, measured by its water partition coefficient, increases sharply at higher temperatures. During Earth's hottest magma ocean phase, newly formed bridgmanite could have stored far more water than scientists once believed. This finding challenges the long-standing assumption that the lower mantle is almost completely dry.




Using these results, the team modeled how Earth's magma ocean cooled and crystallized. Their simulations suggest that, because bridgmanite held water so efficiently under extreme heat, the lower mantle became the largest water reservoir within the solid Earth after the magma ocean cooled. The model indicates that this reservoir could be five to 100 times larger than earlier estimates, with total water amounts ranging from 0.08 to 1 times the volume of today's oceans.

How Deep Water Shaped Earth's Evolution

This deeply stored water did not simply remain trapped. Instead, it acted as a "lubricant" for Earth's internal engine. By lowering the melting point and viscosity of mantle rocks, the water helped drive internal circulation and plate motion, giving the planet long-term geological energy.

Over vast spans of time, some of this water was slowly returned to the surface through volcanic and magmatic activity. This process contributed to the formation of Earth's early atmosphere and oceans. The researchers suggest that this buried "spark of water" may have been a decisive factor in turning Earth from a molten inferno into the blue, life-friendly planet we know today.
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Back from the dead: "Extinct" fish rediscovered in a remote Bolivian pond after 20 years | ScienceDaily

The species had not been observed for more than 20 years. Its original habitat was destroyed and converted into farmland, and repeated searches over the years failed to locate any surviving individuals. As a result, Moema claudiae was classified as Critically Endangered under IUCN criteria and widely believed to be possibly extinct.

A Surviving Population Found in a Remote Pond

During a recent field expedition, researchers Heinz Arno Drawert and Thomas Otto Litz made a breakthrough. They discovered a living population of Moema claudiae in a small, temporary pond located within a fragment of forest surrounded by agricultural land.

This marks the first confirmed record of the species in more than two decades. The discovery, published in the open-access journal Nature Conservation, allowed scientists to photograph the fish alive for the first time. It also gave researchers the opportunity to observe its behavior and investigate aspects of its natural history that were previously unknown.

A Personal and Scientific Milestone

Thomas Litz, one of the study's co-authors, described the rediscovery as deeply meaningful. "For me, it is something special to have rediscovered Moema claudiae. This has shown that we now have the opportunity to preserve this species in the wild. I am all the more pleased because Prof. Wilson Costa named this species after his wife Claudia, and I would like to take this opportunity to thank him especially for decades of collaboration and support."

A Global Hotspot for Seasonal Killifish Diversity




The rediscovered site turned out to be remarkable for more than just one species. In addition to Moema claudiae, researchers identified six other species of seasonal killifish in the same habitat. This makes it the most genetically diverse assemblage of seasonal killifish ever documented anywhere in the world.

The area sits at a unique ecological crossroads where the Amazon forest meets the Llanos de Moxos savannas. This transition zone appears to support exceptional biodiversity. However, widespread deforestation and expanding agriculture are rapidly reducing these habitats.

Urgent Calls for Habitat Protection

Following the discovery, scientists stressed the need for immediate conservation action. The newly identified site is currently the only known location that supports a wild population of Moema claudiae. It is also an important global center of seasonal killifish diversity.

Over the past 25 years, Bolivia has lost nearly 10 million hectares of forest, including critical wetlands. The pace of deforestation has increased sharply in recent years, putting many unique species and ecosystems at risk.

"Without rapid and effective action to curb the irrational expansion of the agricultural frontier in Bolivia's lowlands, we risk losing some of the world's most important terrestrial and aquatic ecosystems, and with them the irreplaceable goods and services they provide," said co-author Heinz Drawert. "We cannot hope to achieve true social and economic well-being unless we also maintain the functionality of the ecosystems that sustain it."
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MIT study shows high-fat diets give liver cancer a dangerous head start | ScienceDaily
A diet high in fat is one of the strongest contributors to liver cancer risk. New research from MIT sheds light on why this happens, showing that fatty diets can fundamentally alter liver cells in ways that make cancer more likely to develop.


						
The researchers discovered that when the liver is repeatedly exposed to a high-fat diet, mature liver cells called hepatocytes undergo a major change. Instead of remaining fully specialized, these cells shift into a more primitive, stem-cell-like state. This transformation allows them to better withstand the stress caused by excess fat, but over time it also increases their vulnerability to becoming cancerous.

"If cells are forced to deal with a stressor, such as a high-fat diet, over and over again, they will do things that will help them survive, but at the risk of increased susceptibility to tumorigenesis," says Alex K. Shalek, director of the Institute for Medical Engineering and Sciences (IMES), the J. W. Kieckhefer Professor in IMES and the Department of Chemistry, and a member of the Koch Institute for Integrative Cancer Research at MIT, the Ragon Institute of MGH, MIT, and Harvard, and the Broad Institute of MIT and Harvard.

The team also identified several transcription factors that appear to regulate this cellular shift. These factors may eventually serve as targets for drugs designed to reduce the risk of tumor formation in people who are especially vulnerable.

Shalek; Omer Yilmaz, an MIT associate professor of biology and a member of the Koch Institute; and Wolfram Goessling, co-director of the Harvard-MIT Program in Health Sciences and Technology, are the senior authors of the study, which was published on December 22 in Cell. MIT graduate student Constantine Tzouanas, former MIT postdoc Jessica Shay, and Massachusetts General Brigham postdoc Marc Sherman are the co-first authors of the paper.

How Fatty Diets Trigger Liver Cell Reversion

High-fat diets can cause inflammation and fat accumulation in the liver, leading to a condition known as steatotic liver disease. This disease may also arise from long-term metabolic stressors such as heavy alcohol consumption and can progress to cirrhosis, liver failure, and ultimately cancer.




In this study, the researchers set out to understand how liver cells respond at a molecular level when exposed to a high-fat diet, focusing on which genes become more or less active as the stress continues.

To investigate this process, the team fed mice a high-fat diet and used single-cell RNA-sequencing to analyze liver cells at key stages of disease development. This approach allowed them to follow changes in gene activity as the animals progressed from liver inflammation to tissue scarring and eventually cancer.

Early on, hepatocytes began activating genes that help cells survive harsh conditions. These included genes that reduce the likelihood of programmed cell death and promote continued cell growth. At the same time, genes essential for normal liver function, including those involved in metabolism and protein secretion, were gradually shut down.

"This really looks like a trade-off, prioritizing what's good for the individual cell to stay alive in a stressful environment, at the expense of what the collective tissue should be doing," Tzouanas says.

Some of these genetic shifts occurred quickly, while others unfolded more slowly. The decline in metabolic enzyme production, for example, developed over a longer period. By the end of the study, nearly all mice fed a high-fat diet had developed liver cancer.

Why Immature Liver Cells Fuel Cancer Development

The researchers found that when liver cells exist in a less mature state, they are more likely to become cancerous if a damaging mutation occurs later.




"These cells have already turned on the same genes that they're going to need to become cancerous. They've already shifted away from the mature identity that would otherwise drag down their ability to proliferate," Tzouanas says. "Once a cell picks up the wrong mutation, then it's really off to the races and they've already gotten a head start on some of those hallmarks of cancer."

The study also highlighted several genes that appear to coordinate the shift back to an immature cell state. During the course of the research, a drug targeting one of these genes (thyroid hormone receptor) received approval to treat a severe form of steatotic liver disease known as MASH fibrosis. In addition, a drug that activates another enzyme identified in the study (HMGCS2) is currently being tested in clinical trials for steatotic liver disease.

Another promising target uncovered by the research is a transcription factor called SOX4. This factor is usually active during fetal development and in a limited number of adult tissues (but not the liver), making its activation in liver cells particularly notable.

Evidence From Human Liver Disease

After identifying these cellular changes in mice, the researchers examined whether similar patterns occur in people with liver disease. They analyzed liver tissue samples from patients at different stages of disease, including individuals who had not yet developed cancer.

The results closely mirrored what was seen in mice. Over time, genes required for normal liver function declined, while genes linked to immature cell states increased. The researchers also found that these gene expression patterns could be used to predict patient survival outcomes.

"Patients who had higher expression of these pro-cell-survival genes that are turned on with high-fat diet survived for less time after tumors developed," Tzouanas says. "And if a patient has lower expression of genes that support the functions that the liver normally performs, they also survive for less time."

While mice developed cancer within about a year, the researchers estimate that the same process in humans likely unfolds over a much longer period, potentially around 20 years. The exact timeline can vary depending on diet and other risk factors, including alcohol use and viral infections, which can also push liver cells toward an immature state.

Can Diet-Driven Damage Be Reversed?

The research team now plans to explore whether the cellular changes caused by high-fat diets can be undone. Future studies will test whether returning to a healthier diet or using weight-loss medications such as GLP-1 agonists can restore normal liver cell behavior.

They also aim to further investigate whether the transcription factors identified in the study could serve as effective drug targets to prevent damaged liver tissue from progressing to cancer.

"We now have all these new molecular targets and a better understanding of what is underlying the biology, which could give us new angles to improve outcomes for patients," Shalek says.

The research was funded, in part, by a Fannie and John Hertz Foundation Fellowship, a National Science Foundation Graduate Research Fellowship, the National Institutes of Health, and the MIT Stem Cell Initiative through Foundation MIT.
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Why some people keep making the same bad decisions | ScienceDaily
People constantly take in information from their surroundings, including visual details and background sounds. Over time, the brain learns to connect these cues with what usually happens next. For example, a familiar sign, sound, or setting can signal whether a choice is likely to lead to a reward or a negative outcome. This process is known as associative learning, which simply means learning through repeated connections between cues and results. In everyday life, this kind of learning helps people make faster and often better decisions.


						
However, this system does not work the same way for everyone. For people with compulsive disorders, addictions, or anxiety, these learned associations can become overly powerful. Instead of serving as helpful guides, cues may start to dominate decision making. Individuals may feel pulled toward certain sights or sounds or strongly driven to avoid them, even when doing so leads to poor outcomes.

Studying Biased Decision Making

To better understand how this happens, Giuseppe di Pellegrino of the University of Bologna led a study focused on how people learn from cues and how this learning can sometimes go wrong. The research examined maladaptive decision making, which refers to choices that continue to cause harm or disadvantage despite repeated negative consequences.

As described in their JNeurosci paper, the researchers found that people differ widely in how much they rely on environmental cues when making decisions. Some individuals depend heavily on surrounding visuals and sounds to guide their choices, while others rely on them far less.

Why Some People Struggle to Adapt

The study also revealed an important problem for those who are highly cue driven. When familiar cues start to signal riskier or less favorable outcomes, these individuals often struggle to adjust. They may have difficulty updating their beliefs about what those cues mean and unlearning old associations that no longer apply. In practical terms, this means the brain keeps responding as if nothing has changed, even when the situation clearly has.




As a result, disadvantageous decision making can persist over time. Instead of adapting to new information, people may repeat the same risky or harmful choices again and again.

Implications for Addiction and Anxiety

According to the researchers, these findings suggest that some people have stronger cue sensitivity than others, combined with a reduced ability to revise what they have learned about those cues. This combination may help explain why certain decision patterns are so hard to break.

The research team plans to continue studying associative learning in patient populations. Their goal is to better understand whether the harmful decision patterns -- which characterize addictions, compulsive disorders, and anxiety -- are more likely to occur in people who are especially sensitive to the sights and sounds that influence their choices.
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Microplastics are leaking invisible chemical clouds into water | ScienceDaily
Researchers have found that microplastics drifting through rivers, lakes, and oceans constantly release a complex blend of dissolved organic chemicals into the water. This chemical leakage continues over time and becomes much more intense when plastics are exposed to sunlight. The new findings offer the most detailed molecular-level picture so far of how microplastic-derived dissolved organic matter, known as MPs DOM, forms and changes in natural aquatic environments.


						
The research, published in New Contaminants, examined four common types of plastic and compared the chemicals they released with naturally occurring dissolved organic matter found in rivers. By combining kinetic modeling with fluorescence spectroscopy, high-resolution mass spectrometry, and infrared analysis, the team showed that each plastic type releases its own unique chemical mixture. These chemical signatures shift as sunlight gradually breaks down plastic surfaces.

"Microplastics do not just pollute aquatic environments as visible particles. They also create an invisible chemical plume that changes as they weather," said lead author Jiunian Guan of Northeast Normal University. "Our study shows that sunlight is the primary driver of this process, and that the molecules released from plastics are very different from those produced naturally in rivers and soils."

Sunlight speeds up chemical release from microplastics

To better understand how light affects plastic breakdown, the researchers exposed polyethylene, polyethylene terephthalate, polylactic acid, and polybutylene adipate co terephthalate microplastics to water under both dark and ultraviolet conditions for up to 96 hours. Exposure to sunlight sharply increased the amount of dissolved organic carbon released by every plastic tested. Plastics labeled as biodegradable, including PLA and PBAT, released the largest amounts, reflecting their less stable chemical structures.

Kinetic modeling revealed that the release process followed zero order behavior. This means the rate was controlled by physical and chemical limits at the plastic surface rather than by how much material was already dissolved in the water. Under ultraviolet light, the researchers identified film diffusion as the main factor slowing the release process.

Plastics release a complex mix of chemical compounds

Detailed chemical analyses showed that MPs DOM contains a wide range of molecules derived from plastic additives, monomers, oligomers, and fragments formed through photo oxidized reactions. Plastics with aromatic structures, such as PET and PBAT, generated especially complex chemical mixtures.




As the plastics continued to weather, the researchers observed a rise in oxygen containing functional groups. This shift pointed to the formation of alcohols, carboxylates, ethers, and carbonyls. Chemical additives like phthalates were also detected, which aligns with their relatively weak attachment within plastic materials.

Fluorescence measurements revealed another striking difference. MPs DOM closely resembled organic material produced by microbes rather than organic matter originating from land plants and soils. This pattern contrasts strongly with natural dissolved organic matter found in rivers. Over time, the balance of protein like, lignin like, and tannin like substances shifted depending on the type of plastic and the level of sunlight exposure.

Growing environmental risks from invisible plastic pollution

The changing chemical mixtures released by microplastics could affect aquatic ecosystems in multiple ways. MPs DOM is largely made up of small, biologically accessible molecules that may stimulate or suppress microbial growth, disrupt nutrient cycles, or interact with metals and other pollutants. Previous research has shown that MPs DOM can produce reactive oxygen species, influence the formation of disinfection byproducts, and alter how pollutants attach to particles in water.

"Our findings highlight the importance of considering the full life cycle of microplastics in water, including the invisible dissolved chemicals they release," said co author Shiting Liu. "As global plastic production continues to rise, these dissolved compounds may have growing environmental significance."

Predicting the future chemistry of plastic pollution

Because MPs DOM is chemically complex and constantly changing, the researchers suggest that machine learning tools could help forecast how these substances behave in natural waters. Such models could improve risk assessments related to ecosystem health, pollutant transport, and carbon cycling.

The authors also point out that the flow of microplastics into rivers and oceans remains largely unregulated. As plastics continue to fragment and degrade under sunlight, the release of MPs DOM is expected to increase. Understanding how these chemicals evolve across different stages of plastic breakdown will be essential for assessing their long-term environmental impact.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251224032408.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Where you live may be fueling aggressive breast cancer | ScienceDaily
New research from Sylvester Comprehensive Cancer Center at the University of Miami Miller School of Medicine suggests that women who live near federally designated Superfund sites face a higher risk of developing aggressive forms of breast cancer -- including triple-negative breast cancer, which is especially difficult to treat.


						
Previous research from the National Institutes of Health has shown that certain aggressive and treatment-resistant breast cancers are becoming more common. Building on those findings, three recent studies led by Sylvester researchers point to a connection between breast cancer risk, environmental contamination near Superfund sites, and social disadvantage. Superfund sites are locations polluted by hazardous waste that the Environmental Protection Agency has flagged for cleanup due to threats to human health or the environment.

Why Environmental Exposure Is Gaining Attention

The increase in aggressive breast cancer cases -- particularly hard-to-treat subtypes like triple-negative breast cancer -- has prompted scientists to take a closer look at environmental influences that may be contributing to these trends. In Florida, where 52 active Superfund sites remain, concerns raised by local communities helped bring the issue into focus. Members of Sylvester's Community Advisory Committee encouraged researchers to investigate whether living near these sites could affect cancer risk.

"Members of our community raised concerns that where they lived was making people sick," said Erin Kobetz, Ph.D., M.P.H., an epidemiologist and associate director for community outreach and engagement at Sylvester and the Judy H. Schulte Senior Endowed Chair in Cancer Research.

"Overwhelmingly, the people who were speaking up about this lived in a neighborhood relatively close to a Superfund site. There's a growing body of evidence that living in neighborhoods close to these sites is associated with poor health outcomes," she said.

Although the health effects of Superfund sites have been studied for decades, Kobetz noted that the relationship between environmental pollution and breast cancer has received far less attention. To address this gap, she assembled a multidisciplinary research team that included physicians, epidemiologists, and basic scientists. Using Sylvester's SCAN360 data portal, the group analyzed highly detailed data on neighborhood conditions and cancer risk across South Florida.




Proximity to Superfund Sites and Cancer Severity

In the first study, researchers reviewed more than 21,000 breast cancer cases diagnosed in Florida between 2015 and 2019. They examined whether living near a Superfund site was linked to more advanced disease. The analysis showed that women who lived in the same census tract as at least one Superfund site were about 30% more likely to be diagnosed with metastatic breast cancer.

The team then focused on triple-negative breast cancer (TNBC), an aggressive subtype with limited treatment options. Their findings showed that living near a Superfund site was also associated with a higher risk of TNBC. The researchers further explored exposure to particulate matter 2.5 (PM2.5), a type of air pollution made up of particles smaller than 2.5 microns. Higher levels of PM2.5 exposure were linked to increased TNBC risk in South Florida.

These two studies were published in Scientific Reports and Cancer Epidemiology Biomarkers and Prevention. Together, they suggest that simply living close to a Superfund site may increase both the likelihood and severity of breast cancer.

"These studies, as well as federal funding priorities, give an increasing emphasis on the role of the environment in health outcomes," Kobetz said. "We need to better appreciate how environmental conditions may be driving variability in cancer outcomes."

Tumor Biomarkers and Neighborhood Conditions

While clinicians increasingly recognize that environmental exposure plays a role in patient health, researchers are still working to understand how those exposures influence cancer at the molecular level.




That question led Aristeidis Telonis, Ph.D., a research assistant professor of biochemistry and molecular biology at the Miller School, to investigate whether environmental and social conditions leave detectable biological signals in tumors. These signals, known as biomarkers, can help reveal how cancers develop and progress.

The research team, co-led by Kobetz, analyzed breast cancer tissue samples from 80 patients in the Miami area. In addition to studying DNA, they examined the instruction notes (epigenome) and the real-time messages (RNA) that reflect how genes are actively functioning inside cells.

Researchers then compared these molecular markers with a combined measure of neighborhood conditions and other factors known to affect health. Patients who lived in areas with fewer health-supporting resources were more likely to show these biomarkers and to develop more aggressive forms of breast cancer.

"This deprivation index is very strongly associated with more aggressive breast cancers," Telonis said. "It's a simple, but very important correlation." The study, published in Cancer Epidemiology Biomarkers and Prevention, is among the first to closely examine how neighborhood conditions relate to molecular changes inside breast tumors. The findings may help guide more personalized treatment strategies tailored to each patient.

"The goal is that when a patient comes in, the doctor not only assesses the tumor characteristics, but also considers the patient's resources and what that may mean molecularly," Telonis said. "Eventually, that should help inform treatment."

Community Concerns Driving Future Research

Kobetz emphasized that the research was shaped directly by community input.

"We have a signal, and we're compelled and encouraged by our Community Advisory Committee to pursue it," she said. "The community had a perspective, and now we have empirical and scientific data to suggest that their concerns may be valid. These studies are the first puzzle pieces that will help us figure out what we should be focusing on next."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251224032406.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

      All Top News

      Top science stories featured on ScienceDaily's home page.


      
        Astronomers ring in the new year with a stunning galaxy collision
        The Champagne Cluster is a rare and beautiful example of two galaxy clusters smashing together. Its festive name comes from both its New Year's Eve discovery and its bubbly appearance in space. Images reveal superheated gas and galaxies spread across a massive collision zone. Astronomers believe this system could help explain how dark matter responds when giant structures collide.

      

      
        The deep ocean has a missing link and scientists finally found it
        Scientists have uncovered why big predators like sharks spend so much time in the ocean's twilight zone. The answer lies with mid-sized fish such as the bigscale pomfret, which live deep during the day and rise at night to feed, linking deep and surface food webs. Using satellite tags, researchers tracked these hard-to-study fish for the first time. Their movements shift with water clarity, potentially altering entire ocean food chains.

      

      
        Time runs faster on Mars and scientists just proved it
        Thanks to Einstein's relativity, time flows differently on Mars than on Earth. NIST scientists have now nailed down the difference, showing that Mars clocks tick slightly faster--and fluctuate over the Martian year. These microsecond shifts could play a big role in future Mars navigation, communications, and even a solar-system-wide internet. It's a small time gap with big consequences for space exploration.

      

      
        Most distant supernova: James Webb sees a star explode at cosmic dawn
        Scientists have detected the most distant supernova ever seen, exploding when the universe was less than a billion years old. The event was first signaled by a gamma-ray burst and later confirmed using the James Webb Space Telescope, which was able to isolate the blast from its faint host galaxy. Surprisingly, the explosion closely resembles supernovae linked to gamma-ray bursts in the modern universe.

      

      
        Mini brains reveal clear brain signals of schizophrenia and bipolar disorder
        Tiny lab-grown brains are offering an unprecedented look at how schizophrenia and bipolar disorder disrupt neural activity. Researchers found distinct electrical firing patterns that could identify these conditions with high accuracy. The discovery opens the door to more precise diagnoses and personalized drug testing. Instead of guessing medications, doctors may one day see what works before treating the patient.

      

      
        Fusion reactors may create dark matter particles
        Researchers say fusion reactors might do more than generate clean energy--they could also create particles linked to dark matter. A new theoretical study shows how neutrons inside future fusion reactors could spark rare reactions that produce axions, particles long suspected to exist but never observed. The work revisits an idea teased years ago on The Big Bang Theory, where fictional physicists couldn't solve the puzzle. This time, real scientists think they've found a way.

      

      
        Why your vitamin D supplements might not be working
        A randomized trial from Vanderbilt-Ingram Cancer Center reveals that magnesium may be the missing key to keeping vitamin D levels in balance. The study found that magnesium raised vitamin D in people who were deficient while dialing it down in those with overly high levels--suggesting a powerful regulating effect. This could help explain why vitamin D supplements don't work the same way for everyone and why past studies linking vitamin D to cancer and heart disease have produced mixed results.

      

      
        A missing protein may be aging your immune system
        As we age, our immune system quietly loses its edge, and scientists have uncovered a surprising reason why. A protein called platelet factor 4 naturally declines over time, allowing blood stem cells to multiply too freely and drift toward unhealthy, mutation-prone behavior linked to cancer, inflammation, and heart disease. Researchers found that restoring this protein in older mice -- and even in human stem cells in the lab -- made aging blood and immune cells behave strikingly younger again.

      

      
        Losing weight in midlife may have a hidden brain cost
        Weight loss restored healthy metabolism in both young and mid-aged mice, but the brain told a different story. In mid-aged animals, slimming down actually worsened inflammation in a brain region tied to appetite and energy balance. While this inflammation eventually subsided, brain inflammation has been linked to cognitive decline and neurodegenerative disease. The results suggest that weight loss in midlife may not be as straightforward as once thought.

      

      
        Zombie worms are missing and scientists are alarmed
        When researchers lowered whale bones into the deep ocean, they expected zombie worms to quickly move in. Instead, after 10 years, none appeared -- an unsettling result tied to low-oxygen waters in the region. These worms play a key role in breaking down whale remains and supporting deep-sea life. Their absence hints that climate-driven oxygen loss could unravel entire whale-fall ecosystems.

      

      
        A rare cancer-fighting plant compound has finally been decoded
        UBC Okanagan researchers have uncovered how plants create mitraphylline, a rare natural compound linked to anti-cancer effects. By identifying two key enzymes that shape and twist molecules into their final form, the team solved a puzzle that had stumped scientists for years. The discovery could make it far easier to produce mitraphylline and related compounds sustainably. It also highlights plants as master chemists with untapped medical potential.

      

      
        Large Hadron Collider finally explains how fragile matter forms
        In collisions at CERN's Large Hadron Collider, hotter than the Sun's core by a staggering margin, scientists have finally solved a long-standing mystery: how delicate particles like deuterons and their antimatter twins can exist at all. Instead of forming in the initial chaos, these fragile nuclei are born later, when the fireball cools, from the decay of ultra-short-lived, high-energy particles.

      

      
        A massive scientific review put alternative autism therapies to the test
        A major new review has put hundreds of alternative autism treatments under the microscope--and most didn't hold up. Scientists analyzed decades of research and found little reliable evidence that popular approaches like probiotics, acupuncture, or music therapy truly work. Alarmingly, safety was often ignored, with many treatments never properly evaluated for side effects. The researchers stress that looking at the full body of evidence matters far more than trusting a single hopeful study.

      

      
        MIT scientists find a way to rejuvenate the immune system as we age
        As the immune system weakens with age, scientists have found a way to restore some of its lost strength. By delivering mRNA to the liver, they created a temporary source of immune-boosting signals that normally come from the thymus. Older mice treated this way produced more effective T cells and responded far better to vaccines and cancer treatments. The strategy could one day help extend healthy years of life.

      

      
        Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation
        Stanford scientists have uncovered how mRNA COVID-19 vaccines can very rarely trigger heart inflammation in young men -- and how that risk might be reduced. They found that the vaccines can spark a two-step immune reaction that floods the body with inflammatory signals, drawing aggressive immune cells into the heart and causing temporary injury.

      

      
        Physicists close in on the elusive sterile neutrino
        Neutrinos may be nearly invisible, but they play a starring role in the Universe. Long-standing anomalies had hinted at a mysterious fourth "sterile" neutrino, potentially rewriting the laws of physics. Using exquisitely precise measurements of tritium decay, the KATRIN experiment found no evidence for such a particle, sharply contradicting earlier claims. With more data and upgrades ahead, the hunt is far from over.

      

      
        New images reveal what really happens when stars explode
        New high-resolution images show that novae are anything but simple stellar fireworks. One exploded with multiple gas streams colliding almost immediately, while another shockingly delayed its eruption for more than 50 days before unleashing a powerful blast. These complex outflows create shock waves that produce intense gamma rays, confirming long-standing theories with direct visual evidence. The findings reveal novae as evolving, multi-stage events rather than single, instant explosions.

      

      
        Earth's worst extinction was followed by a shockingly fast ocean comeback
        A spectacular fossil trove on the Arctic island of Spitsbergen shows that marine life made a stunning comeback after Earth's greatest extinction. Tens of thousands of fossils reveal fully aquatic reptiles and complex food chains thriving just three million years later. Some predators grew over five meters long, challenging the idea of a slow, step-by-step recovery. The find rewrites the early history of ocean ecosystems.

      

      
        Cancer cells depend on a dangerous DNA repair trick
        Researchers have discovered how cells activate a last-resort DNA repair system when severe damage strikes. When genetic tangles overwhelm normal repair pathways, cells flip on a fast but error-prone emergency fix that helps them survive. Some cancer cells rely heavily on this backup system, even though it makes their DNA more unstable. Blocking this process could expose a powerful new way to target tumors.

      

      
        Ancient wolves could only have reached this island by boat
        Scientists have uncovered ancient wolf remains on a small Baltic island where wolves could only have been brought by humans. These animals weren't dogs, but true wolves that ate the same marine food as the people living there and showed signs of isolation and possible care. One even survived with an injured limb that would have made hunting difficult. The findings suggest humans once kept and managed wolves in ways far more complex than previously imagined.

      

      
        Scientists just found the best places to look for ancient life on Mars
        Mars once had sprawling river systems that rivaled major watersheds on Earth, and scientists have now identified the biggest ones for the first time. Researchers mapped 16 massive drainage basins where water likely flowed long enough to support life. Even though these areas cover just 5% of ancient Martian terrain, they account for a huge share of erosion and sediment movement. That makes them some of the most promising places to search for ancient life.

      

      
        NASA's Webb telescope just discovered one of the weirdest planets ever
        A newly discovered exoplanet is rewriting the rules of what planets can be. Orbiting a city-sized neutron star, this Jupiter-mass world has a bizarre carbon-rich atmosphere filled with soot clouds and possibly diamonds at its core. Its extreme gravity stretches it into a lemon shape, and it completes a full orbit in under eight hours. Scientists are stunned -- no known theory explains how such a planet could exist.

      

      
        Scientists may have found the best place for humans to land on Mars
        A newly identified region on Mars may hold the key to future human landings. Researchers found evidence of water ice less than a meter beneath the surface, close enough to be harvested for water, oxygen, and fuel. The location strikes a rare balance between sunlight and cold, helping preserve the ice. It could also offer clues about whether Mars once supported life.

      

      
        Nearly 70% of U.S. adults could now be classified as obese
        A major update to how obesity is defined could push U.S. obesity rates to nearly 70%, according to a large new study. The change comes from adding waist and body fat measurements to BMI, capturing people who were previously considered healthy. Many of these newly included individuals face higher risks of diabetes and heart disease. The findings suggest that where fat is stored may be just as important as overall weight.

      

      
        Something fundamental about black holes may be changing
        New observations reveal that the relationship between ultraviolet and X-ray light in quasars has changed over billions of years. This unexpected shift suggests the structure around supermassive black holes may evolve with time, challenging a decades-old assumption.

      

      
        Scientists replayed evolution and found a surprise
        Environmental change doesn't affect evolution in a single, predictable way. In large-scale computer simulations, scientists discovered that some fluctuating conditions help populations evolve higher fitness, while others slow or even derail progress. Two populations facing different kinds of change can end up on completely different evolutionary paths. The findings challenge the idea that one population's response can represent a whole species.

      

      
        Mars dust storms are crackling with electricity
        Mars isn't just dusty--it crackles with electricity. Scientists discovered that dust devils can generate tiny electric sparks, captured for the first time by Perseverance's microphone. These static discharges may rapidly destroy chemicals like methane and reshape how Mars' atmosphere works. The sparks could even affect climate patterns and pose risks to future missions.

      

      
        The brain has a hidden language and scientists just found it
        Researchers have created a protein that can detect the faint chemical signals neurons receive from other brain cells. By tracking glutamate in real time, scientists can finally see how neurons process incoming information before sending signals onward. This reveals a missing layer of brain communication that has been invisible until now. The discovery could reshape how scientists study learning, memory, and brain disease.

      

      
        A gold catalyst just broke a decade old green chemistry record
        A new catalyst design could transform how acetaldehyde is made from renewable bioethanol. Researchers found that a carefully balanced mix of gold, manganese, and copper creates a powerful synergy that boosts efficiency while lowering operating temperatures. Their best catalyst achieved a 95% yield at just 225degC and stayed stable for hours. The discovery points to a cleaner, more sustainable path for producing key industrial chemicals.

      

      
        This common food ingredient may shape a child's health for life
        Scientists discovered that common food emulsifiers consumed by mother mice altered their offspring's gut microbiome from the very first weeks of life. These changes interfered with normal immune system training, leading to long-term inflammation. As adults, the offspring were more vulnerable to gut disorders and obesity. The findings suggest that food additives may have hidden, lasting effects beyond those who consume them directly.

      

      
        A strange star near a black hole is defying expectations
        Astronomers have decoded the hidden past of a distant red giant star by listening to tiny vibrations in its light, revealing clues of a dramatic cosmic history. The star, which quietly orbits a dormant black hole, appears to be spinning far faster than it should--and its internal "starquakes" suggest it may have once collided and merged with another star. Even more puzzling, its chemical makeup makes it look ancient, while its internal structure reveals it's relatively young.

      

      
        How Earth endured a planet-wide inferno: The secret water vault under our feet
        When Earth was a molten inferno, water may have been locked safely underground rather than lost to space. Researchers discovered that bridgmanite deep in the mantle can store far more water at high temperatures than previously believed. During Earth's cooling, this hidden reservoir could have held water volumes comparable to today's oceans. Over time, that buried water helped drive geology and rebuild the planet's surface environment.

      

      
        Back from the dead: "Extinct" fish rediscovered in a remote Bolivian pond after 20 years
        A tiny fish long feared lost has resurfaced in Bolivia, offering a rare conservation success story amid widespread habitat destruction. Moema claudiae, a seasonal killifish unseen for more than 20 years, was rediscovered in a small temporary pond hidden within a fragment of forest surrounded by farmland. The find allowed scientists to photograph the species alive for the first time and uncover new details about its behavior and ecology.

      

      
        MIT study shows high-fat diets give liver cancer a dangerous head start
        A high-fat diet does more than overload the liver with fat. New research from MIT shows that prolonged exposure to fatty foods can push liver cells into a survival mode that quietly raises the risk of cancer. Faced with ongoing metabolic stress, these cells abandon their normal roles and revert to a more primitive state that helps them endure harsh conditions. Over time, that shift leaves the liver less functional and far more vulnerable to tumor formation, helping explain why fatty liver disease...

      

      
        Why some people keep making the same bad decisions
        Everyday sights and sounds quietly shape the choices people make, often without them realizing it. New research suggests that some individuals become especially influenced by these environmental cues, relying on them heavily when deciding what to do. The problem arises when those cues start leading to worse outcomes. For certain people, the brain struggles to update these learned signals, causing them to repeat risky or harmful decisions over time.

      

      
        What cannabis really does for chronic pain
        Cannabis products with higher THC levels may slightly reduce chronic pain, particularly nerve pain, according to a review of multiple clinical trials. The improvement was small and short-lived, while side effects were more common. Products with little or no THC, including CBD-only formulations, showed no clear benefit. Researchers say more long-term studies are needed.

      

      
        A surprising brain cleanup reduced epileptic seizures and restored memory
        A new study suggests temporal lobe epilepsy may be linked to early aging of certain brain cells. When researchers removed these aging cells in mice, seizures dropped, memory improved, and some animals avoided epilepsy altogether. The treatment used drugs already known to science, raising the possibility of quicker translation to people. The results offer new hope for patients who do not respond to existing medications.

      

      
        This strange ancient snake was hiding in a museum for decades
        A strange little snake fossil found on England's south coast has finally revealed its secrets--more than 40 years after it was discovered. The newly named Paradoxophidion richardoweni lived around 37 million years ago, during a time when Britain was warmer and teeming with reptiles. Though known only from tiny backbone bones, this "paradox snake" carries a surprising mix of traits seen in modern snakes, placing it near the very roots of today's most diverse snake group.

      

      
        Researchers find ADHD strengths linked to better mental health
        New research reveals a brighter side of ADHD, showing that adults who recognize and use their strengths feel happier, healthier, and less stressed. People with ADHD were more likely to identify traits like creativity, humor, and hyperfocus as personal strengths. Across the board, using these strengths was linked to better quality of life and fewer mental health symptoms. The study suggests that embracing strengths could be a game-changer for ADHD support.

      

      
        Swearing may unlock hidden strength, study finds
        Letting a swear word fly when you're struggling might do more than blow off steam--it could actually make you stronger. Research published by the American Psychological Association found that people who swear during physical challenges can push themselves harder and last longer. The boost seems to come from swearing's ability to lower inhibitions, increase confidence, and help people slip into a focused "flow" state.

      

      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

    

  
	
	Articles
	Sections
	Next



Astronomers ring in the new year with a stunning galaxy collision | ScienceDaily
Ring in the New Year with the "Champagne Cluster," a distant galaxy cluster featured in a new image that combines data from NASA's Chandra X-ray Observatory and optical telescopes.


						
Astronomers first identified this galaxy cluster on Dec. 31, 2020. That date, along with the cluster's bubbly look and the superheated gas detected by Chandra (represented in purple), led researchers to give it the memorable nickname "Champagne Cluster" instead of its formal name, RM J130558.9+263048.4.

Two Galaxy Clusters Colliding and Merging

The composite view reveals that the Champagne Cluster is not a single cluster at all. It is two galaxy clusters merging into a larger structure. In most clusters, gas heated to millions of degrees appears roughly circular or slightly oval in images. Here, the hot gas stretches much more from top to bottom, a clue that two clusters are colliding. You can also see two concentrations of galaxies, one above the center and one below it, marking the two groups involved in the merger. (The image has been rotated clockwise by 90 degrees so that North points to the right.)

Hot Gas and Dark Matter Dominate the Mass

In this forming cluster, the mass of the hot gas exceeds the combined mass of all the hundred-plus galaxies. Beyond that, the clusters hold even larger quantities of dark matter, the invisible material believed to be spread throughout the universe.

Alongside the Chandra X-ray observations, the image includes optical measurements from the Legacy Surveys (red, green, and blue). The Legacy Surveys bring together three complementary surveys using multiple telescopes located in Arizona and Chile.




A Rare Merger Like the Bullet Cluster

The Champagne Cluster belongs to an uncommon category of merging galaxy clusters. This group includes the famous Bullet Cluster, where the hot gas in each cluster has slammed together and slowed down, creating a clear offset between the hot gas and the most massive galaxy in each cluster.

To understand what happened, astronomers compared the observations with computer simulations and proposed two scenarios. In one, the two clusters collided more than two billion years ago, moved apart, and were pulled back together by gravity, with a second collision now underway. In the other, the clusters experienced a single collision about 400 million years ago and are currently moving away from each other. Researchers say additional studies of the Champagne Cluster could help show how dark matter behaves during a high-speed collision.

Research Paper and Chandra Mission Operations

A study presenting these findings recently appeared in The Astrophysical Journal. The paper's authors are Faik Bouhrik, Rodrigo Stancioli, and David Wittman from the University of California, Davis.

NASA's Marshall Space Flight Center in Huntsville, Alabama, oversees the Chandra program. The Smithsonian Astrophysical Observatory's Chandra X-ray Center runs science operations from Cambridge, Massachusetts, and manages flight operations from Burlington, Massachusetts.
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The deep ocean has a missing link and scientists finally found it | ScienceDaily
Scientists at the Woods Hole Oceanographic Institution (WHOI) have found that large sharks can spend hours far below the ocean surface in the mesopelagic zone, a layer stretching from 200 to 1,000 meters (650 to 3,300 feet) deep. This dim region contains more living biomass than any other part of the ocean. Yet most of that life is made up of very small organisms, raising a long-standing question about why large predators would linger there for so long.


						
New research published in Marine Ecology Progress Series points to the importance of mid-sized predators, including the bigscale pomfret, in connecting deep and shallow ocean ecosystems. These fish appear to serve as a crucial link between the surface and the depths. Until recently, scientists lacked detailed information about how bigscale pomfret and similar species move through the ocean, limiting understanding of their ecological role.

To close that gap, researchers turned to satellite-based tracking tags. This technology allowed them to follow the movements of bigscale pomfret over time, something that had been difficult to achieve with deep-sea fish.

Tracking Life in the Twilight Zone

"The data shows bigscale pomfret are permanent residents of the ocean's twilight zone, and follow the pattern of diel migration. This means they stay deep during the day and come to shallower waters to feed at night," said Martin Arostegui, lead author of the study and a research associate at WHOI.

Tracking enough of these constantly moving fish posed a challenge. "Since these species spend a majority of their life on the move and in hard-to-reach places, it wouldn't have been possible for us to tag enough of them during a few days at sea. Thus, we collaborated with a commercial longline fisher, Captain Danny Mears, who did that work as part of our research team."

Collaboration With Commercial Fishers

Mears and his crew were eager to participate in the project. "Bigscale pomfret are so different from the tunas and swordfish we usually catch that we are fascinated by them whenever they show up in our gear," Mears said. "My crew and I were excited for the opportunity to help with the satellite tagging for this study. It's been very rewarding to see the data."




The study also sheds light on how environmental conditions influence bigscale pomfret behavior. When the fish traveled from the Slope Sea into the clearer waters of the Sargasso Sea, researchers observed noticeable changes in their migration patterns. This suggests that water clarity affects how deep these fish swim, which can alter the prey they hunt and their exposure to predators like large sharks.

Why Mid-Sized Fish Matter More Than We Thought

"We always talk about the mesopelagic layer like it's this giant buffet for big predators -- but we've been skipping over the species in the middle," said WHOI biologist Camrin Braun, the study's senior author and principal investigator of WHOI's Marine Predators Group. "These mesopelagic fish are doing the hard work of connecting the deep ocean to the surface food web. If we don't understand them, we're basically trying to solve a puzzle with the middle pieces missing."

Together, the findings highlight how overlooked species in the ocean's twilight zone play an outsized role in shaping marine food webs and the behavior of some of the ocean's largest predators.
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Time runs faster on Mars and scientists just proved it | ScienceDaily
On Earth, finding the exact time is effortless. Our planet relies on a sophisticated global system that combines atomic clocks, GPS satellites, and ultra-fast communication networks to keep everything in sync.


						
That precision does not extend naturally beyond Earth. Albert Einstein showed that time does not move at the same pace everywhere in the universe. The rate at which a clock ticks depends on gravity, meaning clocks run slightly slower in stronger gravity and faster in weaker gravity. Even coordinating time across Earth is complex. Extending that coordination across the solar system is far more challenging. For future explorers hoping to live and work on Mars, one fundamental question must be answered first: What time is it on Mars?

Scientists Calculate Mars Time for the First Time

Physicists at the National Institute of Standards and Technology (NIST) have now produced a precise answer. Their calculations show that, on average, clocks on Mars tick 477 microseconds (millionths of a second) faster per day than clocks on Earth. That difference is not constant. Because of Mars' stretched orbit and gravitational influences from other bodies, the time difference can vary by as much as 226 microseconds per day throughout the Martian year.

The research was recently published in The Astronomical Journal and builds on a 2024 study in which NIST scientists outlined a framework for highly precise timekeeping on the Moon.

Understanding how time passes on Mars is essential for future missions, said NIST physicist Bijunath Patla. As NASA prepares for more advanced Mars exploration, accurate timing will be critical for navigation, communication, and coordination across planetary distances.

"The time is just right for the Moon and Mars," Patla said. "This is the closest we have been to realizing the science fiction vision of expanding across the solar system."

Mars Time Zone




Mars operates on a different schedule than Earth in more ways than one. A single Martian day lasts about 40 minutes longer than an Earth day, and a Martian year stretches across 687 Earth days compared with 365 days on Earth. Beyond those obvious differences, scientists needed to determine whether each second on Mars passes at the same rate as it does on Earth.

An atomic clock placed on the surface of Mars would function normally. The clock itself would tick just as it does on Earth. The problem appears when that Mars clock is compared with one on Earth. Over time, the two clocks drift apart. The task for scientists was to determine exactly how large that offset becomes, similar to defining a planetary time zone.

That calculation proved more complicated than expected. According to Einstein's theory of relativity, gravity alters the flow of time. Clocks slow down in stronger gravity and speed up where gravity is weaker. A planet's motion through space also affects how time passes, with orbital speed contributing additional changes.

Gravity, Orbits, and Relativity

To make the calculations possible, NIST researchers selected a specific reference point on the Martian surface, comparable to sea level at Earth's equator. Using data gathered from years of Mars missions, Patla and fellow NIST physicist Neil Ashby estimated surface gravity on Mars, which is about five times weaker than Earth's.

Gravity from Mars alone was not enough to explain the full picture. The solar system is a dynamic environment filled with massive objects that constantly pull on one another. The Sun contains more than 99% of the solar system's total mass, and its gravitational influence dominates planetary motion.




Mars' location in the solar system -- its distance from the Sun, its neighbors like Earth, the Moon, Jupiter and Saturn -- forces it into a more elongated and eccentric orbit. By contrast, Earth and the Moon follow relatively stable paths. As a result, time on the Moon consistently runs 56 microseconds faster per day than time on Earth.

"But for Mars, that's not the case. Its distance from the Sun and its eccentric orbit make the variations in time larger. A three-body problem is extremely complicated. Now we're dealing with four: the Sun, Earth, the Moon and Mars," Patla explained. "The heavy lifting was more challenging than I initially thought."

After accounting for Martian surface gravity, orbital motion, and the gravitational effects of the Sun, Earth, and Moon, Patla and Ashby arrived at their final calculation.

Paving the Way for Solar System Internet

A difference of 477 millionths of a second may seem insignificant. It is roughly one thousandth of the time it takes to blink. Yet such tiny differences matter greatly in modern technology. For example, 5G communication systems require timing accuracy within a tenth of a microsecond.

Today, messages sent between Earth and Mars take anywhere from four to 24 minutes to arrive, and sometimes even longer. Patla compared the situation to communication before the telegraph, when handwritten letters crossed oceans by ship and replies took weeks or months to return.

Developing a reliable framework for timekeeping between planets could eventually allow for synchronized communication networks across the solar system.
"The time is just right for the Moon and Mars. This is the closest we have been to realizing the science fiction vision of expanding across the solar system." Bijunath Patla, NIST physicist

"If you get synchronization, it will be almost like real-time communication without any loss of information. You don't have to wait to see what happens," Patla said.

Preparing for Future Mars Exploration

Fully synchronized interplanetary networks remain far in the future, as do permanent human settlements on Mars. Still, studying these timing challenges now helps scientists anticipate the obstacles ahead, Ashby noted.

"It may be decades before the surface of Mars is covered by the tracks of wandering rovers, but it is useful now to study the issues involved in establishing navigation systems on other planets and moons," Ashby said. "Like current global navigation systems like GPS, these systems will depend on accurate clocks, and the effects on clock rates can be analyzed with the help of Einstein's general theory of relativity."

Patla added that the research also advances fundamental science. Measuring how time behaves on distant worlds provides new tests of Einstein's theories of special and general relativity.

"It's good to know for the first time what is happening on Mars timewise. Nobody knew that before. It improves our knowledge of the theory itself, the theory of how clocks tick and relativity," he said. "The passage of time is fundamental to the theory of relativity: how you realize it, how you calculate it, and what influences it. These may seem like simple concepts, but they can be quite complicated to calculate."
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Most distant supernova: James Webb sees a star explode at cosmic dawn | ScienceDaily
Astronomers from around the world have reached a major milestone in studying the early universe. Using the James Webb Space Telescope (JWST), they identified a supernova, the explosive death of a massive star, at a distance never observed before.


						
The blast, known as SN in GRB 250314A, occurred when the universe was only about 730 million years old. This places it firmly within the era of reionisation, a period when the first stars and galaxies were beginning to emerge. The observation offers a rare and direct view of how massive stars ended their lives during this formative stage of cosmic history.

A Gamma Ray Burst Leads the Way

The discovery was first reported in the academic paper 'JWST reveals a supernova following a gamma-ray burst at z [?] 7.3,' (Astronomy & Astrophysics, 704, December 2025). The event initially drew attention after a powerful flash of high energy radiation, called a long duration Gamma Ray Burst (GRB), was detected on March 14, 2025 by the space based multi band astronomical Variable Objects Monitor (SVOM). Astronomers then used the European Southern Observatory's Very Large Telescope (ESO/VLT) to confirm that the source was located at an extreme distance.

JWST Separates the Explosion From Its Host Galaxy

The decisive observations came about 110 days after the burst, when JWST targeted the region using its Near Infrared Camera (NIRCAM). These images allowed researchers to isolate the fading light of the supernova from the much dimmer glow of its host galaxy, a critical step in confirming the nature of the explosion.

Co author and UCD School of Physics astrophysicist Dr. Antonio Martin Carrillo explained the importance of the finding: "The key observation, or smoking gun, that connects the death of massive stars with gamma-ray bursts is the discovery of a supernova emerging at the same sky location. Almost every supernova ever studied has been relatively nearby to us, with just a handful of exceptions to date. When we confirmed the age of this one, we saw a unique opportunity to probe how the Universe was there and what type of stars existed and died back then.




"Using models based on the population of supernovae associated with GRBs in our local universe, we made some predictions of what the emission should be and used it to proposed a new observation with the James Webb Space Telescope. To our surprise, our model worked remarkably well and the observed supernova seems to match really well the death of stars that we see regularly. We were also able to get a glimpse of the galaxy that hosted this dying star."

An Unexpectedly Familiar Explosion

Measurements show that this distant supernova closely matches the brightness and spectral features of SN 1998bw, a well known supernova linked to a gamma ray burst that exploded much closer to Earth. This resemblance suggests that the star behind GRB 250314A was not dramatically different from massive stars that produce similar explosions in the nearby universe.

Despite forming in an environment with very different conditions, including much lower metallicity, the star appears to have died in a familiar way. The data also rule out a far brighter type of explosion, such as a Superluminous Supernova (SLSN).

Rethinking the First Generations of Stars

These results challenge the long held idea that the earliest stars would produce explosions that were distinctly brighter or bluer than those seen today. Instead, the findings point to a surprising consistency in how massive stars end their lives across cosmic time.

While the discovery provides an important reference point for understanding stellar evolution in the early universe, it also raises new questions about why these explosions appear so uniform.

The team plans to conduct another round of JWST observations within the next one to two years. By then, the supernova should have faded by more than two magnitudes, making it easier to fully study the faint host galaxy and confirm exactly how much light came from the supernova itself.
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Mini brains reveal clear brain signals of schizophrenia and bipolar disorder | ScienceDaily
Researchers have grown pea-sized brains in the lab that are offering an unprecedented look at how neurons behave differently in schizophrenia and bipolar disorder. These psychiatric conditions affect millions of people worldwide, yet they remain difficult to diagnose because scientists have not fully understood their underlying molecular causes.


						
The findings could eventually help doctors reduce mistakes in diagnosing and treating mental health disorders. Today, many psychiatric conditions are identified through clinical judgment alone and treated using a trial-and-error approach to medication.

The research was published in the journal APL Bioengineering.

Why Schizophrenia and Bipolar Disorder Are Hard to Diagnose

"Schizophrenia and bipolar disorder are very hard to diagnose because no particular part of the brain goes off. No specific enzymes are going off like in Parkinson's, another neurological disease where doctors can diagnose and treat based on dopamine levels even though it still doesn't have a proper cure," said Annie Kathuria, a Johns Hopkins University biomedical engineer who led the study. "Our hope is that in the future we can not only confirm a patient is schizophrenic or bipolar from brain organoids, but that we can also start testing drugs on the organoids to find out what drug concentrations might help them get to a healthy state."

How Scientists Built and Studied Brain Organoids

To conduct the study, Kathuria's team created brain organoids, which are simplified versions of real human organs. They started by turning blood and skin cells from patients with schizophrenia, bipolar disorder, and from healthy individuals into stem cells capable of developing into brain-like tissue.




The team then used machine learning tools to analyze the electrical activity of cells inside these mini brains. In the human brain, neurons communicate by sending brief electrical signals to one another, and the researchers focused on identifying patterns in that activity linked to healthy and unhealthy brain function.

Electrical Biomarkers Identify Mental Illness

The scientists found that specific features of the organoids' electrical behavior acted as biomarkers for schizophrenia and bipolar disorder. Using these signals alone, they were able to correctly identify which organoids came from affected patients 83% of the time. When the tissue received gentle electrical stimulation designed to bring out more neural activity, accuracy increased to 92%.

The patterns they uncovered were complex and highly specific. Neurons from schizophrenia and bipolar disorder patients showed unusual firing spikes and timing changes across multiple electrical measurements, creating a distinct signature for each condition.

"At least molecularly, we can check what goes wrong when we are making these brains in a dish and distinguish between organoids from a healthy person, a schizophrenia patient, or a bipolar patient based on these electrophysiology signatures," Kathuria said. "We track the electrical signals produced by neurons during development, comparing them to organoids from patients without these mental health disorders."

Using Microchips to Map Brain Activity

To better understand how neurons formed networks, the researchers placed the organoids on microchips equipped with multi-electrode arrays arranged like a grid. This setup allowed them to collect data in a way similar to a tiny electroencephalogram, or EEG, the test doctors use to measure brain activity in patients.




When fully developed, the organoids reached about three millimeters in diameter. They contained multiple types of neural cells normally found in the brain's prefrontal cortex, a region involved in higher-level thinking. The mini brains also produced myelin, a substance that insulates nerve cells and helps electrical signals travel more efficiently.

Toward Personalized Psychiatric Treatments

The study included samples from just 12 patients, but Kathuria believes the results point toward meaningful clinical applications. The organoids could eventually serve as a testing platform for psychiatric medications before those drugs are prescribed to patients.

The team is now collaborating with neurosurgeons, psychiatrists, and neuroscientists at the John Hopkins School of Medicine. They are collecting additional blood samples from psychiatric patients to study how different drug concentrations affect organoid activity. Even with a limited number of samples, the researchers believe they may be able to suggest medication doses that help restore healthier neural patterns.

"That's how most doctors give patients these drugs, with a trial-and-error method that may take six or seven months to finds the right drug," Kathuria said. "Clozapine is the most common drug prescribed for schizophrenia, but about 40% of patients are resistant to it. With our organoids, maybe we won't have to do that trial-and-error period. Maybe we can give them the right drug sooner than that."
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Fusion reactors may create dark matter particles | ScienceDaily
A University of Cincinnati physicist and an international team of collaborators say they have worked out a theoretical method for producing axions inside fusion reactors. It is a challenge that even two well known fictional physicists could not solve on television.


						
On the CBS sitcom "The Big Bang Theory," characters Sheldon Cooper and Leonard Hofstadter wrestled with the same idea across three episodes in Season 5. Despite their efforts, the problem remained unsolved in the show.

Now UC physics professor Jure Zupan and his co authors from the Fermi National Laboratory, MIT and Technion-Israel Institute of Technology report a possible solution. Their findings appear in a new study published in the Journal of High Energy Physics.

Why Axions Matter to Dark Matter Research

Axions are theoretical subatomic particles that scientists believe could help explain dark matter. Dark matter is of intense interest because it plays a major role in shaping the universe after the Big Bang nearly 14 billion years ago.

Although dark matter has never been detected directly, physicists think it makes up most of the matter in the universe. Ordinary matter, including stars, planets and people, accounts for only a small fraction. Dark matter earns its name because it does not absorb or reflect light.

Its presence is inferred through gravity. The unusual motions of galaxies and the stars within them suggest that large amounts of unseen matter are exerting gravitational pull. One leading idea is that dark matter consists of extremely light particles known as axions.




Fusion Reactors as a Source of New Particles

In their study, Zupan and his colleagues examined a fusion reactor design that uses deuterium and tritium fuel inside a lithium lined vessel. This type of reactor is being developed through an international collaboration in southern France.

Such a reactor would generate vast numbers of neutrons along with energy. According to the researchers, those neutrons could also lead to the creation of particles linked to the dark sector.

"Neutrons interact with material in the walls. The resulting nuclear reactions can then create new particles," he said.

Another possible production route occurs as neutrons collide with other particles and slow down. This process releases energy in a phenomenon known as bremsstrahlung, or "braking radiation."

Through these mechanisms, the reactor could theoretically produce axions or axion like particles. Zupan noted that this is where the fictional physicists on television came up short.




The Big Bang Theory Easter Egg Explained

"The Big Bang Theory" aired from 2007 to 2019, won seven Emmys and remains one of the most watched shows on streaming platforms, according to Nielsen.

"The general idea from our paper was discussed in 'The Big Bang Theory' years ago, but Sheldon and Leonard couldn't make it work," Zupan said.

In one episode, a white board displays an equation and diagram that Zupan said represent how axions are produced in the sun. In a later episode, a different equation appears on another board. Under the calculations, drawn in a different marker color, is a clear sad face -- a visual sign of failure.

Zupan explained that the equation compares the chances of detecting axions from a fusion reactor with those coming from the sun -- and the comparison is not encouraging.

"The sun is a huge object producing a lot of power. The chance of having new particles produced from the sun that would stream to Earth is larger than having them produced in fusion reactors using the same processes as in the Sun. However, one can still produce them in reactors using a different set of processes," he said.

The show never explicitly mentions axions or explains the white boards. These details serve as inside jokes for scientists, fitting a series known for weaving concepts like Schrodinger's cat and the Doppler effect into its plots, along with appearances by Nobel Prize winners and "Star Trek" alumni.

"That's why it's fantastic to watch as a scientist," Zupan said. "There are many layers to the jokes."
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Why your vitamin D supplements might not be working | ScienceDaily
Researchers at Vanderbilt-Ingram Cancer Center report that magnesium plays a key role in regulating vitamin D levels in the body. In a randomized clinical trial, magnesium increased vitamin D in people who were deficient, while reducing levels in those who already had high amounts. The findings suggest magnesium helps keep vitamin D within a healthy range.


						
The study, published in The American Journal of Clinical Nutrition, adds clarity to long-standing debates about vitamin D's links to colorectal cancer and other diseases. These questions have gained attention due to mixed results from major studies, including the VITAL trial. The new findings also reinforce earlier research from 2013 by the same team, which found that people with low magnesium intake often had low vitamin D levels as well.

New Evidence of a Regulating Effect

Beyond confirming earlier observations, the trial uncovered an additional insight. Magnesium did not simply raise vitamin D across the board. Instead, it appeared to act as a regulator, lowering vitamin D levels in participants whose levels were already high. This is the first clinical evidence suggesting magnesium may help optimize vitamin D levels rather than just increase them, which could be important for reducing disease risk linked to vitamin D imbalance.

Qi Dai, MD, PhD, Ingram Professor of Cancer Research and lead author of the study, explained that the healthiest vitamin D range appears to fall in the middle of a U-shaped curve. Previous observational studies have linked this middle range to the lowest risk of cardiovascular disease.

Vitamin D Research Remains Mixed

Despite earlier findings, vitamin D did not show a clear link to cardiovascular disease in the recent VITAL trial. Dai and co-author Martha Shrubsole, PhD, a research professor of Medicine in the Division of Epidemiology, are now examining whether magnesium could help explain these inconsistent results. Their work is part of the ongoing Personalized Prevention of Colorectal Cancer Trial.




"There's a lot of information being debated about the relationship between vitamin D and colorectal cancer risk that is based upon observational studies versus clinical trials," Shrubsole said. "The information is mixed thus far."

Why Magnesium May Matter More Than Expected

The researchers turned their attention to magnesium after noticing that vitamin D supplements do not work equally well for everyone. Some people fail to raise their vitamin D levels even when taking high doses.

"Magnesium deficiency shuts down the vitamin D synthesis and metabolism pathway," Dai said.

The study included 250 adults considered at higher risk for colorectal cancer, either due to known risk factors or because they had previously had a precancerous polyp removed. Participants received either magnesium supplements or a placebo, with dosages tailored to their usual dietary intake.

Magnesium Deficiency Is Common in the U.S.

Shrubsole noted that vitamin D insufficiency is widely recognized as a public health concern in the United States, and many patients are advised to take supplements based on blood test results.




"Vitamin D insufficiency is something that has been recognized as a potential health problem on a fairly large scale in the U.S.," Shrubsole said. "A lot of people have received recommendations from their health care providers to take vitamin D supplements to increase their levels based upon their blood tests. In addition to vitamin D, however, magnesium deficiency is an under-recognized issue. Up to 80 percent of people do not consume enough magnesium in a day to meet the recommended dietary allowance (RDA) based on those national estimates."

Food Sources of Magnesium

Shrubsole emphasized that magnesium intake in the study matched RDA guidelines and suggested that diet is the best way to increase magnesium levels. Foods rich in magnesium include dark leafy greens, beans, whole grains, dark chocolate, fatty fish such as salmon, nuts and avocados.

Additional Vanderbilt co-authors on the study include Xiangzhu Zhu, MD, Hui Nian, PhD, Harvey Murff, MD, MPH, Reid Ness, MD, MPH, Douglas Seidner, MD and Chang Yu, PhD.
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A missing protein may be aging your immune system | ScienceDaily
As people grow older, visible changes like gray hair and weaker muscles are only part of the story. Aging also affects the immune system. One major reason is that the stem cells responsible for producing blood and immune cells can accumulate genetic mutations over time, increasing the risk of cancer and other health problems.


						
Scientists at the University of Illinois Chicago have identified a key biological process behind this shift. Writing in the journal Blood, the researchers report that aging is linked to declining levels of a protein called platelet factor 4. Even more striking, restoring this protein in older blood cells reversed several signs of cellular aging. The findings suggest a potential new target for treating age-related disorders of the blood and immune system.

The Role of Blood Stem Cells in Immune Health

Hematopoietic stem cells, often called blood stem cells, reside in the bone marrow and serve as the foundation of the body's blood and immune systems. These rare cells generate all major types of blood and immune cells needed for oxygen transport and protection against infection.

"Our hematopoietic stem cells are very rare," said UIC's Sandra Pinho, associate professor of pharmacology and regenerative medicine in the College of Medicine. "We call them the Holy Grail of the immune system."

In younger individuals, these stem cells maintain a healthy balance. They produce myeloid cells, which include red blood cells and some immune cells, as well as lymphoid cells, such as T and B cells that play a central role in fighting infections.

Why Aging Stem Cells Lose Balance

As the body ages, blood stem cells begin to favor the production of myeloid cells while generating fewer lymphoid cells. This shift alters immune function and weakens the body's ability to respond to disease.




"That's one of the reasons why, normally, older individuals are not used as donors for bone marrow transplantation, because their stem cells are not as potent," Pinho said.

This imbalance not only affects immunity but also increases vulnerability to age-related diseases.

Platelet Factor 4 and Stem Cell Control

Through studies in mice and human bone marrow samples, the researchers found that platelet factor 4 plays a central role in regulating blood stem cell behavior. In younger people and animals, the protein acts as a signaling molecule that limits how often stem cells divide. This control is especially important for stem cells that produce myeloid cells.

With age, immune cells produce less platelet factor 4. As a result, stem cells divide more frequently and without proper regulation.

"When stem cells start to divide more often than they should, and if their proliferation is not regulated, they can accumulate mutations over time," said Pinho.




In humans, these mutations are linked to chronic inflammation, a higher risk of blood cancers, and even cardiovascular disease.

Reversing Signs of Immune Aging in the Lab

The team discovered that restoring platelet factor 4 could counteract these age-related changes. Older mice received daily blood infusions of the protein for more than a month. After treatment, their blood and immune cells showed behavior and characteristics more typical of much younger animals.

Similar effects were observed in laboratory experiments using human stem cells. When platelet factor 4 was added to aged human cells, the researchers saw a clear improvement in stem cell function.

"It rejuvenated the aging of the blood system," Pinho said.

What This Means for Aging and Disease

While the results are promising, platelet factor 4 alone is not expected to reverse aging throughout the entire body or significantly extend human lifespan.

Though the effect was strong, platelet factor 4 won't be a silver bullet that reverses the aging of all tissues and prolongs the lifespan of elderly human patients alone, Pinho said. However, it could become part of broader strategies aimed at improving age-related conditions.

"It's clear evidence that it's possible to reverse, intrinsically, certain age-associated disorders," Pinho said.

Sen Zhang, a postdoctoral fellow in the Pinho lab, is the study's first author. The research was co-led by Constantinos Chronis from the Department of Biochemistry and Molecular Genetics, who also served as a co-corresponding author. Additional contributors from UIC include Charles Ayemoba, Anna Di Staulo, Kenneth Joves, Chandani Patel, Eva Leung, Maura Bueno, Xiaoping Du and Sang-Ging Ong.
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Losing weight in midlife may have a hidden brain cost | ScienceDaily
Obesity remains one of the most serious health challenges worldwide, and weight loss is often encouraged as a way to lower the risks tied to excess weight. But growing research suggests that the effects of weight loss may change with age. During midlife, losing weight may not always produce the same health benefits seen in younger adults and in some cases, it may also influence brain health.


						
In a new study from Ben-Gurion University of the Negev (BGU), researchers examined how diet-induced obesity and later weight loss affected young adult mice compared with mid-aged mice. In both groups, weight loss successfully restored healthy blood glucose control, showing that key metabolic improvements occur regardless of age. However, the scientists also observed an unexpected difference. In mid-aged mice, weight loss led to increased inflammation in the hypothalamus, a part of the brain involved in regulating appetite, energy use, and other essential functions.

Brain Inflammation Raises New Questions

This increase in brain inflammation was detected at the molecular level and through detailed microscopic imaging of microglia (the brain's immune cells). The inflammatory response lasted for several weeks before gradually declining. While the long-term effects of this response are still unclear and may even play a role in achieving metabolic improvements, the findings raise important concerns. Persistent or poorly regulated inflammation in the brain has been linked to memory problems and neurodegenerative conditions such as Alzheimer's. As a result, the study highlights new questions about how weight loss during midlife may interact with brain health.

Researchers Urge a More Nuanced View of Midlife Weight Loss

"Our findings show that losing weight in midlife is not a simple copy-and-paste of what works in young adulthood," said Alon Zemer, an M.D.-Ph.D. candidate and the first author of this paper. "Weight loss remains essential for restoring metabolic health in obesity, but we need to understand the impact of weight loss on the mid-age brain and ensure brain health is not compromised."

Dr. Alexandra Tsitrina added: "Our study characterizes the body's adaptive response to weight loss through two complementary dimensions -- molecular and structural. This high-end imaging by advanced microscopy and image analysis with advanced computational analysis enable detection of sensitive changes with potential health ramifications."

Next Steps for Protecting Brain Health

The research team stresses the importance of additional studies to better understand why this temporary but concerning brain inflammation occurs during midlife weight loss. Future work could help scientists develop approaches that maintain the metabolic advantages of weight loss while also protecting brain health as people age.

The study, titled, "Weight loss aggravates obesity-induced hypothalamic inflammation in mid-aged mice" was published in GeroScience and supported by an internal grant at BGU (with the Ilse Katz Institute of Nanoscale Science and Technology), and grants from theUS-Israel Binational Science Foundation (Grant no. 2021083) and the Israel Science Foundation (Grant No. 194/24).
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Zombie worms are missing and scientists are alarmed | ScienceDaily
In horror films, the most frightening threats are often the ones you cannot see. In the deep ocean, scientists are now facing a similar kind of unease, driven by the unexplained absence of a crucial species.


						
That species is the zombie worm, formally known as "the bone devourer" Osedax. Its disappearance may signal deeper trouble ahead, including species loss and weakening ecosystems linked to long-term climate change.

A Decade-Long Deep-Sea Experiment

Fabio De Leo, a senior staff scientist with Ocean Networks Canada (ONC) and an adjunct assistant professor in the University of Victoria's (UVic) Department of Biology, co-led a long-term experiment off the coast of British Columbia (BC). The study placed humpback whale bones on the deep ocean floor and monitored them for signs of life.

After years of observation, researchers found no trace of zombie worms, despite their well-known role in breaking down whale bones and supporting deep-sea food webs.

How Zombie Worms Feed Without a Digestive System

Osedax worms are unusual creatures. They lack a mouth, anus, and digestive tract, yet they survive by drilling root-like structures into bone. Inside those roots live microbes that extract nutrients, which then nourish the worms.




Because of this unique role, Osedax is considered an ecosystem engineer, helping recycle nutrients and create conditions that allow other species to move in.

Why the Absence Is So Concerning

Over 10 years of high-resolution underwater camera footage from ONC failed to capture any zombie worm colonization. In scientific terms, this kind of outcome is known as a negative result, and it can be just as meaningful as a positive finding.

"This was a remarkable observation in such a long-term experiment," De Leo says. He adds that the absence may be linked to unusually low oxygen levels at the study site.

Low Oxygen Zones and Whale Falls

The whale bones were placed in Barkley Canyon, nearly a thousand meters below the Pacific Ocean surface. This area lies within a naturally low-oxygen zone and along migration routes used by humpback and grey whales.




When whales die from natural causes or human-related threats such as ship strikes or fishing net entanglements, their bodies sink to the seafloor. These events create "whale falls," which normally provide a sudden surge of food that supports rich biodiversity. The lack of zombie worms at Barkley Canyon suggests that expanding oxygen minimum zones (OMZs) in the northeast Pacific and beyond may be disrupting these ecosystems.

Early data from ongoing whale fall research near another ONC NEPTUNE site points to similar concerns elsewhere.

Why Bone Devourers Matter

If the "bone devourer" is missing, the chain reaction can affect many other species. Without Osedax to break down bones and kick-start the ecological succession process, fewer organisms may be able to access nutrients stored in whale remains.

Whale falls are "almost like islands," De Leo explains, calling them "a stepping-stone habitat for this and many other whale bone specialist species."

The Risk of Species Loss

"Basically, we're talking about potential species loss," De Leo says. Adult Osedax typically live on whale bones, while their larvae travel long distances through ocean currents to colonize new whale falls, sometimes hundreds of kilometers away.

If those habitats disappear or stop functioning properly, connectivity between whale fall sites breaks down. Over time, this could lead to declining diversity of Osedax species across entire regions.

Other Deep-Sea Engineers Also Affected

The research team also found signs that another ecosystem engineer may be under stress. Wood-boring Xylophaga bivalves were present on submerged wood samples at Barkley Canyon, but their colonization rates were far lower than in oxygen-rich waters.

Slower colonization could delay carbon decomposition and reduce habitat formation for the many species that typically live inside Xylophaga burrows.

"It looks like the OMZ expansion, which is a consequence of ocean warming, will be bad news for these amazing whale-fall and wood-fall ecosystems along the northeast Pacific Margin," said Craig Smith, professor emeritus from University of Hawaii, who co-led the experiment.

How Scientists Collected the Data

De Leo and Smith relied on ONC's NEPTUNE observatory Barkley Canyon Mid-East video camera platform, along with oceanographic sensors and high-definition video collected by remotely operated vehicles.

Additional findings are expected in the coming months from a whale fall currently being monitored at NEPTUNE's Clayoquot Slope site.

The research was supported by the Canada Foundation for Innovation Major Science Initiative Fund and partly by a US National Science Foundation grant. It also aligns with United Nations Sustainable Development Goal 14, life below water.
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A rare cancer-fighting plant compound has finally been decoded | ScienceDaily
Researchers at UBC Okanagan have figured out how plants make mitraphylline, a rare natural substance that has drawn attention for its potential role in fighting cancer.


						
Mitraphylline is part of a small and unusual family of plant chemicals known as spirooxindole alkaloids. These molecules are defined by their distinctive twisted ring shapes, which help give them powerful biological effects, including anti tumor and anti inflammatory activity.

For years, scientists knew these compounds were valuable but had little understanding of how plants actually assembled them at the molecular level.

Solving a Long Standing Biological Mystery

Progress came in 2023, when a research team led by Dr. Thu-Thuy Dang in UBC Okanagan's Irving K. Barber Faculty of Science identified the first known plant enzyme capable of creating the signature spiro shape found in these molecules.

Building on that discovery, doctoral student Tuan-Anh Nguyen led new work to pinpoint two key enzymes involved in making mitraphylline -- one enzyme that arranges the molecule into the correct three dimensional structure, and another that twists it into its final form.

"This is similar to finding the missing links in an assembly line," says Dr. Dang, UBC Okanagan Principal's Research Chair in Natural Products Biotechnology. "It answers a long-standing question about how nature builds these complex molecules and gives us a new way to replicate that process."

Why Mitraphylline Is So Hard to Obtain




Many promising natural compounds exist only in extremely small quantities within plants, making them expensive or impractical to produce using traditional laboratory methods. Mitraphylline is a prime example. It appears only in trace amounts in tropical trees such as Mitragyna (kratom) and Uncaria (cat's claw), both of which belong to the coffee plant family.

By identifying the enzymes that construct and shape mitraphylline, scientists now have a clear guide for recreating this process in more sustainable and scalable ways.

Toward Greener Drug Production

"With this discovery, we have a green chemistry approach to accessing compounds with enormous pharmaceutical value," says Nguyen. "This is a result of UBC Okanagan's research environment, where students and faculty work closely to solve problems with global reach."

Nguyen also emphasized the personal impact of the work. "Being part of the team that uncovered the enzymes behind spirooxindole compounds has been amazing," he says. "UBC Okanagan's mentorship and support made this possible, and I'm excited to keep growing as a researcher here in Canada."

Global Collaboration and Future Directions

The project was a collaborative effort between Dr. Dang's laboratory at UBC Okanagan and Dr. Satya Nadakuduti's team at the University of Florida.




Funding came from several sources, including Canada's Natural Sciences and Engineering Research Council's Alliance International Collaboration program, the Canada Foundation for Innovation, and the Michael Smith Health Research BC Scholar Program. Additional support was provided by the United States Department of Agriculture's National Institute of Food and Agriculture.

"We are proud of this discovery coming from UBC Okanagan. Plants are fantastic natural chemists," Dr. Dang says. "Our next steps will focus on adapting their molecular tools to create a wider range of therapeutic compounds."
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Large Hadron Collider finally explains how fragile matter forms | ScienceDaily
Scientists have now clarified how deuterons form under extreme conditions. Protons and neutrons needed to create these tiny nuclei are released when extremely short-lived, high-energy particle states decay (so-called resonances). Once freed, the particles can join together to form deuterons. The same process also explains how antideuterons, made of antimatter, are produced. These results were reported in the journal Nature.


						
At CERN's Large Hadron Collider (LHC), proton collisions generate temperatures more than 100,000 times hotter than the Sun's core. For years, researchers did not understand how delicate particles like deuterons and antideuterons could exist in such intense heat. A deuteron contains just one proton and one neutron, held together by a relatively weak force. Under these conditions, such a light atomic nucleus should break apart almost instantly. Even so, experiments kept detecting them. Researchers have now shown that roughly 90 percent of the observed (anti)deuterons form through this newly identified process, rather than surviving the initial blast.

New Insight Into the Strong Interaction

TUM particle physicist Prof. Laura Fabbietti, a member of the ORIGINS Cluster of Excellence and SFB1258, highlights the importance of the discovery. "Our result is an important step toward a better understanding of the 'strong interaction' -- that fundamental force that binds protons and neutrons together in the atomic nucleus. The measurements clearly show: light nuclei do not form in the hot initial stage of the collision, but later, when the conditions have become somewhat cooler and calmer."

Dr. Maximilian Mahlein, a researcher at Fabbietti's Chair for Dense and Strange Hadronic Matter at the TUM School of Natural Sciences, adds that the findings have broader implications. "Our discovery is significant not only for fundamental nuclear physics research. Light atomic nuclei also form in the cosmos -- for example in interactions of cosmic rays. They could even provide clues about the still-mysterious dark matter. With our new findings, models of how these particles are formed can be improved and cosmic data interpreted more reliably."

CERN and the Large Hadron Collider

CERN (Conseil Europeen pour la Recherche Nucleaire) is the world's largest center for particle physics research. Located near Geneva on the border between Switzerland and France, it is home to the LHC, a 27-kilometer-long underground ring accelerator. Inside the LHC, protons are smashed together at nearly the speed of light. These collisions recreate conditions similar to those shortly after the Big Bang, reaching temperatures and energies not found anywhere else today. This allows scientists to study matter at its most basic level and test the fundamental laws of nature.




ALICE and the Birth of Matter

One of the LHC's key experiments is ALICE (A Large Ion Collider Experiment), which focuses on understanding the strong interaction that holds atomic nuclei together. ALICE functions like an enormous camera, able to track and reconstruct up to 2000 particles produced in a single collision. By doing so, researchers aim to recreate the universe's earliest moments and learn how a hot mixture of quarks and gluons eventually formed stable atomic nuclei and, ultimately, all matter.

Exploring Cosmic Origins and Fundamental Forces

The ORIGINS Cluster of Excellence studies how the universe and its structures came into being, from galaxies and stars to planets and the basic components of life. Its research follows the path from the smallest particles in the early universe to the development of biological systems. This includes searching for environments that could support life beyond Earth and gaining deeper insight into dark matter. In May 2025, a second funding phase for ORIGINS, proposed by TUM and Ludwig-Maximilians-Universitat Munchen (LMU), was approved under Germany's Excellence Strategy.

The Collaborative Research Center "Neutrinos and Dark Matter in Astro- and Particle Physics" (SFB 1258) concentrates on fundamental physics questions, with particular attention to the weak interaction, one of the four fundamental forces of nature. The third funding period of the SFB1258 began in January 2025.
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A massive scientific review put alternative autism therapies to the test | ScienceDaily
The most wide ranging quantitative analysis of research on complementary and alternative treatments for autism has found no strong evidence that these approaches are effective. The review also found that safety was often overlooked, with many treatments never properly evaluated for possible risks.


						
The study was led by researchers from Paris Nanterre University, Paris Cite University, and the University of Southampton and published in Nature Human Behaviour. It examined 248 meta analyses, drawing on results from 200 clinical trials that together involved more than 10,000 participants.

What Treatments Were Examined

The researchers focused on complementary, alternative and integrative medicines (CAIMs) used to treat autism. In total, they evaluated 19 different types of interventions. These included animal assisted therapies, acupuncture, herbal medicine, music therapy, probiotics, and Vitamin D supplementation.

Alongside the analysis, the research team developed an online platform designed to help the public explore the scientific evidence behind different CAIMs more easily.

Why These Treatments Are Widely Used

Autistic people may experience challenges with communication, understanding others' thoughts or emotions, managing sensory overload, coping with unfamiliar environments, and engaging in repetitive behaviors. These difficulties can affect daily life and overall wellbeing.




As a result, interest in alternative treatments is widespread. Studies suggest that up to 90 percent of autistic individuals report having tried at least one CAIM at some point in their lives.

"Many parents of autistic children, as well as autistic adults, turn to complementary and alternative medicines hoping they may help without unwanted side effects," says Professor Richard Delorme, Head of the Child and Adolescent Psychiatry Unit at Robert Debre Hospital in Paris.

"However, it is necessary to carefully consider evidence from rigorous randomized trials before concluding that these treatments should be tried."

How the Evidence Was Evaluated

To assess the full scope of existing research, the team conducted an umbrella review, a method that combines findings from multiple meta analyses to provide an overall big picture assessment.

Dr. Corentin Gosling, Associate Professor at the Paris Nanterre University and first author of the study, explains: "Rather than looking at individual trials, we reviewed all the available meta-analyses, which are a compilation of many trials. This allowed us to evaluate the full body of evidence across different treatments.




"Importantly, we also developed a free and easy-to-use online platform, which we will continue to test. Ultimately, we hope this tool will support autistic people and practitioners in choosing together the best treatment."

Weak Evidence and Limited Safety Data

Although a small number of treatments showed signs of potential benefit, most were backed by weak or low quality evidence, making the reported effects unreliable. The researchers also raised concerns about safety, noting that fewer than half of the treatments had been assessed for acceptability, tolerability, or adverse events.

Professor Samuele Cortese, NIHR Research Professor at the University of Southampton and co senior author, emphasized the importance of looking beyond individual studies. "This study shows that when people want to know whether a treatment is effective, they shouldn't just look at one single study. It's essential to consider all the available evidence and how good that evidence is. Drawing conclusions from one low-quality study can be misleading."

Study Details and Funding

The study Complementary, alternative and integrative medicine for autism: an umbrella review and online platform is published in Nature Human Behaviour and is available online.

The online platform is available at: https://ebiact-database.com

The research was funded by Agence Nationale de la Recherche (ANR).
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MIT scientists find a way to rejuvenate the immune system as we age | ScienceDaily
As people get older, the immune system often becomes less effective. Populations of T cells shrink, and the remaining cells may respond more slowly to germs. That slowdown can leave older adults more vulnerable to many kinds of infections.


						
To address this age related decline, scientists from MIT and the Broad Institute developed a method to temporarily reprogram liver cells in a way that strengthens T cell performance. The goal is to make up for the reduced output of the thymus, the organ where T cells normally mature.

In the study, the team used mRNA to deliver three important factors that support T cell survival. With this approach, they were able to rejuvenate the immune systems of mice. Older mice that received the treatment produced larger and more varied T cell populations after vaccination, and they also showed improved responses to cancer immunotherapy.

The researchers say that if this strategy can be adapted for patients, it could help people stay healthier as they age.

"If we can restore something essential like the immune system, hopefully we can help people stay free of disease for a longer span of their life," says Feng Zhang, the James and Patricia Poitras Professor of Neuroscience at MIT, who has joint appointments in the departments of Brain and Cognitive Sciences and Biological Engineering.

Zhang is also an investigator at the McGovern Institute for Brain Research at MIT, a core institute member at the Broad Institute of MIT and Harvard, and an investigator in the Howard Hughes Medical Institute. He is the senior author of the new study. Former MIT postdoc Mirco Friedrich is the lead author of the paper, which was published in Nature.

The Thymus and Why T Cells Decline With Age

The thymus is a small organ located in front of the heart, and it is essential for building a healthy supply of T cells. Inside the thymus, immature T cells go through a checkpoint process that helps create a diverse set of T cells. The thymus also releases cytokines and growth factors that help T cells survive.




But beginning in early adulthood, the thymus starts to shrink. This process is called thymic involution, and it reduces the body's ability to produce new T cells. By about age 75, the thymus is essentially nonfunctional.

"As we get older, the immune system begins to decline. We wanted to think about how can we maintain this kind of immune protection for a longer period of time, and that's what led us to think about what we can do to boost immunity," Friedrich says.

Earlier efforts to rejuvenate the immune system have often focused on sending T cell growth factors through the bloodstream, but that approach can cause harmful side effects. Other researchers are investigating whether transplanted stem cells could help regrow functional thymus tissue.

A Temporary Liver Factory Powered by mRNA

The MIT team chose a different strategy. They asked whether the body could be prompted to create a temporary "factory" that produces the same T cell stimulating signals typically made by the thymus.

"Our approach is more of a synthetic approach," Zhang says. "We're engineering the body to mimic thymic factor secretion."

They selected the liver for the job for several reasons. The liver can produce large amounts of protein even in old age. It is also easier to deliver mRNA to the liver than to many other organs. In addition, all circulating blood flows through the liver, including T cells, making it a practical place to release immune supporting signals into the bloodstream.




To build this factory, the researchers picked three immune cues involved in T cell maturation. They encoded these factors into mRNA and packaged the sequences into lipid nanoparticles. After injection into the bloodstream, the nanoparticles collect in the liver. Hepatocytes take up the mRNA and begin making the proteins encoded by it.

The three factors delivered were DLL1, FLT-3, and IL-7. These signals help immature progenitor T cells develop into fully differentiated T cells.

Vaccine and Cancer Immunotherapy Benefits in Older Mice

Experiments in mice showed multiple positive outcomes. In one test, the researchers injected the mRNA particles into 18 month old mice, roughly comparable to humans in their 50s. Because mRNA does not last long in the body, the team gave repeated doses over four weeks to keep the liver producing the factors consistently.

After the treatment, T cell populations increased substantially in both size and function.

The team then examined whether the approach improved vaccine responses. They vaccinated mice with ovalbumin, a protein found in egg whites that is often used to study immune reactions to a specific antigen. In 18 month old mice that received the mRNA treatment before vaccination, the number of cytotoxic T cells targeting ovalbumin doubled compared with untreated mice of the same age.

The researchers also found that the mRNA method could strengthen responses to cancer immunotherapy. They treated 18 month old mice with the mRNA, implanted tumors, and then gave the mice a checkpoint inhibitor drug. This drug targets PD-L1 and is intended to release the immune system's brakes so T cells can attack tumor cells more effectively.

Mice that received both the checkpoint inhibitor and the mRNA treatment had much higher survival rates and lived longer than mice that received the checkpoint inhibitor drug without the mRNA treatment.

The researchers determined that all three factors were required for the immune improvement. No single factor could reproduce the full effect. Next, the team plans to test the approach in additional animal models and search for other signaling factors that might further strengthen immune function. They also want to investigate how the treatment influences other immune cells, including B cells.

Other authors of the paper include Julie Pham, Jiakun Tian, Hongyu Chen, Jiahao Huang, Niklas Kehl, Sophia Liu, Blake Lash, Fei Chen, Xiao Wang, and Rhiannon Macrae.

The research was funded in part by the Howard Hughes Medical Institute, the K. Lisa Yang Brain-Body Center at MIT, Broad Institute Programmable Therapeutics Gift Donors, the Pershing Square Foundation, the Phillips family, J. and P. Poitras, and an EMBO Postdoctoral Fellowship.
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Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation | ScienceDaily
Researchers at Stanford Medicine have identified the biological steps that explain how mRNA-based COVID-19 vaccines can, in rare cases, lead to heart inflammation in some adolescent and young adult males. Their work also points to a potential strategy for lowering that risk.


						
By combining modern laboratory techniques with previously published data from vaccinated individuals, the team uncovered a two-stage immune response. In this process, the vaccine activates one type of immune cell, which then stimulates another. Together, these immune reactions drive inflammation that can damage heart muscle cells and set off additional inflammatory effects.

Vaccines Remain Highly Safe and Effective

The findings come despite the fact that mRNA COVID-19 vaccines have been given billions of times worldwide and continue to show an excellent safety record, said Joseph Wu, MD, PhD, director of the Stanford Cardiovascular Institute.

"The mRNA vaccines have done a tremendous job mitigating the COVID pandemic," said Wu, the Simon H. Stertzer, MD, Professor and a professor of medicine and of radiology. "Without these vaccines, more people would have gotten sick, more people would have had severe effects and more people would have died."

mRNA vaccines are considered a major advance because they can be developed quickly, adjusted as viruses change, and tailored to target very different pathogens. Still, as with any medical intervention, reactions are not identical for everyone.

Understanding Vaccine-Associated Myocarditis

One uncommon but documented side effect of mRNA COVID-19 vaccines is myocarditis, which refers to inflammation of the heart muscle. Symptoms can include chest pain, shortness of breath, fever and heart palpitations. These symptoms occur without a viral infection and typically appear within one to three days after vaccination.




Most affected individuals show elevated levels of cardiac troponin in their blood, a widely used marker of heart muscle injury. (Cardiac troponin is normally found exclusively in the heart muscle. When found circulating in blood, it indicates damage to heart muscle cells.)

The condition occurs in roughly one out of every 140,000 people after a first vaccine dose and increases to about one in 32,000 after a second dose. Rates are highest among males age 30 and younger, where it affects about one in 16,750 vaccine recipients.

Outcomes Are Usually Mild and Temporary

Wu emphasized that the majority of myocarditis cases linked to vaccination resolve quickly, with heart function either fully preserved or restored.

"It's not a heart attack in the traditional sense," he said. "There's no blockage of blood vessels as found in most common heart attacks. When symptoms are mild and the inflammation hasn't caused structural damage to the heart, we just observe these patients to make sure they recover."

In rare instances, however, severe inflammation can cause serious injury, leading to hospitalization, intensive care treatment or death.




"But COVID's worse," Wu said. He noted that a COVID-19 infection is about 10 times more likely to cause myocarditis than an mRNA-based COVID-19 vaccine, in addition to the many other risks posed by the disease.

A Closer Look at the Immune Response

Wu is a senior author of the study, publisded Dec. 10 in Science Translational Medicine, along with Masataka Nishiga, MD, PhD, a former Stanford postdoctoral scholar now at The Ohio State University. The study's lead author is Xu Cao, PhD, also a postdoctoral scholar at Stanford.

"Medical scientists are quite aware that COVID itself can cause myocarditis," Wu said. "To a lesser extent, so can the mRNA vaccines. The question is, why?"

Suspects Identified

To answer that question, the team analyzed blood samples from vaccinated individuals, including some who developed myocarditis. When they compared these samples with those from people who did not develop heart inflammation, two proteins stood out.

"Two proteins, named CXCL10 and IFN-gamma, popped up. We think these two are the major drivers of myocarditis," Wu said.

Both CXCL10 and IFN-gamma are cytokines, signaling molecules that immune cells use to communicate and coordinate their activity.

How Immune Cells Interact After Vaccination

The researchers grew human immune cells called macrophages in laboratory dishes and exposed them to mRNA vaccines. Macrophages act as early responders in immune defense.

After exposure, the macrophages released multiple cytokines, with especially high levels of CXCL10. Their behavior closely matched immune responses previously documented in vaccinated people.

When T cells were added to the system, either directly or by exposing them to fluid from the macrophage cultures, the T cells began producing large amounts of IFN-gamma. In contrast, T cells exposed to the vaccine alone did not show this spike. These findings showed that macrophages primarily produce CXCL10, while T cells are the main source of IFN-gamma following vaccination.

How the Cytokines Affect the Heart

To determine whether these cytokines directly harm the heart, the team vaccinated young male mice and observed increased cardiac troponin levels, indicating heart muscle injury.

They also found that immune cells, including macrophages and neutrophils, had entered heart tissue. Neutrophils are short-lived immune cells that respond aggressively to threats and are a major component of pus. Similar immune cell infiltration is seen in people who develop myocarditis after vaccination.

Blocking CXCL10 and IFN-gamma reduced the number of these immune cells entering the heart and limited damage to healthy tissue.

The researchers also detected increased levels of adhesion molecules in heart blood vessels. These molecules help immune cells latch onto vessel walls, making it easier for them to move into heart tissue.

Together, these findings confirmed that CXCL10 and IFN-gamma directly contribute to heart injury. Blocking them preserved much of the immune response to vaccination while lowering signs of heart damage.

Testing Human Heart Tissue Models

Wu's lab specializes in converting human skin or blood cells into stem-like cells that can become heart muscle cells, immune cells and blood vessel cells. These cells can be assembled into small, beating clusters that mimic aspects of heart function.

When these cardiac spheroids were exposed to CXCL10 and IFN-gamma collected from vaccinated immune cells, markers of heart stress rose sharply. Using inhibitors to block the cytokines reduced this damage.

Measures of heart function, including contraction strength and beating rhythm, were impaired by the cytokines but improved once the signaling was blocked.

Saved by a Soybean

Wu suspected that a widely available dietary compound might help protect the heart. Since myocarditis is more common in males and estrogen has anti-inflammatory effects, he revisited genistein, a soy-derived compound his team had studied previously.

In a 2022 study published in Cell, the researchers showed that genistein has anti-inflammatory properties and can counter marijuana-related damage to blood vessels and heart tissue.

"Genistein is only weakly absorbed when taken orally," Wu said. "Nobody ever overdosed on tofu."

Testing Genistein's Protective Effects

The team repeated their experiments while pre-treating cells, cardiac spheroids and mice (the latter by oral administration of large quantities) with genistein. This treatment reduced much of the heart damage caused by either mRNA vaccination or the CXCL10 and IFN-gamma combination.

The form of genistein used in the study was more purified and concentrated than supplements commonly sold in stores.

"It's reasonable to believe that the mRNA-vaccine-induced inflammatory response may extend to other organs," Wu said. "We and others have seen some evidence of this in lung, liver and kidney. It's possible that genistein may also reverse these changes."

Broader Implications Beyond COVID Vaccines

Heightened cytokine signaling may be a broader feature of mRNA vaccines. IFN-gamma, in particular, plays a critical role in defending the body against foreign DNA and RNA, including viral genetic material.

"Your body needs these cytokines to ward off viruses. It's essential to immune response but can become toxic in large amounts," Wu said. Excessive IFN-gamma can lead to myocarditis-like symptoms and breakdown of heart muscle proteins.

This risk is not limited to COVID vaccines alone.

"Other vaccines can cause myocarditis and inflammatory problems, but the symptoms tend to be more diffuse," Wu said. "Plus, mRNA-based COVID-19 vaccines' risks have received intense public scrutiny and media coverage. If you get chest pains from a COVID vaccine you go to the hospital to get checked out, and if the serum troponin is positive, then you get diagnosed with myocarditis. If you get achy muscles or joints from a flu vaccine, you just blow it off."

Funding and Support

The study was supported by the National Institutes of Health (grants R01 HL113006, R01 HL141371, R01 HL141851, R01 HL163680 and R01 HL176822) and the Gootter-Jensen Foundation.
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Physicists close in on the elusive sterile neutrino | ScienceDaily
Neutrinos are extraordinarily difficult to detect, yet they are among the most abundant matter particles in the Universe. According to the Standard Model of particle physics, there are three known kinds. That picture changed when scientists discovered neutrino oscillations, a phenomenon showing that neutrinos have mass and can switch between types as they move through space. Over the years, several unexplained experimental results have fueled speculation about a fourth variety known as a sterile neutrino, which would interact even more weakly than the others. Confirming its existence would mark a major shift in our understanding of fundamental physics.


						
A new study published in Nature reports the most precise direct search so far for sterile neutrinos. The work comes from the KATRIN collaboration, which analyzed radioactive decays of tritium to look for subtle signs of an additional neutrino type.

The KATRIN (Karlsruhe Tritium Neutrino) experiment was originally designed to measure the mass of neutrinos. It does this by carefully tracking the energies of electrons released during the b-decay of tritium. When tritium decays, the neutrino carries away some energy, which slightly alters the energy pattern of the emitted electrons. If a sterile neutrino were sometimes produced instead, it would leave a recognizable distortion, or "kink," in that pattern.

Located at the Karlsruhe Institute of Technology in Germany, KATRIN stretches more than 70 meters in length. Its setup includes a powerful windowless gaseous tritium source, a high-resolution spectrometer that precisely measures electron energies, and a detector that records the particles. Since beginning operations in 2019, the experiment has collected tritium b-decay data with unmatched precision, specifically searching for the tiny deviations expected from a sterile neutrino.

What the Data Reveal About Sterile Neutrinos

In the new Nature paper, the team reports the most sensitive tritium b-decay search for sterile neutrinos to date. Between 2019 and 2021, KATRIN recorded about 36 million electrons over 259 days of data taking. These measurements were compared with detailed models of b-decay and achieved accuracy better than one percent. The analysis found no evidence of a sterile neutrino.

This result rules out a broad range of possibilities that had been suggested by earlier anomalies. Those anomalies included unexpected deficits seen in reactor-neutrino experiments and gallium-source measurements, both of which had hinted at a fourth neutrino. The findings also completely contradict the Neutrino-4 experiment, which had claimed evidence for such a particle.




KATRIN's exceptionally low background means that nearly all detected electrons originate from tritium decay, allowing for a very clean measurement of the energy spectrum. Unlike oscillation experiments, which observe how neutrinos change identity after traveling some distance, KATRIN examines the energy distribution at the moment the neutrino is created. Because these methods probe different aspects of neutrino behavior, they complement each other and together provide strong evidence against the sterile neutrino hypothesis.

How KATRIN Complements Other Experiments

"Our new result is fully complementary to reactor experiments such as STEREO," explains Thierry Lasserre (Max-Planck-Institut fur Kernphysik) in Heidelberg, who led the analysis. "While reactor experiments are most sensitive to sterile-active mass splittings below a few eV2, KATRIN explores the range from a few to several hundred eV2. Together, the two approaches now consistently rule out light sterile neutrinos that would noticeably mix with the known neutrino types."

Looking Ahead to More Data and New Detectors

KATRIN will continue collecting data through 2025, which will further improve its sensitivity and allow even stricter tests for light sterile neutrinos. "By the completion of data taking in 2025, KATRIN will have recorded more than 220 million electrons in the region of interest, increasing the statistics by over a factor of six," says KATRIN co-spokesperson Kathrin Valerius (KIT). "This will allow us to push the boundaries of precision and probe mixing angles below the present limits."

An upgrade is planned for 2026, when the TRISTAN detector will be added to the experiment. TRISTAN will record the full tritium b-decay spectrum with unprecedented statistics. By bypassing the main spectrometer and measuring electron energies directly TRISTAN will be able to investigate much heavier sterile neutrinos. "This next-generation setup will open a new window into the keV-mass range, where sterile neutrinos might even form the Universe's dark matter," says co-spokesperson Susanne Mertens (Max-Planck-Institut fur Kernphysik).

An International Scientific Effort

The KATRIN Collaboration brings together scientists from more than 20 institutions across 7 countries, reflecting the global effort behind one of the most precise neutrino experiments ever built.
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New images reveal what really happens when stars explode | ScienceDaily
Astronomers have obtained remarkably detailed images of two stellar explosions -- called novae -- just days after they began. The new observations offer clear proof that these outbursts are not as simple as once believed. Instead of a single blast, the explosions can send out more than one stream of material and may even delay some of the ejection in dramatic ways.


						
The international research team reported the work in Nature Astronomy. They used interferometry at the Center for High Angular Resolution Astronomy (CHARA Array) in California, a method that combines light from multiple telescopes to create extremely sharp views. That added resolution made it possible to directly image these fast-changing events as they evolved.

"The images give us a close-up view of how material is ejected away from the star during the explosion," said Georgia State's Gail Schaefer, director of the CHARA Array. "Catching these transient events requires flexibility to adapt our night-time schedule as new targets of opportunity are discovered."

What a Nova Is and Why Shock Waves Matter

A nova happens in a close binary system when a white dwarf, the dense leftover core of a star, pulls gas from a nearby companion. As the stolen material builds up, it can ignite in a runaway nuclear reaction, triggering a sudden brightening in the sky. Until recently, astronomers mostly had to piece together the earliest stages indirectly because the expanding debris looked like a single pinpoint of light.

Seeing exactly how the ejecta blast outward and interact is key to explaining how shock waves form in novae. Those shocks were first linked to novae by NASA's Fermi Large Area Telescope (LAT). During its first 15 years, Fermi-LAT detected GeV emission from more than 20 novae, showing that these eruptions can produce gamma rays in our galaxy and pointing to their promise as multi-messenger sources.

Two 2021 Novae With Very Different Behavior

The team focused on two novae that erupted in 2021 and found that they behaved in strikingly different ways. Nova V1674 Herculis was one of the fastest ever recorded, rising and fading within days. The images revealed two separate gas flows moving in perpendicular directions -- a sign that the event involved multiple ejections interacting with each other. The timing was especially telling: the new outflows appeared in the images while NASA's Fermi Gamma-ray Space Telescope was also detecting high-energy gamma rays, directly connecting the shock-powered radiation to those colliding streams.




Nova V1405 Cassiopeiae unfolded much more slowly. It unexpectedly held onto its outer layers for more than 50 days before releasing them, offering the clearest evidence yet for a delayed expulsion in a nova. When that material finally broke free, it set off fresh shocks, and NASA's Fermi again observed gamma rays tied to the renewed violence.

"These observations allow us to watch a stellar explosion in real time, something that is very complicated and has long been thought to be extremely challenging," said Elias Aydi, lead author of the study and a professor of physics and astronomy at Texas Tech University. "Instead of seeing just a simple flash of light, we're now uncovering the true complexity of how these explosions unfold. It's like going from a grainy black-and-white photo to high-definition video."

Interferometry Reveals Structure and Spectra Confirm the Details

The ability to see such fine structure comes from interferometry, the same type of technique used to help image the black hole at the center of our galaxy. The team also compared the images with spectra from major facilities such as Gemini. Those spectra tracked changing signatures in the ejected gas, and new spectral features matched up with structures seen in the interferometric images, providing a direct one-to-one confirmation of how the flows were forming and colliding.

"This is an extraordinary leap forward," said John Monnier, a professor of astronomy at the University of Michigan, a co-author of the study and an expert in interferometric imaging. "The fact that we can now watch stars explode and immediately see the structure of the material being blasted into space is remarkable. It opens a new window into some of the most dramatic events in the universe."

What This Changes About Stellar Explosions and Gamma Rays

The findings show that novae can be far more complicated than a single sudden outburst. They also help explain why these events generate strong shocks that produce high-energy light, including gamma rays. NASA's Fermi telescope has been central to uncovering that connection, turning novae into real-world laboratories for studying shock physics and particle acceleration.




"Novae are more than fireworks in our galaxy -- they are laboratories for extreme physics," said Professor Laura Chomiuk, a co-author from Michigan State University and an expert on stellar explosions. "By seeing how and when the material is ejected, we can finally connect the dots between the nuclear reactions on the star's surface, the geometry of the ejected material and the high-energy radiation we detect from space."

Overall, the results challenge the long-standing idea that nova eruptions are single, impulsive events. The observations instead point to multiple ways a nova can unfold, including several outflows and delayed release of the star's outer envelope, reshaping how scientists understand these explosive episodes.

"This is just the beginning," Aydi said. "With more observations like these, we can finally start answering big questions about how stars live, die and affect their surroundings. Novae, once seen as simple explosions, are turning out to be much richer and more fascinating than we imagined."

The images of the two novae were collected through the CHARA Array open-access program, supported by the National Science Foundation under Grants No. AST-2034336 and AST-2407956. Georgia State's College of Arts & Sciences, Office of the Provost and Office of the Vice President for Research and Economic Development also provide institutional support for the CHARA Array.
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Earth's worst extinction was followed by a shockingly fast ocean comeback | ScienceDaily
Scientists have uncovered more than 30,000 fossilized teeth, bones, and other remains on the remote Arctic island of Spitsbergen. The fossils come from a 249 million year old marine community that included extinct reptiles, amphibians, bony fish, and sharks. Together, they document one of the earliest known expansions of land-dwelling animals into ocean ecosystems after a period of extreme global warming and mass extinction at the very beginning of the Age of Dinosaurs.


						
The fossils were first discovered in 2015, but transforming them into scientific evidence required nearly ten years of careful excavation, preparation, sorting, identification, and analysis. The results of this long effort have now been published by researchers from the Natural History Museum at the University of Oslo and the Swedish Museum of Natural History in Stockholm.

Why Spitsbergen Is a Paleontological Hotspot

Spitsbergen, part of the Svalbard archipelago, is internationally known for its exceptionally preserved marine fossils from the early Age of Dinosaurs. These remains are locked within rock layers that began as soft mud on the seafloor, formed in an ancient ocean that stretched across mid to high paleolatitudes and bordered the massive Panthalassa Super-ocean.

Among the most striking finds are the fossils of unusual marine reptiles and amphibians. These animals represent some of the earliest examples of land-based species adapting to life far from shore, marking a critical turning point in vertebrate evolution.

Life After the End-Permian Mass Extinction

According to long-standing textbook explanations, this evolutionary shift occurred after the most devastating extinction event in Earth History, which happened about 252 million years ago. Known as the end-Permian mass extinction, this event, often called the 'great dying', eliminated more than 90 percent of marine species. Scientists link the catastrophe to intense greenhouse conditions, oxygen loss in the oceans, widespread acidification, and massive volcanic eruptions tied to the breakup of the ancient Pangaean supercontinent.




How quickly marine ecosystems recovered after this disaster has been one of the most hotly debated questions in paleontology. The prevailing theory suggested a slow rebound that unfolded over roughly eight million years, with amphibians and reptiles gradually moving into open ocean environments in a step-by-step process. The fossil evidence from Spitsbergen now challenges that assumption.

A Bonebed Packed With Ancient Life

The newly studied fossil deposit on Spitsbergen is so concentrated that it forms a visible bonebed eroding out of the mountainside. This layer built up over a short geological interval, offering a rare snapshot of marine life just a few million years after the end-Permian mass extinction. Geological dating places the formation of the bonebed at around 249 million years ago.

Researchers collected fossils using 1 m2 grid sections across a total area of 36 m2, a method that ensured detailed documentation of the site. In total, more than 800 kg of material was recovered. The collection includes tiny fish scales, shark teeth, massive marine reptile bones, and even coprolites (fossilized feces).

A Rapid and Unexpected Ocean Recovery

The Spitsbergen bonebed shows that marine ecosystems rebounded far more quickly than previously believed. Within as little as three million years after the end-Permian mass extinction, the oceans supported complex food webs filled with predatory reptiles and amphibians.




One of the most surprising findings is the wide range of fully aquatic reptiles present at the site. These included archosauromorphs (distant relatives of modern crocodiles) as well as diverse ichthyosaurs ('fish-lizards'). Some species were small, squid-eating hunters measuring less than 1 m long, while others were enormous apex predators exceeding 5 m in length.

Rethinking the Origins of Marine Reptiles

A computer-based global comparison of marine animal groups underscores the importance of the Spitsbergen site. The analysis identifies the bonebed as one of the most species-rich marine vertebrate (backboned animal) assemblages known from the early Age of Dinosaurs.

The findings also suggest that the transition of reptiles and amphibians into marine environments began earlier than scientists once thought and may have started even before the end-Permian mass extinction. This 'ecosystem reset' likely created new feeding opportunities and set the stage for the structure of modern marine ecosystems.

Publication and Public Display

The study appears as a cover feature in the international journal Science. Fossils from the Spitsbergen discovery are now on public display at the University of Oslo Natural History Museum and the Swedish Museum of Natural History.
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Cancer cells depend on a dangerous DNA repair trick | ScienceDaily
The DNA inside our cells is under constant attack. One of the most dangerous forms of damage is a double-strand break, which happens when both strands of the DNA helix are cut at the same time. Under normal conditions, healthy cells rely on highly accurate repair systems to fix this kind of damage. When those precise systems break down, however, cells may fall back on a less reliable emergency option. Researchers at Scripps Research have now identified when and how this backup repair process is triggered, and why some cancer cells depend on it to stay alive.


						
Their findings also suggest that this survival strategy could be turned against tumors that rely on it.

RNA DNA Tangles That Threaten Genome Stability

The study, published in Cell Reports, examined a protein involved in untangling twisted genetic material. This includes structures known as R-loops, which are RNA-DNA tangles that can disrupt normal DNA function. These structures form when newly produced RNA fails to separate from the DNA strand it was copied from, leaving one side of the DNA exposed and vulnerable.

"R-loops are important for many different cell functions, but they must be tightly controlled," says senior author Xiaohua Wu, a professor at Scripps Research. "If they aren't properly regulated, they can accumulate to harmful levels and cause genome instability."

The Role of SETX in Cancer and Neurological Disease

The researchers focused on a helicase protein, part of a group of molecular motors that unwind tangled genetic material, known as senataxin (SETX). Changes in the SETX gene are already linked to rare neurological disorders, including ataxia and a form of amyotrophic lateral sclerosis (ALS). The same mutations also appear in certain uterine, skin and breast cancers. This connection raised an important question. How do cancer cells cope with the stress caused by excessive R-loops when SETX is missing or defective?




A Cellular Crisis Triggers Emergency Repair

To find answers, Wu's team studied cells lacking SETX that showed unusually high levels of R-loops. They then observed what happened when double-strand breaks formed at these tangled sites. As expected, the cells accumulated significant DNA damage. What surprised the researchers was how aggressively the cells responded.

"We were surprised but excited to find that the cell turns on an emergency DNA repair mechanism called break-induced replication (BIR)," says Wu.

Break-Induced Replication as a Backup System

Under normal circumstances, BIR helps rescue stalled DNA replication forks. It can also act as a fallback repair option for double-strand breaks. Instead of making small, precise fixes, BIR copies long stretches of DNA to reconnect broken pieces. This rapid and extensive copying allows cells to survive severe damage, but it comes at a cost.

"It's like an emergency repair team that works intensively but makes more mistakes," says Wu.




The researchers discovered that without SETX, R-loops accumulate directly at sites of DNA breaks. This buildup interferes with the cell's usual repair signals. As a result, the broken DNA ends are trimmed excessively, exposing long sections of single-stranded DNA. These exposed regions attract the BIR machinery, including PIF1, a helicase that is essential for BIR to operate. Together, the exposed DNA and PIF1 act as a trigger that launches the BIR repair process.

A Survival Advantage That Creates a Weakness

Although BIR is prone to errors, it allows SETX-deficient cells to survive. Over time, however, these cells become dependent on BIR to repair DNA damage. If this repair route is blocked, the cells lose their ability to fix double-strand breaks and die. This type of vulnerability is known as synthetic lethality, a principle already used in several targeted cancer treatments.

Wu's team found that SETX-deficient cells are especially reliant on three BIR-related proteins: PIF1, RAD52 and XPF.

"What's important is that these aren't essential in normal cells, which means we could selectively kill SETX-deficient tumors," says Wu.

From Discovery to Potential Therapy

While the findings point to a promising strategy, Wu cautions that clinical applications will take time.

"We're now exploring ways to inhibit these BIR factors, trying to find ones with the right activity and low toxicity," she adds.

The team is also investigating which cancers accumulate the highest levels of R-loops and under what conditions. Identifying tumors most likely to respond to BIR-targeted therapies will be a key next step.

Although SETX deficiency itself is relatively rare, many cancers build up R-loops through other pathways, including oncogene activation or hormone signaling such as estrogen in certain breast cancers. This means the approach could be relevant to a much broader range of tumors, not only those with SETX mutations.

In addition to Wu, authors of the study "Break-induced replication is activated to repair R-loop-associated double-strand breaks in SETX-deficient cells" include Tong Wu, Youhang Li, Yuqin Zhao and Sameer Bikram Shah of Scripps Research; and Linda Z. Shi of the University of California San Diego.

This work was supported by the National Institutes of Health (grants GM141868, CA294646, CA244912 and CA187052).
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Ancient wolves could only have reached this island by boat | ScienceDaily
Researchers have uncovered ancient wolf remains on a small, isolated island in the Baltic Sea, a location the animals could not have reached without human help. The findings point to a surprising possibility that prehistoric people deliberately brought grey wolves to the island and may have kept or managed them. The research was published in Proceedings of the National Academy of Sciences and led by scientists from the Francis Crick Institute, Stockholm University, the University of Aberdeen, and the University of East Anglia.


						
The remains, dated to between 3,000 and 5,000 years old, were discovered in the Stora Forvar cave on the Swedish island of Stora Karlso. Archaeological evidence shows the site was heavily used by seal hunters and fishers during the Neolithic and Bronze Ages. Covering just 2.5 square kilometres, the island has no native land mammals, which means any wolves found there must have been transported by people.

Genetic Evidence Confirms They Were Wolves

DNA analysis of two canid bones confirmed the animals were wolves rather than early dogs, with no signs of dog ancestry. Despite this, several features suggested close contact with humans. Chemical analysis of the bones showed the wolves ate large amounts of marine food, including seals and fish, matching the human diet on the island and indicating they were likely fed by people. The wolves were also smaller than typical mainland wolves, and one showed unusually low genetic diversity, often seen in isolated populations or those shaped by human control.

"The discovery of these wolves on a remote island is completely unexpected," said Dr. Linus Girdland-Flink of the University of Aberdeen, a lead author of the study. "Not only did they have ancestry indistinguishable from other Eurasian wolves, but they seemed to be living alongside humans, eating their food, and in a place they could have only have reached by boat. This paints a complex picture of the relationship between humans and wolves in the past."

Rethinking Domestication and Wolf History

The presence of wolves in a human settlement challenges traditional views of how people and wolves interacted in the past and how dogs eventually emerged. Researchers cannot yet say whether these wolves were tame, kept in captivity, or managed in another way. However, their long-term presence on an isolated island suggests intentional and ongoing human involvement.




"It was a complete surprise to see that it was a wolf and not a dog," said Pontus Skoglund of the Ancient Genomics Laboratory at the Francis Crick Institute and senior author. "This is a provocative case that raises the possibility that in certain environments, humans were able to keep wolves in their settlements, and found value in doing so."

Genetic Clues and Possible Human Care

Anders Bergstrom of the University of East Anglia and co-lead author, commented: "The genetic data is fascinating. We found that the wolf with the most complete genome had low genetic diversity, lower than any other ancient wolf we've seen. This is similar to what you see in isolated or bottlenecked populations, or in domesticated organisms. While we can't rule out that these wolves had low genetic diversity for natural reasons, it suggests that humans were interacting with and managing wolves in ways we hadn't previously considered."

One wolf from the Bronze Age also showed severe damage to a limb bone that would have reduced its ability to move or hunt. Its survival suggests it may have received care or lived in conditions where hunting large prey was unnecessary.

A Broader View of Human and Animal Relationships

By combining bone analysis with genetic data, researchers gained insights that would not have been possible using either method alone. "The combination of data has revealed new and very unexpected perspectives on Stone Age and Bronze Age human-animal interactions in general and specifically concerning wolves and also dogs," says Jan Stora, Professor of Osteoarchaeology at Stockholm University.

Overall, the findings suggest that relationships between humans and wolves in prehistory were far more varied than once thought. Rather than being limited to hunting or avoidance, these interactions sometimes involved close cooperation and management, hinting at early experiments with domestication that did not lead directly to modern dogs.
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Scientists just found the best places to look for ancient life on Mars | ScienceDaily
Long before Mars became the cold, dry world we see today, rain once fell across its surface. Water gathered in low-lying valleys and river channels, overflowed crater rims, and rushed through canyons. Some of that water may have traveled far enough to reach a vast ocean that once covered part of the planet.


						
On Earth, regions shaped by large river systems are some of the richest ecosystems on the planet -- the Amazon River basin alone supports tens of thousands of known species. Scientists believe similar environments on ancient Mars could have provided favorable conditions for life during periods when liquid water was present.

Mapping Mars' Largest Ancient River Systems

In a study published in PNAS, researchers from The University of Texas at Austin report the first detailed identification of large river drainage systems on Mars. Their analysis pinpointed 16 extensive river basins that would have offered the most promising settings for life on the red planet.

"We've known for a long time that there were rivers on Mars," said co-author Timothy A. Goudge, an assistant professor in the Department of Earth and Planetary Sciences at the UT Jackson School of Geosciences. "But we really didn't know the extent to which the rivers were organized in large drainage systems at the global scale."

Combining Data for a Planet-Wide View

Goudge and postdoctoral researcher Abdallah S. Zaki assembled previously published data on Martian valley networks, lakes, and river features. By merging these datasets, they were able to trace how individual features connected and calculate the total size of the resulting drainage systems.




Their work revealed 19 major groupings of valleys, streams, lakes, canyons, and sediment deposits. Of these, 16 formed interconnected watersheds covering at least 100,000 square kilometers. On Earth, that size marks the lower limit of what scientists define as a large drainage basin. This marks the first systematic, planet-wide effort to identify large river basins on Mars.

"We did the simplest thing that could be done. We just mapped them and pieced them together," said Zaki, who led the research.

How Mars Compares to Earth

Large watersheds are far more common on Earth than on Mars. Our planet has 91 drainage basins that exceed 100,000 square kilometers. The Amazon River basin, the largest on Earth, spans roughly 6.2 million square kilometers. Texas' Colorado River basin narrowly meets the threshold at 103,300 square kilometers.

Wherever large river systems exist, life tends to follow. Bigger rivers transport greater amounts of nutrients, helping sustain diverse ecosystems. That is why the world's largest drainage basins host extraordinary biodiversity. Some, including the Indus River basin, are also regarded as birthplaces of human civilization.

Why Mars Has Fewer Large Watersheds

On Earth, tectonic forces constantly reshape the landscape, creating mountains, valleys, and varied terrain that guide water flow and link river systems together. This geological activity plays a key role in forming large drainage networks. Mars, by contrast, lacks active tectonics, which helps explain why its river systems are fewer and generally smaller.




Even so, the researchers found that Mars' largest drainage systems played an outsized role in shaping the planet. Although they cover only about 5% of ancient Martian terrain, these regions account for roughly 42% of all material eroded by rivers on Mars.

Because sediment carries nutrients, these locations are considered prime targets in the search for evidence of past life, Zaki said, though more research is needed to determine exactly where those sediments ultimately settled.

"The longer the distance, the more you have water interacting with rocks, so there's a higher chance of chemical reactions that could be translated into signs of life," he said.

Key Targets for Future Mars Missions

Much of Mars is made up of a patchwork of smaller drainage systems. Each may have supported habitable conditions at one time. Still, the researchers say the 16 largest drainage basins stand out as especially valuable targets for future exploration focused on habitability.

"It's a really important thing to think about for future missions and where you might go to look for life," Goudge said.

Broader Impact of the Research

Department Chair Danny Stockli said the study highlights the ongoing contributions of the Jackson School to planetary science.

"Tim Goudge and his team continue to be leaders in the field, making groundbreaking contributions to the understanding of Mars' planetary surface and hydrologic processes," he said.

The study also includes co-author David Mohrig, a professor in the Department of Earth and Planetary Sciences.
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NASA's Webb telescope just discovered one of the weirdest planets ever | ScienceDaily
Scientists using NASA's James Webb Space Telescope have identified a previously unknown kind of exoplanet, one whose atmosphere defies current ideas about how planets are supposed to form.


						
The newly observed world has a stretched, lemon-like shape and may even contain diamonds deep inside. Its strange characteristics make it difficult to classify, sitting somewhere between what astronomers typically consider a planet and a star.

A Carbon World Unlike Any Other

The object, officially named PSR J2322-2650b, has an atmosphere dominated by helium and carbon rather than the familiar gases seen on most known exoplanets. With a mass comparable to Jupiter, the planet is shrouded in dark soot-like clouds. Under the intense pressures inside the planet, scientists believe carbon from these clouds could be compressed into diamonds. The planet circles a rapidly spinning neutron star.

Despite detailed observations, how this planet formed remains unknown.

"The planet orbits a star that's completely bizarre -- the mass of the Sun, but the size of a city," said University of Chicago astrophysicist Michael Zhang, the study's principal investigator. The research has been accepted for publication in The Astrophysical Journal Letters. "This is a new type of planet atmosphere that nobody has ever seen before."

"This was an absolute surprise," said Peter Gao of the Carnegie Earth and Planets Laboratory in Washington, D.C. "I remember after we got the data down, our collective reaction was 'What the heck is this?'"

A Planet Orbiting a Pulsar




PSR J2322-2650b orbits a neutron star, also known as a pulsar, that spins at extraordinary speed.

Pulsars emit powerful beams of electromagnetic radiation from their magnetic poles at intervals measured in milliseconds. Most of that radiation comes in the form of gamma rays and other high-energy particles that are invisible to Webb's infrared instruments.

Because the star itself does not overwhelm Webb's detectors, researchers can observe the planet throughout its entire orbit. This is rarely possible, since most stars shine far brighter than the planets around them.

"This system is unique because we are able to view the planet illuminated by its host star, but not see the host star at all," said Maya Beleznay, a Stanford University graduate student who helped model the planet's shape and orbit. "So we get a really pristine spectrum. And we can better study this system in more detail than normal exoplanets."

A Startling Atmospheric Discovery

When scientists analyzed the planet's atmospheric signature, they found something entirely unexpected.




"Instead of finding the normal molecules we expect to see on an exoplanet -- like water, methane and carbon dioxide -- we saw molecular carbon, specifically C3 and C2," Zhang said.

The extreme pressure inside the planet could cause that carbon to crystallize, potentially forming diamonds deep below the surface.

Still, the most puzzling issue remains unanswered.

"It's very hard to imagine how you get this extremely carbon-enriched composition," Zhang said. "It seems to rule out every known formation mechanism."

A Planet in a Deadly Embrace

PSR J2322-2650b orbits extraordinarily close to its star, just 1 million miles away. By comparison, Earth sits about 100 million miles from the Sun.

Because of this proximity, the planet completes a full orbit in just 7.8 hours (the time it takes to go around its star).

By modeling subtle changes in the planet's brightness as it moves, researchers determined that intense gravitational forces from the much heavier pulsar are stretching the planet into its lemon-like shape.

The system may belong to a rare category known as a black widow. In these systems, a fast-spinning pulsar is paired with a smaller, low-mass companion. In earlier stages, material from the companion flowed onto the pulsar, increasing its spin and fueling a powerful wind. That wind, along with intense radiation, gradually strips material away from the smaller object.

Like the spider it is named after, the pulsar slowly consumes its partner.

In this case, however, the companion is classified as an exoplanet by the International Astronomical Union, not a star.

"Did this thing form like a normal planet? No, because the composition is entirely different," Zhang said. "Did it form by stripping the outside of a star, like 'normal' black widow systems are formed? Probably not, because nuclear physics does not make pure carbon."

A Mystery Scientists Are Eager to Solve

Roger Romani of Stanford University and the Kavli Institute for Particle Astrophysics and Cosmology is one of the world's leading experts on black widow systems. He has proposed a possible explanation for the planet's strange atmosphere.

"As the companion cools down, the mixture of carbon and oxygen in the interior starts to crystallize," Romani said. "Pure carbon crystals float to the top and get mixed into the helium, and that's what we see. But then something has to happen to keep the oxygen and nitrogen away. And that's where there's controversy."

"But it's nice to not know everything," Romani added. "I'm looking forward to learning more about the weirdness of this atmosphere. It's great to have a puzzle to go after."

Why Webb Made the Difference

This discovery was only possible because of the James Webb Space Telescope's infrared sensitivity and unique observing conditions. Positioned about a million miles from Earth, Webb uses a massive sunshield to keep its instruments extremely cold, which is essential for detecting faint infrared signals.

"On the Earth, lots of things are hot, and that heat really interferes with the observations because it's another source of photons that you have to deal with," Zhang said. "It's absolutely not feasible from the ground."

Additional University of Chicago contributors included Prof. Jacob Bean, graduate student Brandon Park Coy, and Rafael Luque, who was a postdoctoral researcher at UChicago and is now with the Instituto de Astrofisica de Andalucia in Spain.

Funding for the research came from NASA and the Heising-Simons Foundation.
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Scientists may have found the best place for humans to land on Mars | ScienceDaily
Before humans can make the long trip to another world, scientists must identify a safe and practical place to land. New research led by a University of Mississippi scientist suggests one region on Mars may meet many of the requirements for future human missions.


						
Erica Luzzi, a planetary geologist and postdoctoral researcher with the Mississippi Mineral Resources Institute, led a study that uncovered signs of water ice located just below the Martian surface. The research, published in the Journal of Geophysical Research: Planets, points to a possible local water supply that astronauts could rely on during extended stays on Mars.

"If we're going to send humans to Mars, you need H2O and not just for drinking, but for propellant and all manner of applications," Luzzi said. She carried out the work during her postdoctoral research at the Bay Area Environmental Research Institute within NASA Ames Research Center.

She explained that ice close to the surface is especially valuable because it could be accessed more easily than deeply buried deposits. This approach, known as in situ resource utilization, allows explorers to use materials already available on another planet rather than transporting everything from Earth.

Ice Just Beneath the Martian Surface

By studying high resolution orbital images, the research team examined the Martian landscape and found signs of ice less than 1 meter below the surface in Amazonis Planitia. This area lies in Mars' mid latitudes and is already being considered as a possible destination for future human landings.

"The mid-latitudes offer the perfect compromise -- they get enough sunlight for power, but they're still cold enough to preserve ice near the surface," Luzzi said. "That makes them ideal for future landing sites."

The team used images from HiRISE, the most detailed camera ever sent to another planet. These images revealed craters that expose ice, patterned ground known as polygonal terrain, and other surface features that often indicate ice just below the surface.




Why Water Ice Matters for Astronauts

Accessible water ice would allow astronauts to produce drinking water, breathable oxygen, fuel, and other essentials needed to survive and work on Mars for long periods.

"For the moon, it would take us one week, more or less, to go back and forth to Earth for resupply," said Giacomo Nodjoumi, a postdoctoral researcher at the Space Science Data Center of the Italian Space Agency and a co author of the study. "But for Mars, it would take months. So, we have to be prepared for not having resupply from Earth for extended periods of time.

"The most important resources are oxygen to breathe and water to drink. That's what makes our candidate landing site really promising."

Clues to Mars' Past and Present Habitability

The presence of ice could also help scientists search for signs of life. According to the researchers, ice has the potential to preserve evidence of biological activity.




"This also has astrobiological implications," Luzzi said. "On Earth, ice can preserve biomarkers of past life, and it can also host microbial populations. So, it could tell us if Mars was ever habitable."

Next Steps Toward Confirmation

Collecting direct samples of the ice would require sending a robotic mission to the region.

"The next step would be radar analyses to better understand the depth and patchiness of the ice," Luzzi said. "The lag deposit, material on top of the ice, might vary, which affects whether the ice is preserved.

"Understanding that will help us decide where a robotic precursor should land."

A rover or future human mission would also be needed to confirm whether the ice is made entirely of water or mixed with other materials.

"We will never be sure of something if we don't have a rover, a lander or a human to take real measurements," Nodjoumi said. "We have strong evidence to suggest that this is water ice, but until we go there and measure it, we won't be 100% sure."

Although human exploration of Mars remains years away, this research helps narrow down where astronauts might one day touch down on the Red Planet.
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Nearly 70% of U.S. adults could now be classified as obese | ScienceDaily
A newly proposed definition of obesity could significantly increase the number of Americans considered to have the condition. According to researchers at Mass General Brigham, applying updated criteria developed earlier this year by the Lancet Diabetes and Endocrinology Commission raises the estimated obesity rate in the United States from about 40 percent to nearly 70 percent. The study examined data from more than 300,000 people and found that the increase was especially pronounced among older adults. The findings also showed that many individuals newly classified under the updated definition face higher risks of serious health problems. The study was published in JAMA Network Open.


						
"We already thought we had an obesity epidemic, but this is astounding," said co-first author Lindsay Fourman, MD, an endocrinologist in the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "With potentially 70 percent of the adult population now considered to have excess fat, we need to better understand what treatment approaches to prioritize."

Why BMI Alone May Miss Health Risks

For decades, obesity has primarily been defined using body mass index (BMI), a calculation based on height and weight. While BMI offers a simple estimate, it does not capture how fat is distributed throughout the body. Other anthropomorphic measures -- including waist circumference, waist-to-height ratio, and waist-to-hip ratio -- can provide additional insight by distinguishing fat mass from muscle and identifying abdominal fat linked to disease risk.

Under the updated framework, obesity is identified in two main ways. Individuals with a high BMI plus at least one elevated anthropometric measure are classified as having obesity, a category the authors call "BMI-plus-anthropometric obesity." People with a normal BMI can also be classified as having obesity if they have at least two elevated anthropometric measures, referred to as "anthropometric-only obesity." The guidelines further separate obesity into preclinical and clinical forms, with clinical obesity defined by obesity-related physical impairment or organ dysfunction. The new standards have already been endorsed by at least 76 organizations, including the American Heart Association and The Obesity Society.

Study Data Show a Sharp Rise in Obesity Rates

Researchers analyzed participants from the National Institutes of Health All of Us Research Program, which includes more than 300,000 Americans. Using the new definition, 68.6 percent of participants met the criteria for obesity, compared with 42.9 percent under the traditional BMI-based approach. The entire increase was attributed to individuals classified as having anthropometric-only obesity. Obesity rates differed across sex and race, but age showed the largest effect, with nearly 80 percent of adults over 70 meeting the new criteria.




Higher Health Risks in Newly Identified Groups

The study also found that people with anthropometric-only obesity, who would not have been labeled as having obesity under older standards, had higher rates of diabetes, cardiovascular disease, and mortality compared with individuals without obesity. Roughly half of all participants who met the new obesity definition were categorized as having clinical obesity. This percentage was only slightly lower among those with anthropometric-only obesity than among those with BMI-plus-anthropometric obesity.

"We have always recognized the limitations of BMI as a single marker for obesity because it doesn't take into account body fat distribution," said senior author Steven Grinspoon, MD, Chief of the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "Seeing an increased risk of cardiovascular disease and diabetes in this new group of people with obesity, who were not considered to have obesity before, brings up interesting questions about obesity medications and other therapeutics."

What This Means for Treatment and Future Research

The researchers note that additional studies are needed to better understand why anthropometric-only obesity develops and which treatments may be most effective. The team has previously developed a therapy aimed at reducing waist circumference and plans to evaluate how different treatment strategies might benefit this newly defined group.

"Identifying excess body fat is very important as we're finding that even people with a normal BMI but with abdominal fat accumulation are at increased health risk," Fourman said. "Body composition matters -- it's not just pounds on a scale."

Authorship: In addition to Fourman and Grinspoon, Mass General Brigham authors include Aya Awwad, Camille A. Dash, Julia E. Johnson, Allison K. Thistle, Nikhita Chahal, Sara L. Stockman, Mabel Toribio, Chika Anekwe, and Arijeet K. Gattu. Additional authors include Alba Gutierrez-Sacristan.

Disclosures: Fourman serves as a consultant to Theratechnologies and Chiesi Farmaceutici and receives grant funding to her institution from Chiesi Farmaceutici outside of this work. Grinspoon serves as a consultant to Marathon Assets Management and Exavir Therapeutics and receives grant funding to his institution from Kowa Pharmaceuticals, Gilead Sciences, and Viiv Healthcare, unrelated to this project. For the remaining authors, no conflicts were declared.

Funding: This work was supported by the National Institutes of Health (grants K23HD100266, 1R01AG087809, T32DK007028, K23HL147799, 1R01HL173028, and P30DK040561) as well as the American Heart Association-Harold Amos Medical Research Faculty Development Program, supported by the Robert Wood Johnson Foundation, and the Robert A. Winn Excellence in Clinical Trials Award Program from the Bristol Meyers Squibb Foundation. The funding organizations played no role in the design and conduct of the study, collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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Something fundamental about black holes may be changing | ScienceDaily
An international group of astronomers has uncovered strong evidence suggesting that the material surrounding supermassive black holes has not remained the same throughout the history of the universe. The findings indicate that the structure and behavior of this matter may have shifted over billions of years.


						
Led by researchers at the National Observatory of Athens, the study was published in Monthly Notices of the Royal Astronomical Society. If confirmed, the results would challenge a foundational idea in astronomy that has guided research for nearly 50 years.

What Makes Quasars So Bright

Quasars, first identified in the 1960s, rank among the most luminous objects known. They shine so intensely because they are powered by supermassive black holes pulling in surrounding matter. As this material spirals inward under immense gravity, it forms a rotating, disk-shaped structure before falling into the black hole.

Friction within this disk heats the matter to extreme temperatures. As a result, it can emit 100 to 1,000 times more light than an entire galaxy made up of about 100 billion stars. This overwhelming brightness allows quasars to outshine their host galaxies and makes them visible to telescopes across vast cosmic distances.

From Ultraviolet Light to Powerful X-Rays

The glowing disk around a black hole produces enormous amounts of ultraviolet light. Scientists believe this light plays a key role in generating the even more energetic X-rays emitted by quasars. As ultraviolet rays travel outward, they pass through clouds of highly energized particles located very close to the black hole, a region known as the "corona."

When ultraviolet light interacts with these particles, it gains energy and transforms into intense X-ray radiation. These X-rays can then be detected by space-based observatories.




A Long-Standing Cosmic Relationship Under Question

Because both types of light originate near the same black hole, astronomers have long known that ultraviolet and X-ray emissions from quasars are closely linked. Typically, brighter ultraviolet light goes hand in hand with stronger X-ray output. This relationship, identified almost five decades ago, has offered critical clues about the physical conditions near supermassive black holes.

The new study challenges the assumption that this connection is universal. That assumption suggests that the structure of matter around black holes is essentially the same everywhere and at all times in the universe.

Instead, the researchers found that when the universe was younger (about half its present age), the relationship between ultraviolet and X-ray light looked noticeably different from what astronomers see in nearby quasars today. This points to changes in how the accretion disk and corona interact over roughly the last 6.5 billions of years.

"Confirming a non-universal X-ray-to-ultraviolet relation with cosmic time is quite surprising and challenges our understanding of how supermassive black holes grow and radiate," said Dr. Antonis Georgakakis, one of the study's authors.

"We tested the result using different approaches, but it appears to be persistent."

How the Researchers Made the Discovery




To reach their conclusions, the team combined fresh X-ray observations from the eROSITA X-ray telescope with archival data from the European Space Agency's XMM-Newton X-ray observatory. Together, these datasets allowed scientists to analyze the X-ray and ultraviolet emissions of an exceptionally large sample of quasars.

The broad and consistent sky coverage provided by eROSITA proved especially important. It enabled the team to examine quasar populations on a scale that was not possible before.

Why the Findings Matter for Cosmology

The idea that the ultraviolet and X-ray relationship in quasars is universal underlies some methods that use quasars as (standard candles) to map the shape of the universe and study dark matter and dark energy. The new results suggest scientists need to be cautious, since the assumption of an unchanging black hole environment over cosmic time may not hold.

"The key advance here is methodological," said postdoctoral researcher Maria Chira of the National Observatory of Athens, who led the study.

"The eROSITA survey is vast but relatively shallow -- many quasars are detected with only a few X-ray photons. By combining these data in a robust Bayesian statistical framework, we could uncover subtle trends that would otherwise remain hidden."

What Comes Next

Upcoming eROSITA all-sky scans will allow astronomers to observe even fainter and more distant quasars. By combining these future observations with next-generation X-ray and multiwavelength surveys, researchers hope to determine whether the observed changes reflect real physical evolution or are influenced by how the data were collected.

These efforts promise deeper insight into how supermassive black holes power the brightest objects in the universe and how their behavior has transformed over cosmic time.
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Scientists replayed evolution and found a surprise | ScienceDaily
All living things must survive in environments that are constantly changing. Seasons shift from summer to winter, and weather patterns can swing from floods one year to drought the next. Populations of plants and animals are always dealing with new pressures, explains University of Vermont scientist Csenge Petak. What remains unclear is how this ongoing instability shapes evolution over time.


						
Petak wondered whether frequent environmental changes actually help populations adapt by preparing them for future challenges, or whether constant disruption slows progress. "Do populations benefit from lots of environmental fluctuations, making new generations more prepared to face future changes," she asked, "or are they impaired, forced to readapt again and again, never reaching the heights of fitness that the same populations in a stable environment could achieve?"

Simulating Evolution Across Generations

To investigate this question, Petak teamed up with University of Vermont computer scientist Lapo Frati, along with two other UVM researchers and a collaborator from the University of Cambridge. Together, they designed a groundbreaking study using advanced computer simulations that followed thousands of generations of digital organisms.

The findings, published December 15 in the Proceedings of the National Academy of Sciences (PNAS), challenged simple assumptions about evolution. "We found remarkable variation in how populations evolved in variable environments," the researchers reported. "In some cases, changing the environment helped populations find higher fitness peaks; in others, it hindered them."

Impossible to Test in a Lab

Traditional evolutionary research often tracks a single population living under one set of conditions. Frati explains that this narrow focus can miss important patterns. "Researchers often watch the long-term trajectory of one population in a specific environment, says Frati. "We picked an array of environments and see how the specifics of each one influence the trajectory of many populations."

To see why this broader approach matters, consider fruit flies living in very different parts of the world. A population in the United States might experience seasonal temperature swings, while another in Kenya alternates between long dry spells and heavy rainfall. These groups belong to the same species, yet they face very different challenges.




"Temperature fluctuations might promote better adaptation to both cold and warm seasons," Petak explains. "But repeated cycling between dry and wet seasons might actually impede adaptation to drought, forcing the population to 'restart' evolution after they experience a long period of rainfall -- leading to worse traits than in populations exposed only to drought." As a result, one population may benefit from environmental shifts while another is held back by them.

Why History Matters in Evolution

Senior author Melissa Pespeni, a biology professor at UVM, says the study's scale made these insights possible. "What's exciting about this study is that we replayed evolution hundreds of times. This gave us a bird's-eye view of how evolution played out across many different environments -- something that would be impossible to test in the lab," she said.

One major conclusion stood out. "The biggest takeaway for me is that starting point really matters. A population's history shapes how high it can climb and how hard the path is to get there, which means we can't assume one population represents an entire species."

Why These Findings Matter Now

The results have important implications for real-world problems. Scientists need to know whether plants and animals can adapt quickly enough to survive accelerating climate change. At the same time, bacteria continually evolve resistance to antibiotics, posing a growing threat to human health.




Despite this complexity, research often focuses on just one population under one type of environmental stress. Broad conclusions are then drawn about how a species will respond to change. Petak argues that this approach can be misleading. "Computational models, like ours, can be used to formulate new hypotheses about real biological populations," she says.

Testing Evolution in 105 Different Environments

In their simulations, the researchers created artificial organisms and exposed them to a wide range of shifting conditions. These digital environments reflected natural patterns such as temperature cycles and alternating periods of drought and rainfall.

"What is new in our work," Petak explains, "is that instead of studying evolution in just one variable environment, we created 105 different variable environments. This allowed us to systematically compare how populations evolve across many distinct scenarios."

AI Implications

The findings also extend beyond biology and may help inform research in artificial intelligence. Many AI systems struggle to learn new tasks without losing skills they already acquired. Co-author and UVM computer scientist Nick Cheney sees strong parallels between this challenge and evolutionary dynamics.

"AI systems have traditionally been built narrowly around solving one specific question," Cheney says. Newer approaches aim to build systems that keep learning over time. A growing field known as online continual learning, he adds, "beautifully mirror the ideas explored in this paper around how evolution, learning, and development engage with -- and benefit from -- variable and dynamic environments."

Learning How to Learn

For Frati, the broader message applies to learning systems of all kinds. "My research is about meta-learning, the capability of systems to learn to learn." he says. Just as an AI cannot be evaluated based on a single task, evolution cannot be fully understood by studying one environment alone.

The study highlights the importance of testing systems across many comparable but distinct conditions when evaluating evolvability, which Frati describes as the ability of a system to evolve to evolve.

At its core, the research shows that evolution is shaped not just by change itself, but by the order, type, and history of those changes. As Petak puts it, "Our results show that the choice of variable environment," she says, "can strongly influence the outcome."
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Mars dust storms are crackling with electricity | ScienceDaily
Mars is constantly swept by winds that lift fine dust into spinning whirlwinds known as dust devils. While studying two of these storms, the microphone on the SuperCam instrument aboard NASA's Perseverance rover unexpectedly picked up unusually strong signals. This microphone was the first ever used on Mars. Scientists later realized that the sounds came from the very center of the dust devils.


						
Researchers from the Institut de recherche en astrophysique et planetologie (CNES/CNRS/Universite de Toulouse) and the laboratoire Atmospheres et observations spatiales (CNRS/Sorbonne Universite/Universite de Versailles Saint-Quentin-en-Yvelines) analyzed the recordings and identified them as both electromagnetic and acoustic signals created by electric discharges. These discharges are similar to the mild static shocks people sometimes feel on Earth after touching a metal object in dry conditions. Although scientists had predicted such activity for decades, this marks the first time electric discharges in the Martian atmosphere have been directly observed.

How Dust Creates Electricity on Mars

The sparks form when countless tiny dust grains collide and rub against one another. This friction causes the particles to collect electrical charges, which are eventually released as short electric arcs only a few centimeters long. These tiny bursts of electricity also generate small shock waves that can be heard.

On Earth, dust particles are known to build up electric charges, especially in deserts, but this process rarely leads to visible or measurable discharges. Mars, however, provides a much more favorable environment. Its atmosphere is extremely thin and composed mostly of carbon dioxide, which means far less electrical charge is needed to trigger sparks than on Earth.

Why These Sparks Matter for Mars Chemistry

The discovery has major implications for how scientists understand the chemistry of Mars' atmosphere. The presence of electric discharges shows that the atmosphere can reach charge levels high enough to speed up the creation of highly oxidizing compounds. These reactive substances can break down organic molecules on the surface and alter many atmospheric chemicals.




This process may help explain a long standing mystery on Mars: the rapid disappearance of methane. Methane has been detected repeatedly, but it vanishes faster than existing models can explain. Electrically driven chemical reactions could be destroying it more quickly than expected.

Impacts on Climate and Future Missions

Electrical charging inside dust storms may also influence how dust moves across the planet. Since dust plays a key role in shaping Martian weather and climate, these effects could be central to understanding atmospheric behavior that remains poorly understood.

There are also practical concerns. Electrical discharges could interfere with sensitive electronics aboard robotic spacecraft and may pose hazards for future human missions if not properly managed.

Listening to Mars for New Discoveries

The SuperCam microphone aboard NASA's Perseverance rover recorded the first ever sounds from Mars in 2021, just one day after landing. Operating daily since then, it has captured more than 30 hours of audio from the planet, including wind gusts, the spinning blades of the Ingenuity helicopter, and now the sounds linked to electric discharges.

These findings highlight how powerful sound recordings can be for exploring other worlds. By listening closely, scientists are uncovering hidden processes that would otherwise remain invisible.
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The brain has a hidden language and scientists just found it | ScienceDaily
Scientists have developed a protein that can record the chemical messages brain cells receive, rather than focusing only on the signals they send out. These incoming signals are created when neurons release glutamate, a neurotransmitter that plays a vital role in brain communication. Although glutamate is essential for processes like learning and memory, its activity has been extremely difficult to measure because the signals are faint and happen very quickly.


						
This new tool makes it possible to detect those subtle chemical messages as they arrive, giving researchers access to a part of brain communication that has long been hidden.

Why this discovery matters

Being able to observe incoming signals allows scientists to study how neurons process information. Each brain cell receives thousands of inputs, and how it combines those signals determines whether it produces an output. This process is thought to underlie decisions, thoughts, and memories, and studying it directly could help explain how the brain performs complex computations.

The advance also opens new paths for disease research. Problems with glutamate signaling have been linked to conditions such as Alzheimer's disease, schizophrenia, autism, epilepsy, and others. By measuring these signals more precisely, researchers may be able to identify the biological roots of these disorders.

Drug development could also benefit. Pharmaceutical companies can use these sensors to see how experimental treatments affect real synaptic activity, which may help speed up the search for more effective therapies.

Introducing a powerful glutamate sensor

The protein was engineered by researchers at the Allen Institute and HHMI's Janelia Research Campus. Known as iGluSnFR4 (pronounced 'glue sniffer'), it acts as a molecular "glutamate indicator." Its sensitivity allows it to detect even the weakest incoming signals exchanged between neurons.




By revealing when and where glutamate is released, iGluSnFR4 provides a new way to interpret the complex patterns of brain activity that support learning, memory, and emotion. It gives scientists the ability to watch neurons communicate inside the brain in real time. The findings were recently published in Nature Methods and could significantly change how neural activity is measured and analyzed in neuroscience research.

How brain cells communicate

To understand the impact of this advance, it helps to look at how neurons interact. The brain contains billions of neurons that communicate by sending electrical signals along branch-like structures called axons. When an electrical signal reaches the end of an axon, it cannot cross the small gap to the next neuron, which is known as a synapse.

Instead, the signal triggers the release of neurotransmitters into the synapse. Glutamate is the most common of these chemical messengers and plays a key role in memory, learning, and emotion. When glutamate reaches the next neuron, it can cause that cell to fire, continuing the chain of communication.

From fragments to the full conversation

This process can be compared to falling dominos, but it is far more complex. Each neuron receives input from thousands of others, and only certain combinations and patterns of activity will trigger the receiving neuron to fire. With this new protein sensor, scientists can now identify which patterns of incoming activity lead to that response.




Until now, observing these incoming signals in living brain tissue was nearly impossible. Previous technologies were too slow or lacked the sensitivity needed to measure activity at individual synapses. As a result, researchers could only see pieces of the communication process rather than the full exchange. This new approach allows them to capture the entire conversation.

Making sense of neural connections

"It's like reading a book with all the words scrambled and not understanding the order of the words or how they're arranged," said Kaspar Podgorski, Ph.D., a lead author of the study and senior scientist at the Allen Institute. "I feel like what we're doing here is adding the connections between those neurons and by doing that, we now understand the order of the words on the pages, and what they mean."

Before protein sensors like iGluSnFR4 were available, researchers could only measure outgoing signals from neurons. This left a major gap in understanding, since the incoming signals were too fast and too faint to detect.

"Neuroscientists have pretty good ways of measuring structural connections between neurons, and in separate experiments, we can measure what some of the neurons in the brain are saying, but we haven't been good at combining these two kinds of information. It's hard to measure what neurons are saying to which other neurons," Podgorski said. "What we have invented here is a way of measuring information that comes into neurons from different sources, and that's been a critical part missing from neuroscience research."

Collaboration behind the breakthrough

"The success of iGluSnFR4 stems from our close collaboration started at HHMI's Janelia Research Campus between the GENIE Project team and Kaspar's lab. That research has extended to the phenomenal in vivo characterization work done by the Allen Institute's Neural Dynamics group," said Jeremy Hasseman, Ph.D., a scientist with HHMI's Janelia Research Campus. "This was a great example of collaboration across labs and institutes to enable new discoveries in neuroscience."

A new window into brain function

This discovery overcomes a major limitation in modern neuroscience by making it possible to directly observe how neurons receive information. With iGluSnFR4 now available to researchers through Addgene, scientists have a powerful new tool to explore brain function in greater detail. As this technology spreads, it may help reveal answers to some of the brain's most enduring questions.
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A gold catalyst just broke a decade old green chemistry record | ScienceDaily
Acetaldehyde is an essential chemical building block that plays a major role in modern manufacturing. It is commonly produced using the ethylene-based Wacker oxidation process, a method that is expensive and carries significant environmental drawbacks. Converting bioethanol into acetaldehyde through selective oxidation offers a more sustainable alternative, but most existing catalysts face a familiar problem. When activity increases, selectivity often drops, leaving acetaldehyde yields below 90%.


						
More than ten years ago, researchers Liu and Hensen demonstrated an important advance using an Au/MgCuCr2O4 catalyst. Their work revealed a specific Au0-Cu+ interaction that delivered acetaldehyde yields exceeding 95% at 250degC, while remaining stable for more than 500 hours (J. Am. Chem. Soc. 2013, 135, 14032; J. Catal. 2015, 331, 138; J. Catal. 2017, 347, 45). Despite this milestone, developing safer, non-toxic catalysts that can achieve similar performance at lower temperatures has remained an unresolved challenge.

New Gold Perovskite Catalysts Push Performance Further

Recent progress from a research team led by Prof. Peng Liu (Huazhong University of Science and Technology) and Prof. Emiel J.M. Hensen (Eindhoven University of Technology) marks a significant step forward. The team designed a series of Au/LaMnCuO3 catalysts with different manganese-to-copper ratios. Among them, Au/LaMn0.75Cu0.25O3 stood out for its strong cooperative interaction between gold nanoparticles and a moderately copper-doped LaMnO3 perovskite structure.

This carefully tuned synergy allowed ethanol oxidation to proceed efficiently at temperatures below 250oC. The new catalyst outperformed the long-standing Au/MgCuCr2O4 benchmark, and the results were reported in the Chinese Journal of Catalysis.

Optimizing Catalyst Design for Higher Yield and Stability

To improve the efficiency of converting bioethanol into acetaldehyde -- a valuable chemical used in plastics and pharmaceuticals, the researchers focused on perovskite-based catalyst supports. These materials were produced using a sol-gel combustion process and then coated with gold nanoparticles. By adjusting the manganese and copper content, the team identified an optimal formulation (Au/LaMn0.75Cu0.25O3) that achieved a 95% acetaldehyde yield at 225degC and remained stable for 80 hours.




Catalysts with higher copper levels performed worse, mainly because copper tends to lose its active chemical state during the reaction. The strong performance of the optimized catalyst was traced to a cooperative interaction among gold, manganese, and copper ions.

How Gold, Copper, and Manganese Work Together

To explain why the new catalyst performs so well, the researchers carried out detailed computational studies using density functional theory and microkinetic modeling. These simulations showed that introducing copper into the perovskite structure creates highly active sites near the gold particles. These sites make it easier for oxygen and ethanol molecules to react.

The optimized catalyst also lowers the energy barrier for key reaction steps, allowing the process to proceed more efficiently. Together, experimental data and theoretical modeling emphasize the importance of precisely tuning catalyst composition to achieve higher efficiency and better stability.
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This common food ingredient may shape a child's health for life | ScienceDaily
Researchers from the Institut Pasteur and Inserm have found that when mother mice consume dietary emulsifiers, it can negatively affect the gut microbiota of their offspring. These early changes in gut bacteria are linked to a higher risk of chronic inflammatory bowel conditions and obesity later in life. The findings point to possible health effects that extend across generations and underscore the need for human studies, particularly to understand how early-life exposure to emulsifiers may influence long-term health. The study was published in Nature Communications.


						
Emulsifiers are additives widely used in processed foods to improve texture and extend shelf life. They are common in products such as dairy items, baked goods, ice cream, and some powdered baby formulas. Despite their widespread use, scientists still know relatively little about how these substances affect human health, especially their impact on the gut microbiota.

How the Study Was Conducted

The research was led by Benoit Chassaing, Inserm Research Director and Head of the Microbiome-Host Interactions laboratory (an Inserm unit at the Institut Pasteur). In the study, female mice were given two commonly used emulsifiers, carboxymethyl cellulose (E466) and polysorbate 80 (E433), starting ten weeks before pregnancy and continuing through pregnancy and breastfeeding. The researchers then examined the gut microbiota of the offspring, which had never directly consumed these emulsifiers themselves.

The results showed that the young mice experienced noticeable changes in their gut bacteria within the first weeks of life. This period is especially important because mothers naturally pass part of their microbiota to their offspring through close contact.

Disrupted Gut-Immune Communication

The altered microbiota included higher levels of flagellated bacteria, which are known to activate the immune system and promote inflammation. The researchers also observed that more bacteria were coming into close contact with the gut lining. This process, described as bacterial "encroachment," caused certain gut pathways to close earlier than normal. These pathways usually allow small bacterial fragments to cross the gut lining so the immune system can recognize them and learn to tolerate the body's own microbiota.




When these pathways closed too soon in the offspring of emulsifier-exposed mothers, communication between the gut microbiota and the immune system was disrupted. As the animals reached adulthood, this disruption led to an overactive immune response and chronic inflammation, significantly increasing the risk of inflammatory gut diseases and obesity. The study links early-life microbiota changes in mice, even without direct emulsifier consumption, to a higher likelihood of developing these chronic conditions later on.

Implications for Human Health

"It is crucial for us to develop a better understanding of how what we eat can influence future generations' health. These findings highlight how important it is to regulate the use of food additives, especially in powdered baby formulas, which often contain such additives and are consumed at a critical moment for microbiota establishment. We want to continue this research with clinical trials to study mother-to-infant microbiota transmission, both in cases of maternal nutrition with or without food additives and in cases of infants directly exposed to these substances in baby formula," comments Benoit Chassaing, last author of the study.

This work was funded by a Starting Grant and a Consolidator Grant from the European Research Council (ERC).
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A strange star near a black hole is defying expectations | ScienceDaily
Astronomers at the University of Hawai`i Institute for Astronomy (IfA) have pieced together the dramatic history of a distant red giant by studying subtle changes in its light. Tiny fluctuations in brightness reveal that the star may have collided and merged with another star long ago, a violent event that likely left it spinning much faster than normal. Today, this unusual star circles a quiet black hole in a system known as Gaia BH2.


						
Using observations from NASA's Transiting Exoplanet Survey Satellite (TESS), the team detected faint vibrations known as "starquakes" moving through the red giant, which is the companion to the black hole. Gaia BH2 itself was first identified in 2023 by the European Space Agency's Gaia mission. Much like earthquakes help scientists explore Earth's interior, these stellar tremors allowed astronomers to probe deep inside the star and precisely measure properties of its core. The results of this work were recently published in Astronomical Journal.

"Just like seismologists use earthquakes to study Earth's interior, we can use stellar oscillations to understand what's happening inside distant stars," said IfA research scientist Daniel Hey, lead author of the study. "These vibrations told us something unexpected about this star's history."

A Star That Appears Older Than It Is

One of the most surprising findings came from the star's chemical composition. The red giant is described as "alpha-rich," meaning it contains large amounts of heavy elements that are typically found in very old stars. Based on its chemistry alone, the star should be ancient.

However, analysis of its internal vibrations told a different story. The star is actually about 5 billion years old, far younger than its chemical makeup would suggest. That mismatch presents a puzzle for astronomers trying to understand how the star formed.

"Young, alpha-rich stars are quite rare and puzzling," explained Hey. "The combination of youth and ancient chemistry suggests this star didn't evolve in isolation. It likely acquired extra mass from a companion, either through a merger or by absorbing material when the black hole formed."

Spinning Faster Than Expected




Additional clues came from long-term monitoring with ground-based telescopes. These observations show the star completes one full rotation every 398 days, which is unusually fast for a red giant of its age that evolved alone.

"If this rotation is real, it can't be explained by the star's birth spin alone," said co-author Joel Ong, a NASA Hubble Fellow at IfA. "The star must have been spun up through tidal interactions with its companion, which further supports the idea that this system has a complex history."

Comparing Quiet Black Hole Systems

The researchers also studied Gaia BH3, another black hole system with an even stranger companion star. Existing models predicted that this star should display strong oscillations, yet none were observed. This unexpected result suggests that current theories about stars with extremely low metal content may need to be revised.

Both Gaia BH2 and Gaia BH3 belong to a class of dormant black hole systems. These black holes are not actively pulling in material from their companion stars, which means they do not emit X-rays. Instead, astronomers discovered them by carefully tracking the motion of nearby stars. These findings are changing how scientists search for and study black holes within the Milky Way.

What Comes Next

Future observations from TESS will allow astronomers to study Gaia BH2's stellar vibrations in even greater detail. With more data, the team hopes to confirm whether the red giant truly formed through a past stellar merger and to better understand how these quiet black hole pairs develop over time.
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How Earth endured a planet-wide inferno: The secret water vault under our feet | ScienceDaily
Around 4.6 billion years ago, Earth looked nothing like the calm, blue world we see today. Repeated and powerful impacts from space kept the planet's surface and interior in a turbulent, molten state. Much of Earth was covered by a global ocean of magma, with temperatures so extreme that liquid water could not survive. The young planet more closely resembled a blazing furnace than a place capable of supporting oceans or life.


						
Today, however, oceans cover about 70% of Earth's surface. How water managed to endure the transition from this molten early phase to a largely solid planet has long puzzled scientists and driven decades of research.

Water Hidden Deep Inside the Planet

A recent study led by Prof. Zhixue Du of the Guangzhou Institute of Geochemistry of the Chinese Academy of Sciences (GIGCAS) offers a new explanation. The team found that large amounts of water could have been stored deep within Earth's mantle as it cooled and crystallized from molten rock.

Their results, published in Science on December 11, are changing how scientists think about water storage deep inside the planet. The researchers showed that bridgmanite, the most abundant mineral in Earth's mantle, can function like a microscopic "water container." This ability may have allowed early Earth to trap significant amounts of water below the surface as the planet solidified.

According to the team, this early reservoir of water may have played a key role in Earth's transformation from a hostile, fiery world into one capable of supporting life.

Testing Water Storage Under Extreme Conditions

Earlier experiments suggested that bridgmanite could only hold small amounts of water. Those studies, however, were conducted at relatively low temperatures. To revisit the question, the researchers had to overcome two major hurdles. They needed to recreate the intense pressures and temperatures found more than 660 kilometers beneath Earth's surface, and they had to detect extremely small traces of water in mineral samples, some thinner than one tenth the width of a human hair and containing only a few hundred parts per million of water.




To meet these challenges, the team built a diamond anvil cell system combined with laser heating and high-temperature imaging. This custom-designed setup allowed them to push temperatures as high as ~4,100 degC. By reproducing deep mantle conditions and accurately measuring equilibrium temperatures, the researchers were able to explore how heat affects the way minerals absorb water.

Advanced Tools Reveal Hidden Water

Using the advanced analytical facilities at GIGCAS, the scientists applied techniques including cryogenic three-dimensional electron diffraction and NanoSIMS. Working with Prof. LONG Tao from the Institute of Geology of the Chinese Academy of Geological Sciences, they also incorporated atom probe tomography (APT).

Together, these methods acted like ultra-high-resolution "chemical CT scanners" and "mass spectrometers" for the microscopic world. This approach allowed the team to map how water is distributed inside tiny samples and confirm that water is structurally dissolved within bridgmanite itself.

A Much Wetter Deep Mantle Than Expected

The experiments revealed that bridgmanite's ability to trap water, measured by its water partition coefficient, increases sharply at higher temperatures. During Earth's hottest magma ocean phase, newly formed bridgmanite could have stored far more water than scientists once believed. This finding challenges the long-standing assumption that the lower mantle is almost completely dry.




Using these results, the team modeled how Earth's magma ocean cooled and crystallized. Their simulations suggest that, because bridgmanite held water so efficiently under extreme heat, the lower mantle became the largest water reservoir within the solid Earth after the magma ocean cooled. The model indicates that this reservoir could be five to 100 times larger than earlier estimates, with total water amounts ranging from 0.08 to 1 times the volume of today's oceans.

How Deep Water Shaped Earth's Evolution

This deeply stored water did not simply remain trapped. Instead, it acted as a "lubricant" for Earth's internal engine. By lowering the melting point and viscosity of mantle rocks, the water helped drive internal circulation and plate motion, giving the planet long-term geological energy.

Over vast spans of time, some of this water was slowly returned to the surface through volcanic and magmatic activity. This process contributed to the formation of Earth's early atmosphere and oceans. The researchers suggest that this buried "spark of water" may have been a decisive factor in turning Earth from a molten inferno into the blue, life-friendly planet we know today.
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Back from the dead: "Extinct" fish rediscovered in a remote Bolivian pond after 20 years | ScienceDaily

The species had not been observed for more than 20 years. Its original habitat was destroyed and converted into farmland, and repeated searches over the years failed to locate any surviving individuals. As a result, Moema claudiae was classified as Critically Endangered under IUCN criteria and widely believed to be possibly extinct.

A Surviving Population Found in a Remote Pond

During a recent field expedition, researchers Heinz Arno Drawert and Thomas Otto Litz made a breakthrough. They discovered a living population of Moema claudiae in a small, temporary pond located within a fragment of forest surrounded by agricultural land.

This marks the first confirmed record of the species in more than two decades. The discovery, published in the open-access journal Nature Conservation, allowed scientists to photograph the fish alive for the first time. It also gave researchers the opportunity to observe its behavior and investigate aspects of its natural history that were previously unknown.

A Personal and Scientific Milestone

Thomas Litz, one of the study's co-authors, described the rediscovery as deeply meaningful. "For me, it is something special to have rediscovered Moema claudiae. This has shown that we now have the opportunity to preserve this species in the wild. I am all the more pleased because Prof. Wilson Costa named this species after his wife Claudia, and I would like to take this opportunity to thank him especially for decades of collaboration and support."

A Global Hotspot for Seasonal Killifish Diversity




The rediscovered site turned out to be remarkable for more than just one species. In addition to Moema claudiae, researchers identified six other species of seasonal killifish in the same habitat. This makes it the most genetically diverse assemblage of seasonal killifish ever documented anywhere in the world.

The area sits at a unique ecological crossroads where the Amazon forest meets the Llanos de Moxos savannas. This transition zone appears to support exceptional biodiversity. However, widespread deforestation and expanding agriculture are rapidly reducing these habitats.

Urgent Calls for Habitat Protection

Following the discovery, scientists stressed the need for immediate conservation action. The newly identified site is currently the only known location that supports a wild population of Moema claudiae. It is also an important global center of seasonal killifish diversity.

Over the past 25 years, Bolivia has lost nearly 10 million hectares of forest, including critical wetlands. The pace of deforestation has increased sharply in recent years, putting many unique species and ecosystems at risk.

"Without rapid and effective action to curb the irrational expansion of the agricultural frontier in Bolivia's lowlands, we risk losing some of the world's most important terrestrial and aquatic ecosystems, and with them the irreplaceable goods and services they provide," said co-author Heinz Drawert. "We cannot hope to achieve true social and economic well-being unless we also maintain the functionality of the ecosystems that sustain it."
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MIT study shows high-fat diets give liver cancer a dangerous head start | ScienceDaily
A diet high in fat is one of the strongest contributors to liver cancer risk. New research from MIT sheds light on why this happens, showing that fatty diets can fundamentally alter liver cells in ways that make cancer more likely to develop.


						
The researchers discovered that when the liver is repeatedly exposed to a high-fat diet, mature liver cells called hepatocytes undergo a major change. Instead of remaining fully specialized, these cells shift into a more primitive, stem-cell-like state. This transformation allows them to better withstand the stress caused by excess fat, but over time it also increases their vulnerability to becoming cancerous.

"If cells are forced to deal with a stressor, such as a high-fat diet, over and over again, they will do things that will help them survive, but at the risk of increased susceptibility to tumorigenesis," says Alex K. Shalek, director of the Institute for Medical Engineering and Sciences (IMES), the J. W. Kieckhefer Professor in IMES and the Department of Chemistry, and a member of the Koch Institute for Integrative Cancer Research at MIT, the Ragon Institute of MGH, MIT, and Harvard, and the Broad Institute of MIT and Harvard.

The team also identified several transcription factors that appear to regulate this cellular shift. These factors may eventually serve as targets for drugs designed to reduce the risk of tumor formation in people who are especially vulnerable.

Shalek; Omer Yilmaz, an MIT associate professor of biology and a member of the Koch Institute; and Wolfram Goessling, co-director of the Harvard-MIT Program in Health Sciences and Technology, are the senior authors of the study, which was published on December 22 in Cell. MIT graduate student Constantine Tzouanas, former MIT postdoc Jessica Shay, and Massachusetts General Brigham postdoc Marc Sherman are the co-first authors of the paper.

How Fatty Diets Trigger Liver Cell Reversion

High-fat diets can cause inflammation and fat accumulation in the liver, leading to a condition known as steatotic liver disease. This disease may also arise from long-term metabolic stressors such as heavy alcohol consumption and can progress to cirrhosis, liver failure, and ultimately cancer.




In this study, the researchers set out to understand how liver cells respond at a molecular level when exposed to a high-fat diet, focusing on which genes become more or less active as the stress continues.

To investigate this process, the team fed mice a high-fat diet and used single-cell RNA-sequencing to analyze liver cells at key stages of disease development. This approach allowed them to follow changes in gene activity as the animals progressed from liver inflammation to tissue scarring and eventually cancer.

Early on, hepatocytes began activating genes that help cells survive harsh conditions. These included genes that reduce the likelihood of programmed cell death and promote continued cell growth. At the same time, genes essential for normal liver function, including those involved in metabolism and protein secretion, were gradually shut down.

"This really looks like a trade-off, prioritizing what's good for the individual cell to stay alive in a stressful environment, at the expense of what the collective tissue should be doing," Tzouanas says.

Some of these genetic shifts occurred quickly, while others unfolded more slowly. The decline in metabolic enzyme production, for example, developed over a longer period. By the end of the study, nearly all mice fed a high-fat diet had developed liver cancer.

Why Immature Liver Cells Fuel Cancer Development

The researchers found that when liver cells exist in a less mature state, they are more likely to become cancerous if a damaging mutation occurs later.




"These cells have already turned on the same genes that they're going to need to become cancerous. They've already shifted away from the mature identity that would otherwise drag down their ability to proliferate," Tzouanas says. "Once a cell picks up the wrong mutation, then it's really off to the races and they've already gotten a head start on some of those hallmarks of cancer."

The study also highlighted several genes that appear to coordinate the shift back to an immature cell state. During the course of the research, a drug targeting one of these genes (thyroid hormone receptor) received approval to treat a severe form of steatotic liver disease known as MASH fibrosis. In addition, a drug that activates another enzyme identified in the study (HMGCS2) is currently being tested in clinical trials for steatotic liver disease.

Another promising target uncovered by the research is a transcription factor called SOX4. This factor is usually active during fetal development and in a limited number of adult tissues (but not the liver), making its activation in liver cells particularly notable.

Evidence From Human Liver Disease

After identifying these cellular changes in mice, the researchers examined whether similar patterns occur in people with liver disease. They analyzed liver tissue samples from patients at different stages of disease, including individuals who had not yet developed cancer.

The results closely mirrored what was seen in mice. Over time, genes required for normal liver function declined, while genes linked to immature cell states increased. The researchers also found that these gene expression patterns could be used to predict patient survival outcomes.

"Patients who had higher expression of these pro-cell-survival genes that are turned on with high-fat diet survived for less time after tumors developed," Tzouanas says. "And if a patient has lower expression of genes that support the functions that the liver normally performs, they also survive for less time."

While mice developed cancer within about a year, the researchers estimate that the same process in humans likely unfolds over a much longer period, potentially around 20 years. The exact timeline can vary depending on diet and other risk factors, including alcohol use and viral infections, which can also push liver cells toward an immature state.

Can Diet-Driven Damage Be Reversed?

The research team now plans to explore whether the cellular changes caused by high-fat diets can be undone. Future studies will test whether returning to a healthier diet or using weight-loss medications such as GLP-1 agonists can restore normal liver cell behavior.

They also aim to further investigate whether the transcription factors identified in the study could serve as effective drug targets to prevent damaged liver tissue from progressing to cancer.

"We now have all these new molecular targets and a better understanding of what is underlying the biology, which could give us new angles to improve outcomes for patients," Shalek says.

The research was funded, in part, by a Fannie and John Hertz Foundation Fellowship, a National Science Foundation Graduate Research Fellowship, the National Institutes of Health, and the MIT Stem Cell Initiative through Foundation MIT.
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Why some people keep making the same bad decisions | ScienceDaily
People constantly take in information from their surroundings, including visual details and background sounds. Over time, the brain learns to connect these cues with what usually happens next. For example, a familiar sign, sound, or setting can signal whether a choice is likely to lead to a reward or a negative outcome. This process is known as associative learning, which simply means learning through repeated connections between cues and results. In everyday life, this kind of learning helps people make faster and often better decisions.


						
However, this system does not work the same way for everyone. For people with compulsive disorders, addictions, or anxiety, these learned associations can become overly powerful. Instead of serving as helpful guides, cues may start to dominate decision making. Individuals may feel pulled toward certain sights or sounds or strongly driven to avoid them, even when doing so leads to poor outcomes.

Studying Biased Decision Making

To better understand how this happens, Giuseppe di Pellegrino of the University of Bologna led a study focused on how people learn from cues and how this learning can sometimes go wrong. The research examined maladaptive decision making, which refers to choices that continue to cause harm or disadvantage despite repeated negative consequences.

As described in their JNeurosci paper, the researchers found that people differ widely in how much they rely on environmental cues when making decisions. Some individuals depend heavily on surrounding visuals and sounds to guide their choices, while others rely on them far less.

Why Some People Struggle to Adapt

The study also revealed an important problem for those who are highly cue driven. When familiar cues start to signal riskier or less favorable outcomes, these individuals often struggle to adjust. They may have difficulty updating their beliefs about what those cues mean and unlearning old associations that no longer apply. In practical terms, this means the brain keeps responding as if nothing has changed, even when the situation clearly has.




As a result, disadvantageous decision making can persist over time. Instead of adapting to new information, people may repeat the same risky or harmful choices again and again.

Implications for Addiction and Anxiety

According to the researchers, these findings suggest that some people have stronger cue sensitivity than others, combined with a reduced ability to revise what they have learned about those cues. This combination may help explain why certain decision patterns are so hard to break.

The research team plans to continue studying associative learning in patient populations. Their goal is to better understand whether the harmful decision patterns -- which characterize addictions, compulsive disorders, and anxiety -- are more likely to occur in people who are especially sensitive to the sights and sounds that influence their choices.
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What cannabis really does for chronic pain | ScienceDaily
A large review of medical studies examined whether cannabis-based products can help people living with chronic pain, a condition defined as pain that lasts for months or even years. The analysis included data from more than 2,300 adults and focused on products containing different amounts of two well-known cannabis compounds: tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is the compound responsible for the "high" associated with marijuana, while CBD does not cause intoxication and is often marketed for wellness and pain relief.


						
The review found that cannabis products with higher levels of THC compared to CBD may offer small, short-term improvements in pain levels and physical functioning. These modest benefits were most noticeable among people with nerve-related pain, also known as neuropathic pain, which can cause burning, tingling, or shooting sensations. However, the potential benefits came with drawbacks. Products higher in THC were also linked to a greater risk of common side effects. In contrast, products with low THC content, including CBD-only formulations, did not appear to meaningfully reduce pain. The findings were published in Annals of Internal Medicine.

How the Research Was Conducted

The review was led by researchers from Oregon Health & Science University working with other experts in the field. They analyzed 25 short-term, placebo-controlled randomized trials, which are considered one of the strongest types of clinical studies because they compare an active treatment to an inactive placebo. The goal was to update earlier evidence on how effective cannabis-based products are for chronic pain and how often they cause harm.

To better compare results across studies, the researchers grouped cannabis products in several ways. They classified cannabinoids based on the ratio of THC to CBD (high, comparable, low). They also noted whether the products were synthetic, meaning made in a laboratory, purified, or extracted directly from a cannabis plant. In addition, they examined how the products were taken, including oral forms such as pills, oromucosal sprays applied inside the mouth, and topical products applied to the skin. The team then measured changes in pain severity, physical function, and the occurrence of adverse events.

What the Results Showed

The data suggested that oral products containing only THC likely led to a slight reduction in pain severity. Among these, nabilone showed a moderate benefit, while dronabinol produced little or no meaningful improvement. Nabiximols, a product that contains both THC and CBD, slightly reduced pain but did not improve physical function, which includes activities such as walking, working, or completing daily tasks.




Across the studies, products with high or comparable THC levels were consistently associated with higher rates of side effects. These adverse events included dizziness, sedation, and nausea, with increases described as moderate to large. Because most of the trials were short in duration, the authors emphasized that there is still limited information about long-term safety and effectiveness. They also noted that many types of cannabis products commonly used by the public have not yet been well studied.

Expert Perspective and What Comes Next

An accompanying editorial from the UCLA Center for Cannabis and Cannabinoids explains that the findings highlight both the potential and the limitations of cannabinoids for treating chronic pain. The editorial notes that while THC-based products may provide modest relief for some patients, the results across studies were inconsistent and safety concerns remain.

The authors of the editorial stress that more high-quality research is needed to better understand long-term outcomes and to help guide decisions made by patients, clinicians, and policymakers. Until stronger evidence is available, the role of cannabis-based products in chronic pain treatment remains limited and uncertain.
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A surprising brain cleanup reduced epileptic seizures and restored memory | ScienceDaily
Temporal lobe epilepsy causes repeated seizures and often interferes with memory and thinking. New research now suggests that this condition is also tied to early aging in certain brain cells. Scientists at Georgetown University Medical Center report that eliminating these aging cells in mice led to fewer seizures, better memory, and protection against epilepsy in some animals. The aging cells were removed using both genetic approaches and drug-based treatments.


						
The National Institutes of Health (NIH)-funded study was published on December 22 in the journal Annals of Neurology.

A New Approach for Drug Resistant Epilepsy

"A third of individuals living with epilepsy don't achieve freedom from seizures with current medications." says senior author Patrick A. Forcelli, Ph.D., professor and chair of Georgetown School of Medicine's Department of Pharmacology & Physiology and the Jerome H. Fleisch & Marlene L. Cohen Endowed Professor of Pharmacology. "Our hope is that senotherapy, which involves using medications to remove senescent, or aging cells, could potentially minimize the need for surgery and/or improve outcomes after surgery."

Temporal lobe epilepsy (TLE) can arise from many underlying causes. These include head injuries related to trauma or stroke, infections such as meningitis, brain tumors, abnormal blood vessel structures, and inherited genetic conditions. TLE is the most common form of epilepsy that does not respond well to medication and affects roughly 40% of people with epilepsy.

Aging Support Cells Found in Human Brain Tissue

To explore the biology behind TLE, researchers examined donated human brain tissue that had been surgically removed from the temporal lobes of epilepsy patients. When compared with autopsy samples from individuals without epilepsy, the tissue from TLE patients showed a five-fold increase in senescent glial cells. Glial cells help maintain and protect neurons, although they do not generate electrical signals themselves.




Mouse Experiments Show Reduced Seizures and Memory Gains

Based on the findings in human tissue, the team investigated whether a similar buildup of aging cells occurred in a mouse model designed to mimic TLE. Within two weeks after the brain injury that initiated epilepsy in the mice, the researchers detected clear increases in markers of cellular aging at both the gene and protein levels.

When treatments were used to remove the aging cells, the effects were substantial. The number of senescent cells dropped by about 50%. The treated mice performed normally on maze-based memory tests, experienced fewer seizures, and about one-third were completely protected from developing epilepsy.

Repurposed Drugs With Known Safety Profiles

The drug treatment tested in the mice combined dasatinib and quercetin. Dasatinib is a targeted therapy currently used to treat leukemia. Quercetin is a plant flavonoid found in fruits, vegetables, tea, and wine that can act as a powerful antioxidant and have anti-inflammatory properties. This drug combination has been widely used in animal studies to eliminate senescent cells across several disease models.

The researchers selected these drugs in part because both are already being evaluated in early phase clinical trials for other conditions. Forcelli also notes that dasatinib is FDA approved for a form of leukemia, meaning its safety profile is well established. This could allow a faster transition toward clinical testing in people with epilepsy.




Broader Implications for Brain Aging and Disease

The study's first co-authors Tahiyana Khan, Ph.D. and David J. McFall, both trainees in Forcelli's lab, note that aging of glial cells has recently been linked to both normal aging and neurodegenerative conditions such as Alzheimer's disease. This connection is another focus of their ongoing research.

"We have ongoing studies using other repurposed drugs that can impact senescence as well as studies in other rodent models of epilepsy. We would like to understand the critical windows for intervention in epilepsy, and the hope is that these studies will lead to clinically useful treatments," says Forcelli.

Authors, Disclosures, and Funding

In addition to Forcelli, Khan and McFall, the study authors at Georgetown include Abbas I. Hussain, Logan A. Frayser, Timothy P. Casilli, Meaghan C. Steck, Irene Sanchez-Brualla, Ph.D., Noah M. Kuehn, Michelle Cho, Jacqueline A. Barnes, M.D., Brent T. Harris, M.D., Ph.D., and Stefano Vicini, Ph.D.

Forcelli and his co-authors report having no personal financial interests related to the study.

This research was supported by NIH grants R21NS125552, F99NS129108, T32NS041218, T32GM142520, F30NS143374-01, T32GM144880 and T3GM142520. Forcelli also receives support as the Jerome H. Fleisch & Marlene L. Cohen Endowed Professor of Pharmacology.
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This strange ancient snake was hiding in a museum for decades | ScienceDaily
An extinct snake is finally getting its moment in the spotlight, more than 40 years after its fossils were first found.


						
Scientists have now identified those bones as a brand new species called Paradoxophidion richardoweni, and it could help explain where today's most "advanced" snakes came from.

In 1981, researchers uncovered a set of ancient snake backbones at Hordle Cliff on England's south coast. For decades, the remains sat in collections. Now they have been recognized as the vertebrae of a previously unknown snake.

A study published in the journal Comptes Rendus Palevol reports that the vertebrae belong to Paradoxophidion richardoweni. The snake lived about 37 million years ago, during a time when England supported a far greater variety of snakes than it does today.

A new fossil snake with clues to modern lineages

Even though scientists only have parts of the spine, the discovery could shed light on the early evolution of the largest group of living snakes. That is because Paradoxophidion appears to be an early branching member of the caenophidians, the group that includes most snake species alive today.

Because it sits so close to the beginning of caenophidian history, the snake shows an unusual blend of traits that are now scattered across different modern snake groups. That patchwork is reflected in its genus name. Paradoxophidion means 'paradox snake' in Greek.




The species name honors Sir Richard Owen. He named the first fossil snakes discovered at Hordle Cliff, and he also played a major role in creating what is now the Natural History Museum, where these fossils are housed.

Lead author Dr. Georgios Georgalis, from the Institute of Systematics and Evolution of Animals of the Polish Academy of Sciences in Krakow, says describing a new species from museum collections was 'a dream come true'.

"It was my childhood dream to be able to visit the Natural History Museum, let alone do research there," reveals Georgios. "So, when I saw these very weird vertebrae in the collection and knew that they were something new, it was a fantastic feeling."

"It's especially exciting to have described an early diverging caenophidian snake, as there's not that much evidence about how they emerged. Paradoxophidion brings us closer to understanding how this happened."

Hordle Cliff and England's warmer Eocene past

Hordle Cliff, near Christchurch on England's south coast, preserves fossils from the Eocene, a stretch of time from about 56 to 34 million years ago.




Dr. Marc Jones, a curator of fossil reptiles and amphibians who co authored the research, notes that the Eocene was marked by major climate shifts worldwide.

"Around 37 million years ago, England was much warmer than it is now," Marc explains. "Though the Sun was very slightly dimmer, levels of atmospheric carbon dioxide were much higher."

"England was also slightly closer to the equator, meaning that it received more heat from the Sun year round."

Fossil discoveries at Hordle Cliff began roughly 200 years ago. In the early 1800s, Barbara Rawdon-Hastings, the fossil-hunting Marchioness of Hastings, collected skulls of crocodile relatives from the area, including one that Richard Owen later named after her.

Since then, the site has produced fossils of turtles, lizards, and mammals, along with many snake remains, including some that have played an important role in paleontology.

"The fossil snakes found at Hordle Cliff were some of the first to be recognized when Richard Owen studied them in the mid-nineteenth century," says Georgios. "They include Paleryx, the first named constrictor snake in the fossil record."

"Smaller snakes from this site, however, haven't been as well investigated. Paradoxophidion's vertebrae are just a few millimetres long, so historically they've not had a lot of attention."

CT scans reveal 31 vertebrae and a digital model

To study the tiny bones in detail, Marc and Georgios used CT scanning. Altogether, they identified 31 vertebrae from different parts of the spine of Paradoxophidion.

"We used these CT scans to make three dimensional models of the fossils," Marc adds. "These provide a digital record of the specimen which we've shared online so that they can be studied by anyone, not just people who can come to the museum and use our microscopes."

The scans show that the vertebrae vary slightly in shape and size, which is expected because snake spine bones gradually narrow from head to tail. At the same time, shared features across the fossils indicate they came from a single species.

Georgios estimates the snake was under a metre long, but many details remain uncertain. Without a skull, it is hard to tell what it ate. And the vertebrae do not show obvious signs of a highly specialized lifestyle, such as burrowing.

A possible connection to elephant trunk snakes

Even if the fossils do not reveal much about how the snake lived, the vertebrae closely resemble those of acrochordids. These snakes are often called elephant trunk snakes because of their unusually loose, baggy skin.

Today, only a few species of elephant trunk snakes live in southeast Asia and northern Australia. They are also among the earliest branches of the caenophidian family tree, and their fossil record stretches back more than 20 million years.

"As Paradoxophidion is really similar to the acrochordids, it's possible that this snake could be the oldest known member of this family," muses Georgios. "If it was, then it could mean that it was an aquatic species, as all Acrochordids are aquatic."

"On the other hand, it might belong to a completely different group of caenophidians. There's just not enough evidence at the moment to prove how this snake might have lived, or which family it belongs to."

Learning more about Paradoxophidion, and about early caenophidian evolution more broadly, will require closer study of additional fossils. Georgios hopes to keep working through the fossil reptile collections soon, where he suspects other undiscovered species may still be waiting.

"I'm planning to study a variety of snake fossils in the collection, including those originally studied by Richard Owen" Georgios adds. "These include the remains of the giant aquatic snake Palaeophis, which were first found in England in the nineteenth century."

"There are also several bones with differing morphology that haven't been investigated before that I'm interested in looking at. These might represent new taxa and offer additional clues about snake evolution."
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Researchers find ADHD strengths linked to better mental health | ScienceDaily
Adults with ADHD who are aware of their personal strengths and actively use them tend to report better overall well-being, a higher quality of life, and fewer mental health challenges, according to a new international study.


						
The research was released during October's ADHD Awareness Month, which this year highlights "the many faces of ADHD." Scientists from the University of Bath, King's College London, and Radboud University Medical Center in the Netherlands collaborated on the first large-scale effort to measure psychological strengths associated with ADHD.

Large Study Compares Strengths in Adults With and Without ADHD

Published in Psychological Medicine, the study examined 200 adults diagnosed with ADHD and 200 adults without ADHD. Participants were asked how strongly they identified with 25 positive traits, including creativity, humor, spontaneity and hyperfocus. Researchers defined these traits as "things [they] do well or best."

ADHD is commonly discussed in terms of difficulties such as impulsivity, forgetfulness, and trouble sustaining attention. This study points to a different perspective by emphasizing the importance of recognizing and making use of strengths.

Luca Hargitai, lead researcher from the Department of Psychology at the University of Bath, said: "These exciting findings give us an indication of which positive qualities may be tied to ADHD and thus can be considered ADHD-related strengths. It can be really empowering to recognise that, while ADHD is associated with various difficulties, it does have several positive aspects."

Key Strengths More Commonly Endorsed by Adults With ADHD

Compared with participants without ADHD, those with ADHD were more likely to strongly identify with 10 specific strengths. These included:
    	Hyperfocus (deep concentration on tasks of interest)
    	Humor
    	Creativity
    	Spontaneity
    	Intuitiveness




Despite the well-documented challenges adults with ADHD often face in work, relationships, and mental health, the study found they were just as likely as neurotypical participants to recognize and use their strengths in everyday life.

Using Strengths Tied to Better Mental Health Across Groups

Across both groups, individuals who had greater awareness of their strengths and applied them more frequently reported clear benefits. These included:
    	Higher subjective well-being
    	Better quality of life (across physical, psychological, social and environmental domains)
    	Fewer symptoms of anxiety, depression and stress

Dr. Punit Shah, senior author and Associate Professor of Psychology at the University of Bath, said: "Our findings highlight that knowing that we have certain skills and positive qualities at our disposal and using these strengths where appropriate can be beneficial for our well-being. This might sound obvious, but now that our research confirms this hypothesis, we can start designing psychological supports with this fresh evidence."

Support for Strengths-Based Approaches in ADHD Care

The results add weight to strengths-based approaches in mental health care. While this framework is increasingly used in autism services, it has received far less attention in ADHD. Potential applications include psychoeducational programs, coaching, and customized therapies that help people identify and apply their strengths more effectively.




Dr. Shah added: "The next step now is to investigate whether interventions that promote the recognition and use of personal strengths can offer tangible improvements in mental wellbeing for adults with ADHD. People with ADHD and other neurodivergences have been calling for this for a long time and we are excited to have some of the first research to support this."

Why Comparing ADHD and Neurotypical Strengths Matters

Senior author Assistant Professor Martine Hoogman of Radboud University Medical Center in the Netherlands emphasized that research into ADHD-related strengths is still developing. She noted that many previous studies focused only on people with ADHD.

"Research on ADHD-related strengths is still in its early stages. Most studies ask only people with ADHD about their strengths, but we also asked neurotypical people. We found that people without ADHD recognise many of the same strengths, though only those with ADHD endorse some of them. This helps us better understand ADHD strengths.

"It's important to educate people with ADHD not just about challenges, but also about their potential strengths to improve quality of life and reduce risks in work or education."

Research Funding

The study was supported by funding from the UK Economic and Social Research Council and the Dutch Research Council.
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Swearing may unlock hidden strength, study finds | ScienceDaily
Blurting out a swear word during a frustrating moment often brings a sense of relief. Research now suggests it may also offer a physical advantage. According to findings published by the American Psychological Association, swearing can help people perform better on tasks that demand strength and endurance by reducing mental restraint and encouraging greater effort.


						
"In many situations, people hold themselves back -- consciously or unconsciously -- from using their full strength," said study author Richard Stephens, PhD, of Keele University in the U.K. "Swearing is an easily available way to help yourself feel focused, confident and less distracted, and 'go for it' a little more."

The study was published in the journal American Psychologist.

Earlier Evidence Linking Swearing and Endurance

Past research by Stephens and other scientists has consistently shown that swearing is linked to improved performance in physically demanding situations. These effects have been observed in challenges such as keeping a hand submerged in ice water for longer periods and sustaining body weight during a chair push-up exercise.

"That is now a well replicated, reliable finding," Stephens said. "But the question is -- how is swearing helping us? What's the psychological mechanism?"

How Swearing May Reduce Mental Restraint

Stephens and his research team suspected that swearing works by shifting people into a more disinhibited mental state. In this state, individuals may feel less restricted by social norms and internal hesitation, allowing them to apply more effort.




"By swearing, we throw off social constraint and allow ourselves to push harder in different situations," he said.

Testing the Effect in Controlled Experiments

To examine this idea, the researchers carried out two experiments involving a total of 192 participants. In both experiments, participants completed a chair pushup task while repeating either a swear word of their choosing or a neutral word every two seconds. After finishing the task, they answered questions about how they felt during the exercise.

The surveys assessed several mental factors associated with disinhibition. These included levels of positive emotion, how amusing participants found the task, how distracted they felt, and how confident they felt. The researchers also measured psychological "flow," which describes a state of deep focus and immersion in an activity.

Why Swearing May Enhance Performance

The results reinforced earlier findings. Participants who swore during the chair pushup task were able to hold their body weight for significantly longer than those who repeated a neutral word. When the researchers combined data from the two experiments with results from an earlier study, they found that the performance advantage was linked to higher levels of reported psychological flow, distraction, and self-confidence, which are key elements of a disinhibited state.




"These findings help explain why swearing is so commonplace," said Stephens. "Swearing is literally a calorie neutral, drug free, low cost, readily available tool at our disposal for when we need a boost in performance."

Exploring New Situations Beyond Exercise

The research team plans to investigate whether the benefits of swearing extend beyond physical challenges. According to study co-author Nicholas Washmuth, DPT, of the University of Alabama in Huntsville, future studies will focus on situations where hesitation often limits performance.

"Our labs are now studying how swearing influences public speaking and romantic approach behaviors, two situations where people tend to hesitate or second-guess themselves," he said.
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        Mini brains reveal clear brain signals of schizophrenia and bipolar disorder
        Tiny lab-grown brains are offering an unprecedented look at how schizophrenia and bipolar disorder disrupt neural activity. Researchers found distinct electrical firing patterns that could identify these conditions with high accuracy. The discovery opens the door to more precise diagnoses and personalized drug testing. Instead of guessing medications, doctors may one day see what works before treating the patient.

      

      
        Why your vitamin D supplements might not be working
        A randomized trial from Vanderbilt-Ingram Cancer Center reveals that magnesium may be the missing key to keeping vitamin D levels in balance. The study found that magnesium raised vitamin D in people who were deficient while dialing it down in those with overly high levels--suggesting a powerful regulating effect. This could help explain why vitamin D supplements don't work the same way for everyone and why past studies linking vitamin D to cancer and heart disease have produced mixed results.

      

      
        Losing weight in midlife may have a hidden brain cost
        Weight loss restored healthy metabolism in both young and mid-aged mice, but the brain told a different story. In mid-aged animals, slimming down actually worsened inflammation in a brain region tied to appetite and energy balance. While this inflammation eventually subsided, brain inflammation has been linked to cognitive decline and neurodegenerative disease. The results suggest that weight loss in midlife may not be as straightforward as once thought.

      

      
        Even one drink a day may raise mouth cancer risk
        New research suggests that even light alcohol use may carry serious risks. A large study in India found that drinking just one standard drink a day is linked to a roughly 50% higher risk of mouth cancer, with the greatest danger tied to locally brewed alcohol. When alcohol use overlaps with chewing tobacco, the effect becomes especially severe, potentially explaining nearly two-thirds of all cases nationwide.

      

      
        A rare cancer-fighting plant compound has finally been decoded
        UBC Okanagan researchers have uncovered how plants create mitraphylline, a rare natural compound linked to anti-cancer effects. By identifying two key enzymes that shape and twist molecules into their final form, the team solved a puzzle that had stumped scientists for years. The discovery could make it far easier to produce mitraphylline and related compounds sustainably. It also highlights plants as master chemists with untapped medical potential.

      

      
        A massive scientific review put alternative autism therapies to the test
        A major new review has put hundreds of alternative autism treatments under the microscope--and most didn't hold up. Scientists analyzed decades of research and found little reliable evidence that popular approaches like probiotics, acupuncture, or music therapy truly work. Alarmingly, safety was often ignored, with many treatments never properly evaluated for side effects. The researchers stress that looking at the full body of evidence matters far more than trusting a single hopeful study.

      

      
        MIT scientists find a way to rejuvenate the immune system as we age
        As the immune system weakens with age, scientists have found a way to restore some of its lost strength. By delivering mRNA to the liver, they created a temporary source of immune-boosting signals that normally come from the thymus. Older mice treated this way produced more effective T cells and responded far better to vaccines and cancer treatments. The strategy could one day help extend healthy years of life.

      

      
        Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation
        Stanford scientists have uncovered how mRNA COVID-19 vaccines can very rarely trigger heart inflammation in young men -- and how that risk might be reduced. They found that the vaccines can spark a two-step immune reaction that floods the body with inflammatory signals, drawing aggressive immune cells into the heart and causing temporary injury.

      

      
        Cancer cells depend on a dangerous DNA repair trick
        Researchers have discovered how cells activate a last-resort DNA repair system when severe damage strikes. When genetic tangles overwhelm normal repair pathways, cells flip on a fast but error-prone emergency fix that helps them survive. Some cancer cells rely heavily on this backup system, even though it makes their DNA more unstable. Blocking this process could expose a powerful new way to target tumors.

      

      
        Nearly 70% of U.S. adults could now be classified as obese
        A major update to how obesity is defined could push U.S. obesity rates to nearly 70%, according to a large new study. The change comes from adding waist and body fat measurements to BMI, capturing people who were previously considered healthy. Many of these newly included individuals face higher risks of diabetes and heart disease. The findings suggest that where fat is stored may be just as important as overall weight.

      

      
        This 100-year-old teaching method is beating modern preschools
        A first-of-its-kind national trial shows that public Montessori preschool students enter kindergarten with stronger reading, memory, and executive function skills than their peers. These gains don't fade -- they grow over time, bucking a long-standing trend in early education research. Even better, Montessori programs cost about $13,000 less per child than traditional preschool. The results suggest a powerful, affordable model hiding in plain sight.

      

      
        Eating more vitamin C can physically change your skin
        Vitamin C doesn't just belong in skincare products--it works even better when you eat it. Scientists discovered that vitamin C from food travels through the bloodstream into every layer of the skin, boosting collagen and skin renewal. People who ate two vitamin C-packed kiwifruit daily showed thicker, healthier skin. The findings suggest glowing skin really does start from within.

      

      
        The brain has a hidden language and scientists just found it
        Researchers have created a protein that can detect the faint chemical signals neurons receive from other brain cells. By tracking glutamate in real time, scientists can finally see how neurons process incoming information before sending signals onward. This reveals a missing layer of brain communication that has been invisible until now. The discovery could reshape how scientists study learning, memory, and brain disease.

      

      
        ADHD drugs don't work the way we thought
        ADHD stimulants appear to work less by sharpening focus and more by waking up the brain. Brain scans revealed that these medications activate reward and alertness systems, helping children stay interested in tasks they would normally avoid. The drugs even reversed brain patterns linked to sleep deprivation. Researchers say this could complicate ADHD diagnoses if poor sleep is the real underlying problem.

      

      
        This common food ingredient may shape a child's health for life
        Scientists discovered that common food emulsifiers consumed by mother mice altered their offspring's gut microbiome from the very first weeks of life. These changes interfered with normal immune system training, leading to long-term inflammation. As adults, the offspring were more vulnerable to gut disorders and obesity. The findings suggest that food additives may have hidden, lasting effects beyond those who consume them directly.

      

      
        MIT study shows high-fat diets give liver cancer a dangerous head start
        A high-fat diet does more than overload the liver with fat. New research from MIT shows that prolonged exposure to fatty foods can push liver cells into a survival mode that quietly raises the risk of cancer. Faced with ongoing metabolic stress, these cells abandon their normal roles and revert to a more primitive state that helps them endure harsh conditions. Over time, that shift leaves the liver less functional and far more vulnerable to tumor formation, helping explain why fatty liver disease...

      

      
        Why some people keep making the same bad decisions
        Everyday sights and sounds quietly shape the choices people make, often without them realizing it. New research suggests that some individuals become especially influenced by these environmental cues, relying on them heavily when deciding what to do. The problem arises when those cues start leading to worse outcomes. For certain people, the brain struggles to update these learned signals, causing them to repeat risky or harmful decisions over time.

      

      
        Microplastics are leaking invisible chemical clouds into water
        Microplastics in rivers, lakes, and oceans aren't just drifting debris--they're constantly leaking invisible clouds of chemicals into the water. New research shows that sunlight drives this process, causing different plastics to release distinct and evolving mixtures of dissolved organic compounds as they weather. These chemical plumes are surprisingly complex, often richer and more biologically active than natural organic matter, and include additives, broken polymer fragments, and oxidized molec...

      

      
        Where you live may be fueling aggressive breast cancer
        New research shows that women living near Superfund sites are more likely to develop aggressive and metastatic breast cancers. The studies found higher risks for hard-to-treat subtypes like triple-negative breast cancer, especially in areas with greater air pollution. Scientists also discovered molecular tumor changes linked to neighborhood deprivation. The findings point to environmental exposure and social conditions as key factors shaping cancer outcomes.

      

      
        What cannabis really does for chronic pain
        Cannabis products with higher THC levels may slightly reduce chronic pain, particularly nerve pain, according to a review of multiple clinical trials. The improvement was small and short-lived, while side effects were more common. Products with little or no THC, including CBD-only formulations, showed no clear benefit. Researchers say more long-term studies are needed.

      

      
        A surprising brain cleanup reduced epileptic seizures and restored memory
        A new study suggests temporal lobe epilepsy may be linked to early aging of certain brain cells. When researchers removed these aging cells in mice, seizures dropped, memory improved, and some animals avoided epilepsy altogether. The treatment used drugs already known to science, raising the possibility of quicker translation to people. The results offer new hope for patients who do not respond to existing medications.

      

      
        Researchers find ADHD strengths linked to better mental health
        New research reveals a brighter side of ADHD, showing that adults who recognize and use their strengths feel happier, healthier, and less stressed. People with ADHD were more likely to identify traits like creativity, humor, and hyperfocus as personal strengths. Across the board, using these strengths was linked to better quality of life and fewer mental health symptoms. The study suggests that embracing strengths could be a game-changer for ADHD support.

      

      
        Swearing may unlock hidden strength, study finds
        Letting a swear word fly when you're struggling might do more than blow off steam--it could actually make you stronger. Research published by the American Psychological Association found that people who swear during physical challenges can push themselves harder and last longer. The boost seems to come from swearing's ability to lower inhibitions, increase confidence, and help people slip into a focused "flow" state.

      

      
        After the LA fires hospitals saw a sudden surge in illness
        After the January 2025 LA wildfires, hospitals recorded a surge in serious health problems. Emergency visits for heart attacks, lung illness, and general sickness rose sharply in the following three months. Researchers believe fine particles from wildfire smoke, along with stress, may have triggered these effects. Unusual blood test changes point to hidden health impacts that lingered well beyond the fires themselves.
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Mini brains reveal clear brain signals of schizophrenia and bipolar disorder | ScienceDaily
Researchers have grown pea-sized brains in the lab that are offering an unprecedented look at how neurons behave differently in schizophrenia and bipolar disorder. These psychiatric conditions affect millions of people worldwide, yet they remain difficult to diagnose because scientists have not fully understood their underlying molecular causes.


						
The findings could eventually help doctors reduce mistakes in diagnosing and treating mental health disorders. Today, many psychiatric conditions are identified through clinical judgment alone and treated using a trial-and-error approach to medication.

The research was published in the journal APL Bioengineering.

Why Schizophrenia and Bipolar Disorder Are Hard to Diagnose

"Schizophrenia and bipolar disorder are very hard to diagnose because no particular part of the brain goes off. No specific enzymes are going off like in Parkinson's, another neurological disease where doctors can diagnose and treat based on dopamine levels even though it still doesn't have a proper cure," said Annie Kathuria, a Johns Hopkins University biomedical engineer who led the study. "Our hope is that in the future we can not only confirm a patient is schizophrenic or bipolar from brain organoids, but that we can also start testing drugs on the organoids to find out what drug concentrations might help them get to a healthy state."

How Scientists Built and Studied Brain Organoids

To conduct the study, Kathuria's team created brain organoids, which are simplified versions of real human organs. They started by turning blood and skin cells from patients with schizophrenia, bipolar disorder, and from healthy individuals into stem cells capable of developing into brain-like tissue.




The team then used machine learning tools to analyze the electrical activity of cells inside these mini brains. In the human brain, neurons communicate by sending brief electrical signals to one another, and the researchers focused on identifying patterns in that activity linked to healthy and unhealthy brain function.

Electrical Biomarkers Identify Mental Illness

The scientists found that specific features of the organoids' electrical behavior acted as biomarkers for schizophrenia and bipolar disorder. Using these signals alone, they were able to correctly identify which organoids came from affected patients 83% of the time. When the tissue received gentle electrical stimulation designed to bring out more neural activity, accuracy increased to 92%.

The patterns they uncovered were complex and highly specific. Neurons from schizophrenia and bipolar disorder patients showed unusual firing spikes and timing changes across multiple electrical measurements, creating a distinct signature for each condition.

"At least molecularly, we can check what goes wrong when we are making these brains in a dish and distinguish between organoids from a healthy person, a schizophrenia patient, or a bipolar patient based on these electrophysiology signatures," Kathuria said. "We track the electrical signals produced by neurons during development, comparing them to organoids from patients without these mental health disorders."

Using Microchips to Map Brain Activity

To better understand how neurons formed networks, the researchers placed the organoids on microchips equipped with multi-electrode arrays arranged like a grid. This setup allowed them to collect data in a way similar to a tiny electroencephalogram, or EEG, the test doctors use to measure brain activity in patients.




When fully developed, the organoids reached about three millimeters in diameter. They contained multiple types of neural cells normally found in the brain's prefrontal cortex, a region involved in higher-level thinking. The mini brains also produced myelin, a substance that insulates nerve cells and helps electrical signals travel more efficiently.

Toward Personalized Psychiatric Treatments

The study included samples from just 12 patients, but Kathuria believes the results point toward meaningful clinical applications. The organoids could eventually serve as a testing platform for psychiatric medications before those drugs are prescribed to patients.

The team is now collaborating with neurosurgeons, psychiatrists, and neuroscientists at the John Hopkins School of Medicine. They are collecting additional blood samples from psychiatric patients to study how different drug concentrations affect organoid activity. Even with a limited number of samples, the researchers believe they may be able to suggest medication doses that help restore healthier neural patterns.

"That's how most doctors give patients these drugs, with a trial-and-error method that may take six or seven months to finds the right drug," Kathuria said. "Clozapine is the most common drug prescribed for schizophrenia, but about 40% of patients are resistant to it. With our organoids, maybe we won't have to do that trial-and-error period. Maybe we can give them the right drug sooner than that."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251228074451.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why your vitamin D supplements might not be working | ScienceDaily
Researchers at Vanderbilt-Ingram Cancer Center report that magnesium plays a key role in regulating vitamin D levels in the body. In a randomized clinical trial, magnesium increased vitamin D in people who were deficient, while reducing levels in those who already had high amounts. The findings suggest magnesium helps keep vitamin D within a healthy range.


						
The study, published in The American Journal of Clinical Nutrition, adds clarity to long-standing debates about vitamin D's links to colorectal cancer and other diseases. These questions have gained attention due to mixed results from major studies, including the VITAL trial. The new findings also reinforce earlier research from 2013 by the same team, which found that people with low magnesium intake often had low vitamin D levels as well.

New Evidence of a Regulating Effect

Beyond confirming earlier observations, the trial uncovered an additional insight. Magnesium did not simply raise vitamin D across the board. Instead, it appeared to act as a regulator, lowering vitamin D levels in participants whose levels were already high. This is the first clinical evidence suggesting magnesium may help optimize vitamin D levels rather than just increase them, which could be important for reducing disease risk linked to vitamin D imbalance.

Qi Dai, MD, PhD, Ingram Professor of Cancer Research and lead author of the study, explained that the healthiest vitamin D range appears to fall in the middle of a U-shaped curve. Previous observational studies have linked this middle range to the lowest risk of cardiovascular disease.

Vitamin D Research Remains Mixed

Despite earlier findings, vitamin D did not show a clear link to cardiovascular disease in the recent VITAL trial. Dai and co-author Martha Shrubsole, PhD, a research professor of Medicine in the Division of Epidemiology, are now examining whether magnesium could help explain these inconsistent results. Their work is part of the ongoing Personalized Prevention of Colorectal Cancer Trial.




"There's a lot of information being debated about the relationship between vitamin D and colorectal cancer risk that is based upon observational studies versus clinical trials," Shrubsole said. "The information is mixed thus far."

Why Magnesium May Matter More Than Expected

The researchers turned their attention to magnesium after noticing that vitamin D supplements do not work equally well for everyone. Some people fail to raise their vitamin D levels even when taking high doses.

"Magnesium deficiency shuts down the vitamin D synthesis and metabolism pathway," Dai said.

The study included 250 adults considered at higher risk for colorectal cancer, either due to known risk factors or because they had previously had a precancerous polyp removed. Participants received either magnesium supplements or a placebo, with dosages tailored to their usual dietary intake.

Magnesium Deficiency Is Common in the U.S.

Shrubsole noted that vitamin D insufficiency is widely recognized as a public health concern in the United States, and many patients are advised to take supplements based on blood test results.




"Vitamin D insufficiency is something that has been recognized as a potential health problem on a fairly large scale in the U.S.," Shrubsole said. "A lot of people have received recommendations from their health care providers to take vitamin D supplements to increase their levels based upon their blood tests. In addition to vitamin D, however, magnesium deficiency is an under-recognized issue. Up to 80 percent of people do not consume enough magnesium in a day to meet the recommended dietary allowance (RDA) based on those national estimates."

Food Sources of Magnesium

Shrubsole emphasized that magnesium intake in the study matched RDA guidelines and suggested that diet is the best way to increase magnesium levels. Foods rich in magnesium include dark leafy greens, beans, whole grains, dark chocolate, fatty fish such as salmon, nuts and avocados.

Additional Vanderbilt co-authors on the study include Xiangzhu Zhu, MD, Hui Nian, PhD, Harvey Murff, MD, MPH, Reid Ness, MD, MPH, Douglas Seidner, MD and Chang Yu, PhD.
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Losing weight in midlife may have a hidden brain cost | ScienceDaily
Obesity remains one of the most serious health challenges worldwide, and weight loss is often encouraged as a way to lower the risks tied to excess weight. But growing research suggests that the effects of weight loss may change with age. During midlife, losing weight may not always produce the same health benefits seen in younger adults and in some cases, it may also influence brain health.


						
In a new study from Ben-Gurion University of the Negev (BGU), researchers examined how diet-induced obesity and later weight loss affected young adult mice compared with mid-aged mice. In both groups, weight loss successfully restored healthy blood glucose control, showing that key metabolic improvements occur regardless of age. However, the scientists also observed an unexpected difference. In mid-aged mice, weight loss led to increased inflammation in the hypothalamus, a part of the brain involved in regulating appetite, energy use, and other essential functions.

Brain Inflammation Raises New Questions

This increase in brain inflammation was detected at the molecular level and through detailed microscopic imaging of microglia (the brain's immune cells). The inflammatory response lasted for several weeks before gradually declining. While the long-term effects of this response are still unclear and may even play a role in achieving metabolic improvements, the findings raise important concerns. Persistent or poorly regulated inflammation in the brain has been linked to memory problems and neurodegenerative conditions such as Alzheimer's. As a result, the study highlights new questions about how weight loss during midlife may interact with brain health.

Researchers Urge a More Nuanced View of Midlife Weight Loss

"Our findings show that losing weight in midlife is not a simple copy-and-paste of what works in young adulthood," said Alon Zemer, an M.D.-Ph.D. candidate and the first author of this paper. "Weight loss remains essential for restoring metabolic health in obesity, but we need to understand the impact of weight loss on the mid-age brain and ensure brain health is not compromised."

Dr. Alexandra Tsitrina added: "Our study characterizes the body's adaptive response to weight loss through two complementary dimensions -- molecular and structural. This high-end imaging by advanced microscopy and image analysis with advanced computational analysis enable detection of sensitive changes with potential health ramifications."

Next Steps for Protecting Brain Health

The research team stresses the importance of additional studies to better understand why this temporary but concerning brain inflammation occurs during midlife weight loss. Future work could help scientists develop approaches that maintain the metabolic advantages of weight loss while also protecting brain health as people age.

The study, titled, "Weight loss aggravates obesity-induced hypothalamic inflammation in mid-aged mice" was published in GeroScience and supported by an internal grant at BGU (with the Ilse Katz Institute of Nanoscale Science and Technology), and grants from theUS-Israel Binational Science Foundation (Grant no. 2021083) and the Israel Science Foundation (Grant No. 194/24).
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Even one drink a day may raise mouth cancer risk | ScienceDaily

When alcohol use occurred alongside chewing tobacco, the combined effect was especially severe. Researchers estimate that this pairing may be responsible for 62% of all mouth (buccal mucosa) cancer cases in the country.

Mouth Cancer Rates Continue to Climb in India

Mouth cancer ranks as the second most common cancer in India, with an estimated 143,759 new diagnoses and 79,979 deaths each year. According to the researchers, incidence rates have steadily increased and now sit just below 15 cases per 100,000 Indian men.

The most common form affects the soft pink tissue lining the cheeks and lips (buccal mucosa). Survival outcomes remain poor, with only 43% of patients living five years or longer after diagnosis.

Untangling the Roles of Alcohol and Tobacco

Alcohol use and tobacco consumption frequently occur together, making it difficult to separate their individual effects on mouth cancer risk. This is particularly true in India, where smokeless tobacco use is widespread, the researchers note. They also point out that the health effects of locally brewed alcohol, which is especially common in rural areas, have received little attention until now.




To better understand these risks, the researchers compared 1,803 people diagnosed with buccal mucosa cancer with 1,903 randomly selected individuals without the disease (controls). Participants were recruited from five study centers between 2010 and 2021. Most were between 35 and 54 years old, and nearly 46% of cancer cases occurred among people aged 25 to 45.

Tracking Drinking Habits and Tobacco Use

Participants provided detailed information about how long they had been drinking alcohol, how often they drank, and the types of alcohol they consumed. This included 11 internationally recognized drinks such as beer, whisky, vodka, rum and breezers (flavored alcoholic drinks), along with 30 locally brewed options including apong, bangla, chulli, desi daru, and mahua.

They were also asked about their tobacco use, including duration and type, allowing researchers to examine how alcohol and tobacco interact to influence mouth cancer risk.

Among those with cancer, 781 reported drinking alcohol, while 1,019 said they did not. In the control group, 481 drank alcohol and 1,420 did not.

Higher Exposure Linked to Greater Risk

People with buccal mucosa cancer reported longer tobacco use on average, about 21 years compared with roughly 18 years among the control group. They were also more likely to live in rural areas and to consume larger amounts of alcohol each day, nearly 37 g compared with about 29 g.




Frequent alcohol consumption was strongly associated with increased cancer risk, with locally brewed drinks showing the greatest effect.

Compared with people who did not drink alcohol, those who did had a 68% higher risk of developing buccal mucosa cancer. The risk rose to 72% among individuals who favored internationally recognized drinks and climbed to 87% among those who consumed locally brewed alcohol.

No Safe Threshold Identified

Even very small amounts of alcohol appeared to matter. Drinking less than 2 g of beer per day was still linked to an increased risk of buccal mucosa cancer. Consuming 9 g of alcohol daily, roughly one standard drink, was associated with an approximately 50% higher risk.

Using alcohol and tobacco at the same time produced a dramatic effect. The combined exposure was linked to more than a fourfold increase in risk. Based on their calculations, the researchers estimate that 62% of buccal mucosa cancer cases in India are attributable to the interaction between alcohol and chewing tobacco.

How Alcohol May Increase Vulnerability

Alcohol increased mouth cancer risk regardless of how long a person had used tobacco. The researchers suggest that ethanol may change the fat content of the mouth's inner lining, making it more permeable and more susceptible to carcinogens found in chewing tobacco products.

Overall, the analysis indicates that more than one in ten buccal mucosa cancer cases in India, nearly 11.5%, can be attributed to alcohol consumption. In states with particularly high disease rates, including Meghalaya, Assam, and Madhya Pradesh, that proportion rises to about 14%.

Concerns About Unregulated Local Alcohol

The higher risk associated with locally brewed alcohol may be partly due to contamination with toxic substances such as methanol and acetaldehyde. The researchers note that production of these drinks is largely unregulated.

"The current legal framework for alcohol control in India is complex and involves both central and state laws. Central legislation provides protection of citizens where alcohol is included in the State List under the Seventh Schedule of the Indian Constitution, giving states the power to regulate and control alcohol production, distribution and sale. However, the locally-brewed liquor market is unregulated, with some forms used by participants containing up to 90% alcohol content," they point out.

Implications for Prevention

They conclude: "In summary, our study demonstrates that there is no safe limit of alcohol consumption for [buccal mucosa cancer] risk...Our findings suggest that public health action towards prevention of alcohol and tobacco use could largely eliminate [buccal mucosa cancer] from India."
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A rare cancer-fighting plant compound has finally been decoded | ScienceDaily
Researchers at UBC Okanagan have figured out how plants make mitraphylline, a rare natural substance that has drawn attention for its potential role in fighting cancer.


						
Mitraphylline is part of a small and unusual family of plant chemicals known as spirooxindole alkaloids. These molecules are defined by their distinctive twisted ring shapes, which help give them powerful biological effects, including anti tumor and anti inflammatory activity.

For years, scientists knew these compounds were valuable but had little understanding of how plants actually assembled them at the molecular level.

Solving a Long Standing Biological Mystery

Progress came in 2023, when a research team led by Dr. Thu-Thuy Dang in UBC Okanagan's Irving K. Barber Faculty of Science identified the first known plant enzyme capable of creating the signature spiro shape found in these molecules.

Building on that discovery, doctoral student Tuan-Anh Nguyen led new work to pinpoint two key enzymes involved in making mitraphylline -- one enzyme that arranges the molecule into the correct three dimensional structure, and another that twists it into its final form.

"This is similar to finding the missing links in an assembly line," says Dr. Dang, UBC Okanagan Principal's Research Chair in Natural Products Biotechnology. "It answers a long-standing question about how nature builds these complex molecules and gives us a new way to replicate that process."

Why Mitraphylline Is So Hard to Obtain




Many promising natural compounds exist only in extremely small quantities within plants, making them expensive or impractical to produce using traditional laboratory methods. Mitraphylline is a prime example. It appears only in trace amounts in tropical trees such as Mitragyna (kratom) and Uncaria (cat's claw), both of which belong to the coffee plant family.

By identifying the enzymes that construct and shape mitraphylline, scientists now have a clear guide for recreating this process in more sustainable and scalable ways.

Toward Greener Drug Production

"With this discovery, we have a green chemistry approach to accessing compounds with enormous pharmaceutical value," says Nguyen. "This is a result of UBC Okanagan's research environment, where students and faculty work closely to solve problems with global reach."

Nguyen also emphasized the personal impact of the work. "Being part of the team that uncovered the enzymes behind spirooxindole compounds has been amazing," he says. "UBC Okanagan's mentorship and support made this possible, and I'm excited to keep growing as a researcher here in Canada."

Global Collaboration and Future Directions

The project was a collaborative effort between Dr. Dang's laboratory at UBC Okanagan and Dr. Satya Nadakuduti's team at the University of Florida.




Funding came from several sources, including Canada's Natural Sciences and Engineering Research Council's Alliance International Collaboration program, the Canada Foundation for Innovation, and the Michael Smith Health Research BC Scholar Program. Additional support was provided by the United States Department of Agriculture's National Institute of Food and Agriculture.

"We are proud of this discovery coming from UBC Okanagan. Plants are fantastic natural chemists," Dr. Dang says. "Our next steps will focus on adapting their molecular tools to create a wider range of therapeutic compounds."
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A massive scientific review put alternative autism therapies to the test | ScienceDaily
The most wide ranging quantitative analysis of research on complementary and alternative treatments for autism has found no strong evidence that these approaches are effective. The review also found that safety was often overlooked, with many treatments never properly evaluated for possible risks.


						
The study was led by researchers from Paris Nanterre University, Paris Cite University, and the University of Southampton and published in Nature Human Behaviour. It examined 248 meta analyses, drawing on results from 200 clinical trials that together involved more than 10,000 participants.

What Treatments Were Examined

The researchers focused on complementary, alternative and integrative medicines (CAIMs) used to treat autism. In total, they evaluated 19 different types of interventions. These included animal assisted therapies, acupuncture, herbal medicine, music therapy, probiotics, and Vitamin D supplementation.

Alongside the analysis, the research team developed an online platform designed to help the public explore the scientific evidence behind different CAIMs more easily.

Why These Treatments Are Widely Used

Autistic people may experience challenges with communication, understanding others' thoughts or emotions, managing sensory overload, coping with unfamiliar environments, and engaging in repetitive behaviors. These difficulties can affect daily life and overall wellbeing.




As a result, interest in alternative treatments is widespread. Studies suggest that up to 90 percent of autistic individuals report having tried at least one CAIM at some point in their lives.

"Many parents of autistic children, as well as autistic adults, turn to complementary and alternative medicines hoping they may help without unwanted side effects," says Professor Richard Delorme, Head of the Child and Adolescent Psychiatry Unit at Robert Debre Hospital in Paris.

"However, it is necessary to carefully consider evidence from rigorous randomized trials before concluding that these treatments should be tried."

How the Evidence Was Evaluated

To assess the full scope of existing research, the team conducted an umbrella review, a method that combines findings from multiple meta analyses to provide an overall big picture assessment.

Dr. Corentin Gosling, Associate Professor at the Paris Nanterre University and first author of the study, explains: "Rather than looking at individual trials, we reviewed all the available meta-analyses, which are a compilation of many trials. This allowed us to evaluate the full body of evidence across different treatments.




"Importantly, we also developed a free and easy-to-use online platform, which we will continue to test. Ultimately, we hope this tool will support autistic people and practitioners in choosing together the best treatment."

Weak Evidence and Limited Safety Data

Although a small number of treatments showed signs of potential benefit, most were backed by weak or low quality evidence, making the reported effects unreliable. The researchers also raised concerns about safety, noting that fewer than half of the treatments had been assessed for acceptability, tolerability, or adverse events.

Professor Samuele Cortese, NIHR Research Professor at the University of Southampton and co senior author, emphasized the importance of looking beyond individual studies. "This study shows that when people want to know whether a treatment is effective, they shouldn't just look at one single study. It's essential to consider all the available evidence and how good that evidence is. Drawing conclusions from one low-quality study can be misleading."

Study Details and Funding

The study Complementary, alternative and integrative medicine for autism: an umbrella review and online platform is published in Nature Human Behaviour and is available online.

The online platform is available at: https://ebiact-database.com

The research was funded by Agence Nationale de la Recherche (ANR).
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MIT scientists find a way to rejuvenate the immune system as we age | ScienceDaily
As people get older, the immune system often becomes less effective. Populations of T cells shrink, and the remaining cells may respond more slowly to germs. That slowdown can leave older adults more vulnerable to many kinds of infections.


						
To address this age related decline, scientists from MIT and the Broad Institute developed a method to temporarily reprogram liver cells in a way that strengthens T cell performance. The goal is to make up for the reduced output of the thymus, the organ where T cells normally mature.

In the study, the team used mRNA to deliver three important factors that support T cell survival. With this approach, they were able to rejuvenate the immune systems of mice. Older mice that received the treatment produced larger and more varied T cell populations after vaccination, and they also showed improved responses to cancer immunotherapy.

The researchers say that if this strategy can be adapted for patients, it could help people stay healthier as they age.

"If we can restore something essential like the immune system, hopefully we can help people stay free of disease for a longer span of their life," says Feng Zhang, the James and Patricia Poitras Professor of Neuroscience at MIT, who has joint appointments in the departments of Brain and Cognitive Sciences and Biological Engineering.

Zhang is also an investigator at the McGovern Institute for Brain Research at MIT, a core institute member at the Broad Institute of MIT and Harvard, and an investigator in the Howard Hughes Medical Institute. He is the senior author of the new study. Former MIT postdoc Mirco Friedrich is the lead author of the paper, which was published in Nature.

The Thymus and Why T Cells Decline With Age

The thymus is a small organ located in front of the heart, and it is essential for building a healthy supply of T cells. Inside the thymus, immature T cells go through a checkpoint process that helps create a diverse set of T cells. The thymus also releases cytokines and growth factors that help T cells survive.




But beginning in early adulthood, the thymus starts to shrink. This process is called thymic involution, and it reduces the body's ability to produce new T cells. By about age 75, the thymus is essentially nonfunctional.

"As we get older, the immune system begins to decline. We wanted to think about how can we maintain this kind of immune protection for a longer period of time, and that's what led us to think about what we can do to boost immunity," Friedrich says.

Earlier efforts to rejuvenate the immune system have often focused on sending T cell growth factors through the bloodstream, but that approach can cause harmful side effects. Other researchers are investigating whether transplanted stem cells could help regrow functional thymus tissue.

A Temporary Liver Factory Powered by mRNA

The MIT team chose a different strategy. They asked whether the body could be prompted to create a temporary "factory" that produces the same T cell stimulating signals typically made by the thymus.

"Our approach is more of a synthetic approach," Zhang says. "We're engineering the body to mimic thymic factor secretion."

They selected the liver for the job for several reasons. The liver can produce large amounts of protein even in old age. It is also easier to deliver mRNA to the liver than to many other organs. In addition, all circulating blood flows through the liver, including T cells, making it a practical place to release immune supporting signals into the bloodstream.




To build this factory, the researchers picked three immune cues involved in T cell maturation. They encoded these factors into mRNA and packaged the sequences into lipid nanoparticles. After injection into the bloodstream, the nanoparticles collect in the liver. Hepatocytes take up the mRNA and begin making the proteins encoded by it.

The three factors delivered were DLL1, FLT-3, and IL-7. These signals help immature progenitor T cells develop into fully differentiated T cells.

Vaccine and Cancer Immunotherapy Benefits in Older Mice

Experiments in mice showed multiple positive outcomes. In one test, the researchers injected the mRNA particles into 18 month old mice, roughly comparable to humans in their 50s. Because mRNA does not last long in the body, the team gave repeated doses over four weeks to keep the liver producing the factors consistently.

After the treatment, T cell populations increased substantially in both size and function.

The team then examined whether the approach improved vaccine responses. They vaccinated mice with ovalbumin, a protein found in egg whites that is often used to study immune reactions to a specific antigen. In 18 month old mice that received the mRNA treatment before vaccination, the number of cytotoxic T cells targeting ovalbumin doubled compared with untreated mice of the same age.

The researchers also found that the mRNA method could strengthen responses to cancer immunotherapy. They treated 18 month old mice with the mRNA, implanted tumors, and then gave the mice a checkpoint inhibitor drug. This drug targets PD-L1 and is intended to release the immune system's brakes so T cells can attack tumor cells more effectively.

Mice that received both the checkpoint inhibitor and the mRNA treatment had much higher survival rates and lived longer than mice that received the checkpoint inhibitor drug without the mRNA treatment.

The researchers determined that all three factors were required for the immune improvement. No single factor could reproduce the full effect. Next, the team plans to test the approach in additional animal models and search for other signaling factors that might further strengthen immune function. They also want to investigate how the treatment influences other immune cells, including B cells.

Other authors of the paper include Julie Pham, Jiakun Tian, Hongyu Chen, Jiahao Huang, Niklas Kehl, Sophia Liu, Blake Lash, Fei Chen, Xiao Wang, and Rhiannon Macrae.

The research was funded in part by the Howard Hughes Medical Institute, the K. Lisa Yang Brain-Body Center at MIT, Broad Institute Programmable Therapeutics Gift Donors, the Pershing Square Foundation, the Phillips family, J. and P. Poitras, and an EMBO Postdoctoral Fellowship.
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Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation | ScienceDaily
Researchers at Stanford Medicine have identified the biological steps that explain how mRNA-based COVID-19 vaccines can, in rare cases, lead to heart inflammation in some adolescent and young adult males. Their work also points to a potential strategy for lowering that risk.


						
By combining modern laboratory techniques with previously published data from vaccinated individuals, the team uncovered a two-stage immune response. In this process, the vaccine activates one type of immune cell, which then stimulates another. Together, these immune reactions drive inflammation that can damage heart muscle cells and set off additional inflammatory effects.

Vaccines Remain Highly Safe and Effective

The findings come despite the fact that mRNA COVID-19 vaccines have been given billions of times worldwide and continue to show an excellent safety record, said Joseph Wu, MD, PhD, director of the Stanford Cardiovascular Institute.

"The mRNA vaccines have done a tremendous job mitigating the COVID pandemic," said Wu, the Simon H. Stertzer, MD, Professor and a professor of medicine and of radiology. "Without these vaccines, more people would have gotten sick, more people would have had severe effects and more people would have died."

mRNA vaccines are considered a major advance because they can be developed quickly, adjusted as viruses change, and tailored to target very different pathogens. Still, as with any medical intervention, reactions are not identical for everyone.

Understanding Vaccine-Associated Myocarditis

One uncommon but documented side effect of mRNA COVID-19 vaccines is myocarditis, which refers to inflammation of the heart muscle. Symptoms can include chest pain, shortness of breath, fever and heart palpitations. These symptoms occur without a viral infection and typically appear within one to three days after vaccination.




Most affected individuals show elevated levels of cardiac troponin in their blood, a widely used marker of heart muscle injury. (Cardiac troponin is normally found exclusively in the heart muscle. When found circulating in blood, it indicates damage to heart muscle cells.)

The condition occurs in roughly one out of every 140,000 people after a first vaccine dose and increases to about one in 32,000 after a second dose. Rates are highest among males age 30 and younger, where it affects about one in 16,750 vaccine recipients.

Outcomes Are Usually Mild and Temporary

Wu emphasized that the majority of myocarditis cases linked to vaccination resolve quickly, with heart function either fully preserved or restored.

"It's not a heart attack in the traditional sense," he said. "There's no blockage of blood vessels as found in most common heart attacks. When symptoms are mild and the inflammation hasn't caused structural damage to the heart, we just observe these patients to make sure they recover."

In rare instances, however, severe inflammation can cause serious injury, leading to hospitalization, intensive care treatment or death.




"But COVID's worse," Wu said. He noted that a COVID-19 infection is about 10 times more likely to cause myocarditis than an mRNA-based COVID-19 vaccine, in addition to the many other risks posed by the disease.

A Closer Look at the Immune Response

Wu is a senior author of the study, publisded Dec. 10 in Science Translational Medicine, along with Masataka Nishiga, MD, PhD, a former Stanford postdoctoral scholar now at The Ohio State University. The study's lead author is Xu Cao, PhD, also a postdoctoral scholar at Stanford.

"Medical scientists are quite aware that COVID itself can cause myocarditis," Wu said. "To a lesser extent, so can the mRNA vaccines. The question is, why?"

Suspects Identified

To answer that question, the team analyzed blood samples from vaccinated individuals, including some who developed myocarditis. When they compared these samples with those from people who did not develop heart inflammation, two proteins stood out.

"Two proteins, named CXCL10 and IFN-gamma, popped up. We think these two are the major drivers of myocarditis," Wu said.

Both CXCL10 and IFN-gamma are cytokines, signaling molecules that immune cells use to communicate and coordinate their activity.

How Immune Cells Interact After Vaccination

The researchers grew human immune cells called macrophages in laboratory dishes and exposed them to mRNA vaccines. Macrophages act as early responders in immune defense.

After exposure, the macrophages released multiple cytokines, with especially high levels of CXCL10. Their behavior closely matched immune responses previously documented in vaccinated people.

When T cells were added to the system, either directly or by exposing them to fluid from the macrophage cultures, the T cells began producing large amounts of IFN-gamma. In contrast, T cells exposed to the vaccine alone did not show this spike. These findings showed that macrophages primarily produce CXCL10, while T cells are the main source of IFN-gamma following vaccination.

How the Cytokines Affect the Heart

To determine whether these cytokines directly harm the heart, the team vaccinated young male mice and observed increased cardiac troponin levels, indicating heart muscle injury.

They also found that immune cells, including macrophages and neutrophils, had entered heart tissue. Neutrophils are short-lived immune cells that respond aggressively to threats and are a major component of pus. Similar immune cell infiltration is seen in people who develop myocarditis after vaccination.

Blocking CXCL10 and IFN-gamma reduced the number of these immune cells entering the heart and limited damage to healthy tissue.

The researchers also detected increased levels of adhesion molecules in heart blood vessels. These molecules help immune cells latch onto vessel walls, making it easier for them to move into heart tissue.

Together, these findings confirmed that CXCL10 and IFN-gamma directly contribute to heart injury. Blocking them preserved much of the immune response to vaccination while lowering signs of heart damage.

Testing Human Heart Tissue Models

Wu's lab specializes in converting human skin or blood cells into stem-like cells that can become heart muscle cells, immune cells and blood vessel cells. These cells can be assembled into small, beating clusters that mimic aspects of heart function.

When these cardiac spheroids were exposed to CXCL10 and IFN-gamma collected from vaccinated immune cells, markers of heart stress rose sharply. Using inhibitors to block the cytokines reduced this damage.

Measures of heart function, including contraction strength and beating rhythm, were impaired by the cytokines but improved once the signaling was blocked.

Saved by a Soybean

Wu suspected that a widely available dietary compound might help protect the heart. Since myocarditis is more common in males and estrogen has anti-inflammatory effects, he revisited genistein, a soy-derived compound his team had studied previously.

In a 2022 study published in Cell, the researchers showed that genistein has anti-inflammatory properties and can counter marijuana-related damage to blood vessels and heart tissue.

"Genistein is only weakly absorbed when taken orally," Wu said. "Nobody ever overdosed on tofu."

Testing Genistein's Protective Effects

The team repeated their experiments while pre-treating cells, cardiac spheroids and mice (the latter by oral administration of large quantities) with genistein. This treatment reduced much of the heart damage caused by either mRNA vaccination or the CXCL10 and IFN-gamma combination.

The form of genistein used in the study was more purified and concentrated than supplements commonly sold in stores.

"It's reasonable to believe that the mRNA-vaccine-induced inflammatory response may extend to other organs," Wu said. "We and others have seen some evidence of this in lung, liver and kidney. It's possible that genistein may also reverse these changes."

Broader Implications Beyond COVID Vaccines

Heightened cytokine signaling may be a broader feature of mRNA vaccines. IFN-gamma, in particular, plays a critical role in defending the body against foreign DNA and RNA, including viral genetic material.

"Your body needs these cytokines to ward off viruses. It's essential to immune response but can become toxic in large amounts," Wu said. Excessive IFN-gamma can lead to myocarditis-like symptoms and breakdown of heart muscle proteins.

This risk is not limited to COVID vaccines alone.

"Other vaccines can cause myocarditis and inflammatory problems, but the symptoms tend to be more diffuse," Wu said. "Plus, mRNA-based COVID-19 vaccines' risks have received intense public scrutiny and media coverage. If you get chest pains from a COVID vaccine you go to the hospital to get checked out, and if the serum troponin is positive, then you get diagnosed with myocarditis. If you get achy muscles or joints from a flu vaccine, you just blow it off."

Funding and Support

The study was supported by the National Institutes of Health (grants R01 HL113006, R01 HL141371, R01 HL141851, R01 HL163680 and R01 HL176822) and the Gootter-Jensen Foundation.
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Cancer cells depend on a dangerous DNA repair trick | ScienceDaily
The DNA inside our cells is under constant attack. One of the most dangerous forms of damage is a double-strand break, which happens when both strands of the DNA helix are cut at the same time. Under normal conditions, healthy cells rely on highly accurate repair systems to fix this kind of damage. When those precise systems break down, however, cells may fall back on a less reliable emergency option. Researchers at Scripps Research have now identified when and how this backup repair process is triggered, and why some cancer cells depend on it to stay alive.


						
Their findings also suggest that this survival strategy could be turned against tumors that rely on it.

RNA DNA Tangles That Threaten Genome Stability

The study, published in Cell Reports, examined a protein involved in untangling twisted genetic material. This includes structures known as R-loops, which are RNA-DNA tangles that can disrupt normal DNA function. These structures form when newly produced RNA fails to separate from the DNA strand it was copied from, leaving one side of the DNA exposed and vulnerable.

"R-loops are important for many different cell functions, but they must be tightly controlled," says senior author Xiaohua Wu, a professor at Scripps Research. "If they aren't properly regulated, they can accumulate to harmful levels and cause genome instability."

The Role of SETX in Cancer and Neurological Disease

The researchers focused on a helicase protein, part of a group of molecular motors that unwind tangled genetic material, known as senataxin (SETX). Changes in the SETX gene are already linked to rare neurological disorders, including ataxia and a form of amyotrophic lateral sclerosis (ALS). The same mutations also appear in certain uterine, skin and breast cancers. This connection raised an important question. How do cancer cells cope with the stress caused by excessive R-loops when SETX is missing or defective?




A Cellular Crisis Triggers Emergency Repair

To find answers, Wu's team studied cells lacking SETX that showed unusually high levels of R-loops. They then observed what happened when double-strand breaks formed at these tangled sites. As expected, the cells accumulated significant DNA damage. What surprised the researchers was how aggressively the cells responded.

"We were surprised but excited to find that the cell turns on an emergency DNA repair mechanism called break-induced replication (BIR)," says Wu.

Break-Induced Replication as a Backup System

Under normal circumstances, BIR helps rescue stalled DNA replication forks. It can also act as a fallback repair option for double-strand breaks. Instead of making small, precise fixes, BIR copies long stretches of DNA to reconnect broken pieces. This rapid and extensive copying allows cells to survive severe damage, but it comes at a cost.

"It's like an emergency repair team that works intensively but makes more mistakes," says Wu.




The researchers discovered that without SETX, R-loops accumulate directly at sites of DNA breaks. This buildup interferes with the cell's usual repair signals. As a result, the broken DNA ends are trimmed excessively, exposing long sections of single-stranded DNA. These exposed regions attract the BIR machinery, including PIF1, a helicase that is essential for BIR to operate. Together, the exposed DNA and PIF1 act as a trigger that launches the BIR repair process.

A Survival Advantage That Creates a Weakness

Although BIR is prone to errors, it allows SETX-deficient cells to survive. Over time, however, these cells become dependent on BIR to repair DNA damage. If this repair route is blocked, the cells lose their ability to fix double-strand breaks and die. This type of vulnerability is known as synthetic lethality, a principle already used in several targeted cancer treatments.

Wu's team found that SETX-deficient cells are especially reliant on three BIR-related proteins: PIF1, RAD52 and XPF.

"What's important is that these aren't essential in normal cells, which means we could selectively kill SETX-deficient tumors," says Wu.

From Discovery to Potential Therapy

While the findings point to a promising strategy, Wu cautions that clinical applications will take time.

"We're now exploring ways to inhibit these BIR factors, trying to find ones with the right activity and low toxicity," she adds.

The team is also investigating which cancers accumulate the highest levels of R-loops and under what conditions. Identifying tumors most likely to respond to BIR-targeted therapies will be a key next step.

Although SETX deficiency itself is relatively rare, many cancers build up R-loops through other pathways, including oncogene activation or hormone signaling such as estrogen in certain breast cancers. This means the approach could be relevant to a much broader range of tumors, not only those with SETX mutations.

In addition to Wu, authors of the study "Break-induced replication is activated to repair R-loop-associated double-strand breaks in SETX-deficient cells" include Tong Wu, Youhang Li, Yuqin Zhao and Sameer Bikram Shah of Scripps Research; and Linda Z. Shi of the University of California San Diego.

This work was supported by the National Institutes of Health (grants GM141868, CA294646, CA244912 and CA187052).
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Nearly 70% of U.S. adults could now be classified as obese | ScienceDaily
A newly proposed definition of obesity could significantly increase the number of Americans considered to have the condition. According to researchers at Mass General Brigham, applying updated criteria developed earlier this year by the Lancet Diabetes and Endocrinology Commission raises the estimated obesity rate in the United States from about 40 percent to nearly 70 percent. The study examined data from more than 300,000 people and found that the increase was especially pronounced among older adults. The findings also showed that many individuals newly classified under the updated definition face higher risks of serious health problems. The study was published in JAMA Network Open.


						
"We already thought we had an obesity epidemic, but this is astounding," said co-first author Lindsay Fourman, MD, an endocrinologist in the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "With potentially 70 percent of the adult population now considered to have excess fat, we need to better understand what treatment approaches to prioritize."

Why BMI Alone May Miss Health Risks

For decades, obesity has primarily been defined using body mass index (BMI), a calculation based on height and weight. While BMI offers a simple estimate, it does not capture how fat is distributed throughout the body. Other anthropomorphic measures -- including waist circumference, waist-to-height ratio, and waist-to-hip ratio -- can provide additional insight by distinguishing fat mass from muscle and identifying abdominal fat linked to disease risk.

Under the updated framework, obesity is identified in two main ways. Individuals with a high BMI plus at least one elevated anthropometric measure are classified as having obesity, a category the authors call "BMI-plus-anthropometric obesity." People with a normal BMI can also be classified as having obesity if they have at least two elevated anthropometric measures, referred to as "anthropometric-only obesity." The guidelines further separate obesity into preclinical and clinical forms, with clinical obesity defined by obesity-related physical impairment or organ dysfunction. The new standards have already been endorsed by at least 76 organizations, including the American Heart Association and The Obesity Society.

Study Data Show a Sharp Rise in Obesity Rates

Researchers analyzed participants from the National Institutes of Health All of Us Research Program, which includes more than 300,000 Americans. Using the new definition, 68.6 percent of participants met the criteria for obesity, compared with 42.9 percent under the traditional BMI-based approach. The entire increase was attributed to individuals classified as having anthropometric-only obesity. Obesity rates differed across sex and race, but age showed the largest effect, with nearly 80 percent of adults over 70 meeting the new criteria.




Higher Health Risks in Newly Identified Groups

The study also found that people with anthropometric-only obesity, who would not have been labeled as having obesity under older standards, had higher rates of diabetes, cardiovascular disease, and mortality compared with individuals without obesity. Roughly half of all participants who met the new obesity definition were categorized as having clinical obesity. This percentage was only slightly lower among those with anthropometric-only obesity than among those with BMI-plus-anthropometric obesity.

"We have always recognized the limitations of BMI as a single marker for obesity because it doesn't take into account body fat distribution," said senior author Steven Grinspoon, MD, Chief of the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "Seeing an increased risk of cardiovascular disease and diabetes in this new group of people with obesity, who were not considered to have obesity before, brings up interesting questions about obesity medications and other therapeutics."

What This Means for Treatment and Future Research

The researchers note that additional studies are needed to better understand why anthropometric-only obesity develops and which treatments may be most effective. The team has previously developed a therapy aimed at reducing waist circumference and plans to evaluate how different treatment strategies might benefit this newly defined group.

"Identifying excess body fat is very important as we're finding that even people with a normal BMI but with abdominal fat accumulation are at increased health risk," Fourman said. "Body composition matters -- it's not just pounds on a scale."

Authorship: In addition to Fourman and Grinspoon, Mass General Brigham authors include Aya Awwad, Camille A. Dash, Julia E. Johnson, Allison K. Thistle, Nikhita Chahal, Sara L. Stockman, Mabel Toribio, Chika Anekwe, and Arijeet K. Gattu. Additional authors include Alba Gutierrez-Sacristan.

Disclosures: Fourman serves as a consultant to Theratechnologies and Chiesi Farmaceutici and receives grant funding to her institution from Chiesi Farmaceutici outside of this work. Grinspoon serves as a consultant to Marathon Assets Management and Exavir Therapeutics and receives grant funding to his institution from Kowa Pharmaceuticals, Gilead Sciences, and Viiv Healthcare, unrelated to this project. For the remaining authors, no conflicts were declared.

Funding: This work was supported by the National Institutes of Health (grants K23HD100266, 1R01AG087809, T32DK007028, K23HL147799, 1R01HL173028, and P30DK040561) as well as the American Heart Association-Harold Amos Medical Research Faculty Development Program, supported by the Robert Wood Johnson Foundation, and the Robert A. Winn Excellence in Clinical Trials Award Program from the Bristol Meyers Squibb Foundation. The funding organizations played no role in the design and conduct of the study, collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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This 100-year-old teaching method is beating modern preschools | ScienceDaily
The first nationwide randomized study of children enrolled in public Montessori preschools found that students showed stronger learning outcomes by the time they reached kindergarten. Compared with children who attended non-Montessori programs, Montessori students performed better in reading, memory, and executive function. The results also carry clear implications for education policy, since the Montessori programs produced these gains while operating at significantly lower cost. The study followed 588 children across two dozen programs in different parts of the country, underscoring the importance of tracking these outcomes through later grades and into adulthood.


						
Stronger Outcomes at Lower Cost

Researchers from the University of Virginia, the University of Pennsylvania, and the American Institutes for Research led the new national analysis. Their findings show that public Montessori preschool programs serving children ages 3 to 6 deliver stronger early learning outcomes than traditional preschool options, while also reducing costs for school districts and taxpayers. The research represents the first randomized controlled trial of public Montessori education and was published in the Proceedings of the National Academy of Sciences. Nearly 600 children were followed across 24 public Montessori programs nationwide.

By the end of kindergarten, children who were randomly selected through a lottery to attend Montessori preschools outperformed their peers in reading, executive function, short-term memory, and social understanding. At the same time, Montessori programs cost about $13,000 less per child than conventional preschool programs. This figure does not include additional savings that may come from higher teacher satisfaction and lower turnover, trends supported by other research. These results stand in contrast to earlier preschool studies, which often found short-term benefits that faded by kindergarten.

Researchers Highlight Enduring Benefits

"These findings affirm what Maria Montessori believed over a century ago -- that when we trust children to learn with purpose and curiosity, they thrive," said Angeline Lillard, Commonwealth Professor of Psychology at the University of Virginia. "Public Montessori programs are not only effective but cost-efficient."

Karen Manship, coauthor and Managing Director at the American Institutes for Research, noted that Montessori programs are already widespread in public education. "Montessori preschool programs are already being used in hundreds of U.S. public schools, and our research shows that they are having a positive impact in key areas of early learning," she said. "These findings provide valuable evidence to policymakers and educational leaders who are seeking to deliver better outcomes with increasingly limited resources."

David Loeb of the University of Pennsylvania emphasized the historical roots of the approach. "Montessori began in the low-income housing of early 20th century Rome," he said. "This research shows it still delivers on that promise for America's children today."




Key Findings From the National Trial
    	Stronger early learning: By the end of kindergarten, children in Montessori programs scored higher in reading, memory, executive function, and the ability to understand others' perspectives.
    	Sustained benefits: Unlike many preschool programs where early gains fade, Montessori students continued to improve relative to their peers over time.
    	Cost savings: Compared with traditional public preschool, Public Montessori programs cost $13,000 less per child across the three years from ages 3-6. Savings were driven largely by efficient classroom structures, including the benefits of mixed-age learning.
    	Teacher morale and retention: Actual savings may be even greater, since prior evidence shows Montessori teachers tend to report higher job satisfaction and lower turnover.
    	Benefits for all children: While the strongest effects were seen among children from lower-income families, children from all backgrounds experienced positive outcomes. This aligns with Montessori's original goal of serving underserved communities.

A Century-Old Model With Modern Impact

Dr. Maria Montessori opened her first classroom in 1907 in the working-class neighborhoods of Rome, introducing an educational approach built around children's natural motivation to learn. Today, more than 600 public schools in the United States offer Montessori education. This national study reinforces the idea that Montessori's century-old model remains a powerful tool for early education, producing lasting benefits for children and communities.

The findings are especially relevant for policymakers, since they show that public Montessori programs can deliver stronger outcomes while lowering costs. Additional research also points to improved teacher morale and retention in Montessori settings.

The paper's coauthors include researchers from the American Institutes for Research (Juliette Berg, Maya Escueta, Alison Hauser) and University of Virginia graduate student Emily Daggett.
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Eating more vitamin C can physically change your skin | ScienceDaily
Scientists at the University of Otago, Faculty of Medicine -- Christchurch Otautahi, have identified a direct connection between how much vitamin C people eat and how well their skin produces collagen and renews itself. The findings show that skin health responds measurably to dietary vitamin C, not just topical treatments.


						
Published in the Journal of Investigative Dermatology, the research found that vitamin C levels in the skin closely mirror levels in the blood (plasma). Increasing intake through vitamin C rich foods was shown to raise both blood and skin concentrations.

Eating Vitamin C Raises Skin Levels and Thickness

The study followed 24 healthy adults in Aotearoa New Zealand and Germany. Participants who raised their plasma vitamin C levels by eating two vitamin C rich SunGoldTM kiwifruit each day showed a clear increase in vitamin C within their skin. This increase was associated with thicker skin (collagen production) and greater renewal of the outer skin layer.

Lead author Professor Margreet Vissers from Matai Haora -- Centre for Redox Biology and Medicine within the Department of Pathology and Molecular Medicine described the results as striking.

The strength of the association between skin thickness and vitamin C intake is "compelling," she explained.

Vitamin C Moves From Blood to Skin

According to Professor Vissers, the relationship between blood vitamin C and skin vitamin C stood out compared to other organs.




"We were surprised by the tight correlation between plasma vitamin C levels and those in the skin -- this was much more marked than in any other organ we have investigated," she says.

The research team also found that vitamin C circulating in the bloodstream reaches every layer of the skin and supports healthier skin function.

"We are the first to demonstrate that vitamin C in the blood circulation penetrates all layers of the skin and is associated with improved skin function. I am very proud of my team and excited about what the data is telling us."

Why Diet Matters More Than Creams

Professor Vissers says the findings reinforce the idea that skin health begins internally, with nutrients delivered naturally through the bloodstream.

Vitamin C is essential for collagen production, which is why it is commonly added to skincare products. However, vitamin C dissolves easily in water and does not absorb well through the outer skin barrier. The study showed that skin cells are highly efficient at absorbing vitamin C from the blood, with uptake into the outer epidermal layer appearing to be a priority.




How the Study Was Conducted

The research was funded by New Zealand company Zespri International along with a University of Otago Research Grant and included two phases. The first phase examined the relationship between plasma and skin vitamin C levels using healthy skin tissue from patients undergoing elective surgical procedures at Te Whatu Ora Canterbury (with support from the Otago campus's He Taonga Tapu -- Canterbury Cancer Society Tissue Bank).

The second phase involved a controlled dietary intervention carried out in Christchurch and Germany. Each location included 12 healthy participants.

Eight Weeks of Dietary Change

Participants were asked to eat two Kiwi Gold kiwifruit daily for eight weeks. This provided the equivalent of 250 micrograms of vitamin C.

"All were instructed to consume two Kiwi Gold kiwifruit daily -- the equivalent of 250 micrograms of vitamin C -- for eight weeks. We then collected skin samples before and after the intervention, with separate analyses allowing us to look at the skin basal layers in Christchurch and the outer dermal skin layer and skin function tests in Germany," Professor Vissers explains.

German participants were recruited and tested by the SGS Institute Fresenius in Hamburg, which has the technical capability to collect samples from the outer dermal skin layer (the blister "roof"). The institute evaluated skin regeneration using ultrasound measurements of skin thickness, elasticity UV protection and epidermal cell renewal to assess overall skin function.

Clear Gains in Collagen and Skin Renewal

One of the most significant findings was a measurable rise in skin thickness among participants, indicating increased collagen production along with faster regeneration of epidermal cells.

"The other really substantial finding showed a significant increase in the participants' skin thickness levels, reflecting collagen production and an upsurge in the regeneration of their epidermal cells, in other words skin renewal," Professor Vissers says.

Other Vitamin C Foods Likely Offer Similar Benefits

SunGold kiwifruit was selected for the study because of its consistently high vitamin C content. However, the researchers expect similar benefits from other vitamin C rich foods, especially fresh fruits and vegetables such as citrus, berries, capsicums and broccoli.

"We suggest that increasing your dietary vitamin C intake will result in effective vitamin C uptake into all compartments of the skin," Professor Vissers says.

Daily Intake Is Key

Maintaining steady vitamin C levels in the blood is essential, since the body does not store the vitamin long term. Professor Vissers notes that healthy individuals can reach optimal plasma levels with about 250mg of vitamin C per day.

"The important thing is to keep your plasma levels optimal, which we know can be easily achieved in a healthy person with a vitamin C intake of around 250mg per day. The body however does not store the vitamin, so we recommend 5+ a day, every day, with one of those five being a high vitamin C food, as a good habit to cultivate."
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The brain has a hidden language and scientists just found it | ScienceDaily
Scientists have developed a protein that can record the chemical messages brain cells receive, rather than focusing only on the signals they send out. These incoming signals are created when neurons release glutamate, a neurotransmitter that plays a vital role in brain communication. Although glutamate is essential for processes like learning and memory, its activity has been extremely difficult to measure because the signals are faint and happen very quickly.


						
This new tool makes it possible to detect those subtle chemical messages as they arrive, giving researchers access to a part of brain communication that has long been hidden.

Why this discovery matters

Being able to observe incoming signals allows scientists to study how neurons process information. Each brain cell receives thousands of inputs, and how it combines those signals determines whether it produces an output. This process is thought to underlie decisions, thoughts, and memories, and studying it directly could help explain how the brain performs complex computations.

The advance also opens new paths for disease research. Problems with glutamate signaling have been linked to conditions such as Alzheimer's disease, schizophrenia, autism, epilepsy, and others. By measuring these signals more precisely, researchers may be able to identify the biological roots of these disorders.

Drug development could also benefit. Pharmaceutical companies can use these sensors to see how experimental treatments affect real synaptic activity, which may help speed up the search for more effective therapies.

Introducing a powerful glutamate sensor

The protein was engineered by researchers at the Allen Institute and HHMI's Janelia Research Campus. Known as iGluSnFR4 (pronounced 'glue sniffer'), it acts as a molecular "glutamate indicator." Its sensitivity allows it to detect even the weakest incoming signals exchanged between neurons.




By revealing when and where glutamate is released, iGluSnFR4 provides a new way to interpret the complex patterns of brain activity that support learning, memory, and emotion. It gives scientists the ability to watch neurons communicate inside the brain in real time. The findings were recently published in Nature Methods and could significantly change how neural activity is measured and analyzed in neuroscience research.

How brain cells communicate

To understand the impact of this advance, it helps to look at how neurons interact. The brain contains billions of neurons that communicate by sending electrical signals along branch-like structures called axons. When an electrical signal reaches the end of an axon, it cannot cross the small gap to the next neuron, which is known as a synapse.

Instead, the signal triggers the release of neurotransmitters into the synapse. Glutamate is the most common of these chemical messengers and plays a key role in memory, learning, and emotion. When glutamate reaches the next neuron, it can cause that cell to fire, continuing the chain of communication.

From fragments to the full conversation

This process can be compared to falling dominos, but it is far more complex. Each neuron receives input from thousands of others, and only certain combinations and patterns of activity will trigger the receiving neuron to fire. With this new protein sensor, scientists can now identify which patterns of incoming activity lead to that response.




Until now, observing these incoming signals in living brain tissue was nearly impossible. Previous technologies were too slow or lacked the sensitivity needed to measure activity at individual synapses. As a result, researchers could only see pieces of the communication process rather than the full exchange. This new approach allows them to capture the entire conversation.

Making sense of neural connections

"It's like reading a book with all the words scrambled and not understanding the order of the words or how they're arranged," said Kaspar Podgorski, Ph.D., a lead author of the study and senior scientist at the Allen Institute. "I feel like what we're doing here is adding the connections between those neurons and by doing that, we now understand the order of the words on the pages, and what they mean."

Before protein sensors like iGluSnFR4 were available, researchers could only measure outgoing signals from neurons. This left a major gap in understanding, since the incoming signals were too fast and too faint to detect.

"Neuroscientists have pretty good ways of measuring structural connections between neurons, and in separate experiments, we can measure what some of the neurons in the brain are saying, but we haven't been good at combining these two kinds of information. It's hard to measure what neurons are saying to which other neurons," Podgorski said. "What we have invented here is a way of measuring information that comes into neurons from different sources, and that's been a critical part missing from neuroscience research."

Collaboration behind the breakthrough

"The success of iGluSnFR4 stems from our close collaboration started at HHMI's Janelia Research Campus between the GENIE Project team and Kaspar's lab. That research has extended to the phenomenal in vivo characterization work done by the Allen Institute's Neural Dynamics group," said Jeremy Hasseman, Ph.D., a scientist with HHMI's Janelia Research Campus. "This was a great example of collaboration across labs and institutes to enable new discoveries in neuroscience."

A new window into brain function

This discovery overcomes a major limitation in modern neuroscience by making it possible to directly observe how neurons receive information. With iGluSnFR4 now available to researchers through Addgene, scientists have a powerful new tool to explore brain function in greater detail. As this technology spreads, it may help reveal answers to some of the brain's most enduring questions.
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ADHD drugs don't work the way we thought | ScienceDaily
Prescription stimulant drugs such as Ritalin and Adderall are commonly used to treat attention deficit hyperactivity disorder (ADHD), including among children. In the United States, an estimated 3.5 million children ages 3 to 17 take medication for ADHD. That number has risen as diagnoses of the neurodevelopmental disorder have become more common.


						
For decades, stimulant medications have been thought to work by directly influencing brain regions responsible for attention. New research from Washington University School of Medicine in St. Louis calls that explanation into question. The study was led by Benjamin Kay, MD, PhD, an assistant professor of neurology, and Nico U. Dosenbach, MD, PhD, the David M. & Tracy S. Holtzman Professor of Neurology. Their findings suggest that these medications primarily affect brain systems involved in reward and wakefulness rather than the networks traditionally linked to attention.

Published Dec. 24 in Cell, the study indicates that stimulants may improve performance by making people with ADHD feel more alert and more interested in what they are doing. Instead of directly sharpening focus, the drugs appear to increase engagement with tasks. The researchers also observed brain activity patterns that resembled the effects of a good night's sleep, counteracting the typical brain changes associated with sleep deprivation.

"I prescribe a lot of stimulants as a child neurologist, and I've always been taught that they facilitate attention systems to give people more voluntary control over what they pay attention to," said Kay, who treats patients at St. Louis Children's Hospital. "But we've shown that's not the case. Rather, the improvement we observe in attention is a secondary effect of a child being more alert and finding a task more rewarding, which naturally helps them pay more attention to it."

Kay said the results emphasize the need to consider sleep quality alongside medication when children are being evaluated for ADHD.

Brain imaging reveals unexpected patterns

To examine how stimulants affect the brain, the researchers analyzed resting state functional MRI, or fMRI, data from 5,795 children ages 8 to 11 who took part in the Adolescent Brain Cognitive Development (ABCD) Study. Resting state fMRI measures brain activity when a person is not performing a specific task. The ABCD study is a long term, multisite project following the brain development of more than 11,000 children across the U.S., including a site at WashU Medicine.




The team compared brain connectivity in children who took prescription stimulants on the day of their scan with those who did not. Children who had taken stimulants showed stronger activity in brain regions associated with arousal and wakefulness, as well as areas involved in predicting how rewarding an activity might be. In contrast, the scans did not show notable increases in regions classically tied to attention.

Adult experiment confirms the findings

The researchers tested their results in a smaller study involving five healthy adults without ADHD who did not normally take stimulant medications. Each participant underwent resting state fMRI scans before and after taking a stimulant dose. This allowed the team to precisely track changes in brain connectivity. Once again, the medications activated reward and arousal networks rather than attention networks.

"Essentially, we found that stimulants pre-reward our brains and allow us to keep working at things that wouldn't normally hold our interest -- like our least favorite class in school, for example," Dosenbach said. He explained that instead of directly activating attention centers, stimulants make tasks that are usually difficult to focus on feel more rewarding. That increased sense of reward can help children stick with both challenging and repetitive activities.

"These results also provide a potential explanation for how stimulants treat hyperactivity, which previously seemed paradoxical," Dosenbach added. "Whatever kids can't focus on -- those tasks that make them fidgety -- are tasks that they find unrewarding. On a stimulant, they can sit still better because they're not getting up to find something better to do."

ADHD treatment, sleep, and performance

Within the ABCD study, children with ADHD who were taking stimulant medications had higher school grades, according to parent reports, and performed better on cognitive tests than children with ADHD who were not taking stimulants. The largest improvements were seen in children with more severe ADHD symptoms.




However, the benefits were not observed in every child. Among participants who slept less than the recommended nine or more hours per night, those who took stimulants earned better grades than sleep deprived children who did not take the medication. In contrast, stimulants were not linked to improved performance in neurotypical children who were getting enough sleep. (It is not clear why these kids were taking stimulant medications.) Overall, the link between stimulants and improved cognitive performance appeared only in children with ADHD or in those who were not getting sufficient sleep.

"We saw that if a participant didn't sleep enough, but they took a stimulant, the brain signature of insufficient sleep was erased, as were the associated behavioral and cognitive decrements," Dosenbach said.

Potential risks of masking sleep deprivation

The researchers cautioned that better performance despite poor sleep may come with long term consequences.

"Not getting enough sleep is always bad for you, and it's especially bad for kids," Kay said. He noted that children who are overtired can show symptoms that resemble ADHD, including difficulty paying attention in class or declining grades. In some cases, this could lead to a misdiagnosis when sleep deprivation is the underlying issue. Stimulant medications may appear to help by imitating some effects of adequate sleep, while still leaving children exposed to the long term harms of chronic sleep loss. Kay urged clinicians to consider sleep deprivation during ADHD evaluations and to explore ways to improve sleep.

Questions that remain

Dosenbach and Kay said their findings highlight the need for further research into the long term effects of stimulant use on the brain. They noted that stimulants might have a restorative role by activating the brain's waste clearing system during wakefulness. At the same time, the medications could potentially cause lasting harm if they are used to compensate for ongoing sleep deficits.

Kay BP, Wheelock MD, Siegel JS, Raut R, Chauvin RJ, Metoki A, Rajesh A, Eck A, Pollaro J, Wang A, Suljic V, Adeyemo B, Baden NJ, Scheidter KM, Monk JS, Whiting FI, Ramirez-Perez N, Krimmel SR, Shinohara RT, Tervo-Clemmens B, Hermosillo RJM, Nelson SM, Hendrickson TJ, Madison T, Moore LA, Miranda-Dominguez O, Randolph A, Feczko E, Roland JL, Nicol GE, Laumann TO, Marek S, Gordon EM, Raichle ME, Barch DM, Fair DA, and Dosenbach NUF. Stimulant medications affect arousal and reward, not attention networks. Cell. Dec. 24, 2025. DOI: 10.1016/j.cell.2025.11.039
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This common food ingredient may shape a child's health for life | ScienceDaily
Researchers from the Institut Pasteur and Inserm have found that when mother mice consume dietary emulsifiers, it can negatively affect the gut microbiota of their offspring. These early changes in gut bacteria are linked to a higher risk of chronic inflammatory bowel conditions and obesity later in life. The findings point to possible health effects that extend across generations and underscore the need for human studies, particularly to understand how early-life exposure to emulsifiers may influence long-term health. The study was published in Nature Communications.


						
Emulsifiers are additives widely used in processed foods to improve texture and extend shelf life. They are common in products such as dairy items, baked goods, ice cream, and some powdered baby formulas. Despite their widespread use, scientists still know relatively little about how these substances affect human health, especially their impact on the gut microbiota.

How the Study Was Conducted

The research was led by Benoit Chassaing, Inserm Research Director and Head of the Microbiome-Host Interactions laboratory (an Inserm unit at the Institut Pasteur). In the study, female mice were given two commonly used emulsifiers, carboxymethyl cellulose (E466) and polysorbate 80 (E433), starting ten weeks before pregnancy and continuing through pregnancy and breastfeeding. The researchers then examined the gut microbiota of the offspring, which had never directly consumed these emulsifiers themselves.

The results showed that the young mice experienced noticeable changes in their gut bacteria within the first weeks of life. This period is especially important because mothers naturally pass part of their microbiota to their offspring through close contact.

Disrupted Gut-Immune Communication

The altered microbiota included higher levels of flagellated bacteria, which are known to activate the immune system and promote inflammation. The researchers also observed that more bacteria were coming into close contact with the gut lining. This process, described as bacterial "encroachment," caused certain gut pathways to close earlier than normal. These pathways usually allow small bacterial fragments to cross the gut lining so the immune system can recognize them and learn to tolerate the body's own microbiota.




When these pathways closed too soon in the offspring of emulsifier-exposed mothers, communication between the gut microbiota and the immune system was disrupted. As the animals reached adulthood, this disruption led to an overactive immune response and chronic inflammation, significantly increasing the risk of inflammatory gut diseases and obesity. The study links early-life microbiota changes in mice, even without direct emulsifier consumption, to a higher likelihood of developing these chronic conditions later on.

Implications for Human Health

"It is crucial for us to develop a better understanding of how what we eat can influence future generations' health. These findings highlight how important it is to regulate the use of food additives, especially in powdered baby formulas, which often contain such additives and are consumed at a critical moment for microbiota establishment. We want to continue this research with clinical trials to study mother-to-infant microbiota transmission, both in cases of maternal nutrition with or without food additives and in cases of infants directly exposed to these substances in baby formula," comments Benoit Chassaing, last author of the study.

This work was funded by a Starting Grant and a Consolidator Grant from the European Research Council (ERC).
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MIT study shows high-fat diets give liver cancer a dangerous head start | ScienceDaily
A diet high in fat is one of the strongest contributors to liver cancer risk. New research from MIT sheds light on why this happens, showing that fatty diets can fundamentally alter liver cells in ways that make cancer more likely to develop.


						
The researchers discovered that when the liver is repeatedly exposed to a high-fat diet, mature liver cells called hepatocytes undergo a major change. Instead of remaining fully specialized, these cells shift into a more primitive, stem-cell-like state. This transformation allows them to better withstand the stress caused by excess fat, but over time it also increases their vulnerability to becoming cancerous.

"If cells are forced to deal with a stressor, such as a high-fat diet, over and over again, they will do things that will help them survive, but at the risk of increased susceptibility to tumorigenesis," says Alex K. Shalek, director of the Institute for Medical Engineering and Sciences (IMES), the J. W. Kieckhefer Professor in IMES and the Department of Chemistry, and a member of the Koch Institute for Integrative Cancer Research at MIT, the Ragon Institute of MGH, MIT, and Harvard, and the Broad Institute of MIT and Harvard.

The team also identified several transcription factors that appear to regulate this cellular shift. These factors may eventually serve as targets for drugs designed to reduce the risk of tumor formation in people who are especially vulnerable.

Shalek; Omer Yilmaz, an MIT associate professor of biology and a member of the Koch Institute; and Wolfram Goessling, co-director of the Harvard-MIT Program in Health Sciences and Technology, are the senior authors of the study, which was published on December 22 in Cell. MIT graduate student Constantine Tzouanas, former MIT postdoc Jessica Shay, and Massachusetts General Brigham postdoc Marc Sherman are the co-first authors of the paper.

How Fatty Diets Trigger Liver Cell Reversion

High-fat diets can cause inflammation and fat accumulation in the liver, leading to a condition known as steatotic liver disease. This disease may also arise from long-term metabolic stressors such as heavy alcohol consumption and can progress to cirrhosis, liver failure, and ultimately cancer.




In this study, the researchers set out to understand how liver cells respond at a molecular level when exposed to a high-fat diet, focusing on which genes become more or less active as the stress continues.

To investigate this process, the team fed mice a high-fat diet and used single-cell RNA-sequencing to analyze liver cells at key stages of disease development. This approach allowed them to follow changes in gene activity as the animals progressed from liver inflammation to tissue scarring and eventually cancer.

Early on, hepatocytes began activating genes that help cells survive harsh conditions. These included genes that reduce the likelihood of programmed cell death and promote continued cell growth. At the same time, genes essential for normal liver function, including those involved in metabolism and protein secretion, were gradually shut down.

"This really looks like a trade-off, prioritizing what's good for the individual cell to stay alive in a stressful environment, at the expense of what the collective tissue should be doing," Tzouanas says.

Some of these genetic shifts occurred quickly, while others unfolded more slowly. The decline in metabolic enzyme production, for example, developed over a longer period. By the end of the study, nearly all mice fed a high-fat diet had developed liver cancer.

Why Immature Liver Cells Fuel Cancer Development

The researchers found that when liver cells exist in a less mature state, they are more likely to become cancerous if a damaging mutation occurs later.




"These cells have already turned on the same genes that they're going to need to become cancerous. They've already shifted away from the mature identity that would otherwise drag down their ability to proliferate," Tzouanas says. "Once a cell picks up the wrong mutation, then it's really off to the races and they've already gotten a head start on some of those hallmarks of cancer."

The study also highlighted several genes that appear to coordinate the shift back to an immature cell state. During the course of the research, a drug targeting one of these genes (thyroid hormone receptor) received approval to treat a severe form of steatotic liver disease known as MASH fibrosis. In addition, a drug that activates another enzyme identified in the study (HMGCS2) is currently being tested in clinical trials for steatotic liver disease.

Another promising target uncovered by the research is a transcription factor called SOX4. This factor is usually active during fetal development and in a limited number of adult tissues (but not the liver), making its activation in liver cells particularly notable.

Evidence From Human Liver Disease

After identifying these cellular changes in mice, the researchers examined whether similar patterns occur in people with liver disease. They analyzed liver tissue samples from patients at different stages of disease, including individuals who had not yet developed cancer.

The results closely mirrored what was seen in mice. Over time, genes required for normal liver function declined, while genes linked to immature cell states increased. The researchers also found that these gene expression patterns could be used to predict patient survival outcomes.

"Patients who had higher expression of these pro-cell-survival genes that are turned on with high-fat diet survived for less time after tumors developed," Tzouanas says. "And if a patient has lower expression of genes that support the functions that the liver normally performs, they also survive for less time."

While mice developed cancer within about a year, the researchers estimate that the same process in humans likely unfolds over a much longer period, potentially around 20 years. The exact timeline can vary depending on diet and other risk factors, including alcohol use and viral infections, which can also push liver cells toward an immature state.

Can Diet-Driven Damage Be Reversed?

The research team now plans to explore whether the cellular changes caused by high-fat diets can be undone. Future studies will test whether returning to a healthier diet or using weight-loss medications such as GLP-1 agonists can restore normal liver cell behavior.

They also aim to further investigate whether the transcription factors identified in the study could serve as effective drug targets to prevent damaged liver tissue from progressing to cancer.

"We now have all these new molecular targets and a better understanding of what is underlying the biology, which could give us new angles to improve outcomes for patients," Shalek says.

The research was funded, in part, by a Fannie and John Hertz Foundation Fellowship, a National Science Foundation Graduate Research Fellowship, the National Institutes of Health, and the MIT Stem Cell Initiative through Foundation MIT.
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Why some people keep making the same bad decisions | ScienceDaily
People constantly take in information from their surroundings, including visual details and background sounds. Over time, the brain learns to connect these cues with what usually happens next. For example, a familiar sign, sound, or setting can signal whether a choice is likely to lead to a reward or a negative outcome. This process is known as associative learning, which simply means learning through repeated connections between cues and results. In everyday life, this kind of learning helps people make faster and often better decisions.


						
However, this system does not work the same way for everyone. For people with compulsive disorders, addictions, or anxiety, these learned associations can become overly powerful. Instead of serving as helpful guides, cues may start to dominate decision making. Individuals may feel pulled toward certain sights or sounds or strongly driven to avoid them, even when doing so leads to poor outcomes.

Studying Biased Decision Making

To better understand how this happens, Giuseppe di Pellegrino of the University of Bologna led a study focused on how people learn from cues and how this learning can sometimes go wrong. The research examined maladaptive decision making, which refers to choices that continue to cause harm or disadvantage despite repeated negative consequences.

As described in their JNeurosci paper, the researchers found that people differ widely in how much they rely on environmental cues when making decisions. Some individuals depend heavily on surrounding visuals and sounds to guide their choices, while others rely on them far less.

Why Some People Struggle to Adapt

The study also revealed an important problem for those who are highly cue driven. When familiar cues start to signal riskier or less favorable outcomes, these individuals often struggle to adjust. They may have difficulty updating their beliefs about what those cues mean and unlearning old associations that no longer apply. In practical terms, this means the brain keeps responding as if nothing has changed, even when the situation clearly has.




As a result, disadvantageous decision making can persist over time. Instead of adapting to new information, people may repeat the same risky or harmful choices again and again.

Implications for Addiction and Anxiety

According to the researchers, these findings suggest that some people have stronger cue sensitivity than others, combined with a reduced ability to revise what they have learned about those cues. This combination may help explain why certain decision patterns are so hard to break.

The research team plans to continue studying associative learning in patient populations. Their goal is to better understand whether the harmful decision patterns -- which characterize addictions, compulsive disorders, and anxiety -- are more likely to occur in people who are especially sensitive to the sights and sounds that influence their choices.
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Microplastics are leaking invisible chemical clouds into water | ScienceDaily
Researchers have found that microplastics drifting through rivers, lakes, and oceans constantly release a complex blend of dissolved organic chemicals into the water. This chemical leakage continues over time and becomes much more intense when plastics are exposed to sunlight. The new findings offer the most detailed molecular-level picture so far of how microplastic-derived dissolved organic matter, known as MPs DOM, forms and changes in natural aquatic environments.


						
The research, published in New Contaminants, examined four common types of plastic and compared the chemicals they released with naturally occurring dissolved organic matter found in rivers. By combining kinetic modeling with fluorescence spectroscopy, high-resolution mass spectrometry, and infrared analysis, the team showed that each plastic type releases its own unique chemical mixture. These chemical signatures shift as sunlight gradually breaks down plastic surfaces.

"Microplastics do not just pollute aquatic environments as visible particles. They also create an invisible chemical plume that changes as they weather," said lead author Jiunian Guan of Northeast Normal University. "Our study shows that sunlight is the primary driver of this process, and that the molecules released from plastics are very different from those produced naturally in rivers and soils."

Sunlight speeds up chemical release from microplastics

To better understand how light affects plastic breakdown, the researchers exposed polyethylene, polyethylene terephthalate, polylactic acid, and polybutylene adipate co terephthalate microplastics to water under both dark and ultraviolet conditions for up to 96 hours. Exposure to sunlight sharply increased the amount of dissolved organic carbon released by every plastic tested. Plastics labeled as biodegradable, including PLA and PBAT, released the largest amounts, reflecting their less stable chemical structures.

Kinetic modeling revealed that the release process followed zero order behavior. This means the rate was controlled by physical and chemical limits at the plastic surface rather than by how much material was already dissolved in the water. Under ultraviolet light, the researchers identified film diffusion as the main factor slowing the release process.

Plastics release a complex mix of chemical compounds

Detailed chemical analyses showed that MPs DOM contains a wide range of molecules derived from plastic additives, monomers, oligomers, and fragments formed through photo oxidized reactions. Plastics with aromatic structures, such as PET and PBAT, generated especially complex chemical mixtures.




As the plastics continued to weather, the researchers observed a rise in oxygen containing functional groups. This shift pointed to the formation of alcohols, carboxylates, ethers, and carbonyls. Chemical additives like phthalates were also detected, which aligns with their relatively weak attachment within plastic materials.

Fluorescence measurements revealed another striking difference. MPs DOM closely resembled organic material produced by microbes rather than organic matter originating from land plants and soils. This pattern contrasts strongly with natural dissolved organic matter found in rivers. Over time, the balance of protein like, lignin like, and tannin like substances shifted depending on the type of plastic and the level of sunlight exposure.

Growing environmental risks from invisible plastic pollution

The changing chemical mixtures released by microplastics could affect aquatic ecosystems in multiple ways. MPs DOM is largely made up of small, biologically accessible molecules that may stimulate or suppress microbial growth, disrupt nutrient cycles, or interact with metals and other pollutants. Previous research has shown that MPs DOM can produce reactive oxygen species, influence the formation of disinfection byproducts, and alter how pollutants attach to particles in water.

"Our findings highlight the importance of considering the full life cycle of microplastics in water, including the invisible dissolved chemicals they release," said co author Shiting Liu. "As global plastic production continues to rise, these dissolved compounds may have growing environmental significance."

Predicting the future chemistry of plastic pollution

Because MPs DOM is chemically complex and constantly changing, the researchers suggest that machine learning tools could help forecast how these substances behave in natural waters. Such models could improve risk assessments related to ecosystem health, pollutant transport, and carbon cycling.

The authors also point out that the flow of microplastics into rivers and oceans remains largely unregulated. As plastics continue to fragment and degrade under sunlight, the release of MPs DOM is expected to increase. Understanding how these chemicals evolve across different stages of plastic breakdown will be essential for assessing their long-term environmental impact.
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Where you live may be fueling aggressive breast cancer | ScienceDaily
New research from Sylvester Comprehensive Cancer Center at the University of Miami Miller School of Medicine suggests that women who live near federally designated Superfund sites face a higher risk of developing aggressive forms of breast cancer -- including triple-negative breast cancer, which is especially difficult to treat.


						
Previous research from the National Institutes of Health has shown that certain aggressive and treatment-resistant breast cancers are becoming more common. Building on those findings, three recent studies led by Sylvester researchers point to a connection between breast cancer risk, environmental contamination near Superfund sites, and social disadvantage. Superfund sites are locations polluted by hazardous waste that the Environmental Protection Agency has flagged for cleanup due to threats to human health or the environment.

Why Environmental Exposure Is Gaining Attention

The increase in aggressive breast cancer cases -- particularly hard-to-treat subtypes like triple-negative breast cancer -- has prompted scientists to take a closer look at environmental influences that may be contributing to these trends. In Florida, where 52 active Superfund sites remain, concerns raised by local communities helped bring the issue into focus. Members of Sylvester's Community Advisory Committee encouraged researchers to investigate whether living near these sites could affect cancer risk.

"Members of our community raised concerns that where they lived was making people sick," said Erin Kobetz, Ph.D., M.P.H., an epidemiologist and associate director for community outreach and engagement at Sylvester and the Judy H. Schulte Senior Endowed Chair in Cancer Research.

"Overwhelmingly, the people who were speaking up about this lived in a neighborhood relatively close to a Superfund site. There's a growing body of evidence that living in neighborhoods close to these sites is associated with poor health outcomes," she said.

Although the health effects of Superfund sites have been studied for decades, Kobetz noted that the relationship between environmental pollution and breast cancer has received far less attention. To address this gap, she assembled a multidisciplinary research team that included physicians, epidemiologists, and basic scientists. Using Sylvester's SCAN360 data portal, the group analyzed highly detailed data on neighborhood conditions and cancer risk across South Florida.




Proximity to Superfund Sites and Cancer Severity

In the first study, researchers reviewed more than 21,000 breast cancer cases diagnosed in Florida between 2015 and 2019. They examined whether living near a Superfund site was linked to more advanced disease. The analysis showed that women who lived in the same census tract as at least one Superfund site were about 30% more likely to be diagnosed with metastatic breast cancer.

The team then focused on triple-negative breast cancer (TNBC), an aggressive subtype with limited treatment options. Their findings showed that living near a Superfund site was also associated with a higher risk of TNBC. The researchers further explored exposure to particulate matter 2.5 (PM2.5), a type of air pollution made up of particles smaller than 2.5 microns. Higher levels of PM2.5 exposure were linked to increased TNBC risk in South Florida.

These two studies were published in Scientific Reports and Cancer Epidemiology Biomarkers and Prevention. Together, they suggest that simply living close to a Superfund site may increase both the likelihood and severity of breast cancer.

"These studies, as well as federal funding priorities, give an increasing emphasis on the role of the environment in health outcomes," Kobetz said. "We need to better appreciate how environmental conditions may be driving variability in cancer outcomes."

Tumor Biomarkers and Neighborhood Conditions

While clinicians increasingly recognize that environmental exposure plays a role in patient health, researchers are still working to understand how those exposures influence cancer at the molecular level.




That question led Aristeidis Telonis, Ph.D., a research assistant professor of biochemistry and molecular biology at the Miller School, to investigate whether environmental and social conditions leave detectable biological signals in tumors. These signals, known as biomarkers, can help reveal how cancers develop and progress.

The research team, co-led by Kobetz, analyzed breast cancer tissue samples from 80 patients in the Miami area. In addition to studying DNA, they examined the instruction notes (epigenome) and the real-time messages (RNA) that reflect how genes are actively functioning inside cells.

Researchers then compared these molecular markers with a combined measure of neighborhood conditions and other factors known to affect health. Patients who lived in areas with fewer health-supporting resources were more likely to show these biomarkers and to develop more aggressive forms of breast cancer.

"This deprivation index is very strongly associated with more aggressive breast cancers," Telonis said. "It's a simple, but very important correlation." The study, published in Cancer Epidemiology Biomarkers and Prevention, is among the first to closely examine how neighborhood conditions relate to molecular changes inside breast tumors. The findings may help guide more personalized treatment strategies tailored to each patient.

"The goal is that when a patient comes in, the doctor not only assesses the tumor characteristics, but also considers the patient's resources and what that may mean molecularly," Telonis said. "Eventually, that should help inform treatment."

Community Concerns Driving Future Research

Kobetz emphasized that the research was shaped directly by community input.

"We have a signal, and we're compelled and encouraged by our Community Advisory Committee to pursue it," she said. "The community had a perspective, and now we have empirical and scientific data to suggest that their concerns may be valid. These studies are the first puzzle pieces that will help us figure out what we should be focusing on next."
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What cannabis really does for chronic pain | ScienceDaily
A large review of medical studies examined whether cannabis-based products can help people living with chronic pain, a condition defined as pain that lasts for months or even years. The analysis included data from more than 2,300 adults and focused on products containing different amounts of two well-known cannabis compounds: tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is the compound responsible for the "high" associated with marijuana, while CBD does not cause intoxication and is often marketed for wellness and pain relief.


						
The review found that cannabis products with higher levels of THC compared to CBD may offer small, short-term improvements in pain levels and physical functioning. These modest benefits were most noticeable among people with nerve-related pain, also known as neuropathic pain, which can cause burning, tingling, or shooting sensations. However, the potential benefits came with drawbacks. Products higher in THC were also linked to a greater risk of common side effects. In contrast, products with low THC content, including CBD-only formulations, did not appear to meaningfully reduce pain. The findings were published in Annals of Internal Medicine.

How the Research Was Conducted

The review was led by researchers from Oregon Health & Science University working with other experts in the field. They analyzed 25 short-term, placebo-controlled randomized trials, which are considered one of the strongest types of clinical studies because they compare an active treatment to an inactive placebo. The goal was to update earlier evidence on how effective cannabis-based products are for chronic pain and how often they cause harm.

To better compare results across studies, the researchers grouped cannabis products in several ways. They classified cannabinoids based on the ratio of THC to CBD (high, comparable, low). They also noted whether the products were synthetic, meaning made in a laboratory, purified, or extracted directly from a cannabis plant. In addition, they examined how the products were taken, including oral forms such as pills, oromucosal sprays applied inside the mouth, and topical products applied to the skin. The team then measured changes in pain severity, physical function, and the occurrence of adverse events.

What the Results Showed

The data suggested that oral products containing only THC likely led to a slight reduction in pain severity. Among these, nabilone showed a moderate benefit, while dronabinol produced little or no meaningful improvement. Nabiximols, a product that contains both THC and CBD, slightly reduced pain but did not improve physical function, which includes activities such as walking, working, or completing daily tasks.




Across the studies, products with high or comparable THC levels were consistently associated with higher rates of side effects. These adverse events included dizziness, sedation, and nausea, with increases described as moderate to large. Because most of the trials were short in duration, the authors emphasized that there is still limited information about long-term safety and effectiveness. They also noted that many types of cannabis products commonly used by the public have not yet been well studied.

Expert Perspective and What Comes Next

An accompanying editorial from the UCLA Center for Cannabis and Cannabinoids explains that the findings highlight both the potential and the limitations of cannabinoids for treating chronic pain. The editorial notes that while THC-based products may provide modest relief for some patients, the results across studies were inconsistent and safety concerns remain.

The authors of the editorial stress that more high-quality research is needed to better understand long-term outcomes and to help guide decisions made by patients, clinicians, and policymakers. Until stronger evidence is available, the role of cannabis-based products in chronic pain treatment remains limited and uncertain.
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A surprising brain cleanup reduced epileptic seizures and restored memory | ScienceDaily
Temporal lobe epilepsy causes repeated seizures and often interferes with memory and thinking. New research now suggests that this condition is also tied to early aging in certain brain cells. Scientists at Georgetown University Medical Center report that eliminating these aging cells in mice led to fewer seizures, better memory, and protection against epilepsy in some animals. The aging cells were removed using both genetic approaches and drug-based treatments.


						
The National Institutes of Health (NIH)-funded study was published on December 22 in the journal Annals of Neurology.

A New Approach for Drug Resistant Epilepsy

"A third of individuals living with epilepsy don't achieve freedom from seizures with current medications." says senior author Patrick A. Forcelli, Ph.D., professor and chair of Georgetown School of Medicine's Department of Pharmacology & Physiology and the Jerome H. Fleisch & Marlene L. Cohen Endowed Professor of Pharmacology. "Our hope is that senotherapy, which involves using medications to remove senescent, or aging cells, could potentially minimize the need for surgery and/or improve outcomes after surgery."

Temporal lobe epilepsy (TLE) can arise from many underlying causes. These include head injuries related to trauma or stroke, infections such as meningitis, brain tumors, abnormal blood vessel structures, and inherited genetic conditions. TLE is the most common form of epilepsy that does not respond well to medication and affects roughly 40% of people with epilepsy.

Aging Support Cells Found in Human Brain Tissue

To explore the biology behind TLE, researchers examined donated human brain tissue that had been surgically removed from the temporal lobes of epilepsy patients. When compared with autopsy samples from individuals without epilepsy, the tissue from TLE patients showed a five-fold increase in senescent glial cells. Glial cells help maintain and protect neurons, although they do not generate electrical signals themselves.




Mouse Experiments Show Reduced Seizures and Memory Gains

Based on the findings in human tissue, the team investigated whether a similar buildup of aging cells occurred in a mouse model designed to mimic TLE. Within two weeks after the brain injury that initiated epilepsy in the mice, the researchers detected clear increases in markers of cellular aging at both the gene and protein levels.

When treatments were used to remove the aging cells, the effects were substantial. The number of senescent cells dropped by about 50%. The treated mice performed normally on maze-based memory tests, experienced fewer seizures, and about one-third were completely protected from developing epilepsy.

Repurposed Drugs With Known Safety Profiles

The drug treatment tested in the mice combined dasatinib and quercetin. Dasatinib is a targeted therapy currently used to treat leukemia. Quercetin is a plant flavonoid found in fruits, vegetables, tea, and wine that can act as a powerful antioxidant and have anti-inflammatory properties. This drug combination has been widely used in animal studies to eliminate senescent cells across several disease models.

The researchers selected these drugs in part because both are already being evaluated in early phase clinical trials for other conditions. Forcelli also notes that dasatinib is FDA approved for a form of leukemia, meaning its safety profile is well established. This could allow a faster transition toward clinical testing in people with epilepsy.




Broader Implications for Brain Aging and Disease

The study's first co-authors Tahiyana Khan, Ph.D. and David J. McFall, both trainees in Forcelli's lab, note that aging of glial cells has recently been linked to both normal aging and neurodegenerative conditions such as Alzheimer's disease. This connection is another focus of their ongoing research.

"We have ongoing studies using other repurposed drugs that can impact senescence as well as studies in other rodent models of epilepsy. We would like to understand the critical windows for intervention in epilepsy, and the hope is that these studies will lead to clinically useful treatments," says Forcelli.

Authors, Disclosures, and Funding

In addition to Forcelli, Khan and McFall, the study authors at Georgetown include Abbas I. Hussain, Logan A. Frayser, Timothy P. Casilli, Meaghan C. Steck, Irene Sanchez-Brualla, Ph.D., Noah M. Kuehn, Michelle Cho, Jacqueline A. Barnes, M.D., Brent T. Harris, M.D., Ph.D., and Stefano Vicini, Ph.D.

Forcelli and his co-authors report having no personal financial interests related to the study.

This research was supported by NIH grants R21NS125552, F99NS129108, T32NS041218, T32GM142520, F30NS143374-01, T32GM144880 and T3GM142520. Forcelli also receives support as the Jerome H. Fleisch & Marlene L. Cohen Endowed Professor of Pharmacology.
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Researchers find ADHD strengths linked to better mental health | ScienceDaily
Adults with ADHD who are aware of their personal strengths and actively use them tend to report better overall well-being, a higher quality of life, and fewer mental health challenges, according to a new international study.


						
The research was released during October's ADHD Awareness Month, which this year highlights "the many faces of ADHD." Scientists from the University of Bath, King's College London, and Radboud University Medical Center in the Netherlands collaborated on the first large-scale effort to measure psychological strengths associated with ADHD.

Large Study Compares Strengths in Adults With and Without ADHD

Published in Psychological Medicine, the study examined 200 adults diagnosed with ADHD and 200 adults without ADHD. Participants were asked how strongly they identified with 25 positive traits, including creativity, humor, spontaneity and hyperfocus. Researchers defined these traits as "things [they] do well or best."

ADHD is commonly discussed in terms of difficulties such as impulsivity, forgetfulness, and trouble sustaining attention. This study points to a different perspective by emphasizing the importance of recognizing and making use of strengths.

Luca Hargitai, lead researcher from the Department of Psychology at the University of Bath, said: "These exciting findings give us an indication of which positive qualities may be tied to ADHD and thus can be considered ADHD-related strengths. It can be really empowering to recognise that, while ADHD is associated with various difficulties, it does have several positive aspects."

Key Strengths More Commonly Endorsed by Adults With ADHD

Compared with participants without ADHD, those with ADHD were more likely to strongly identify with 10 specific strengths. These included:
    	Hyperfocus (deep concentration on tasks of interest)
    	Humor
    	Creativity
    	Spontaneity
    	Intuitiveness




Despite the well-documented challenges adults with ADHD often face in work, relationships, and mental health, the study found they were just as likely as neurotypical participants to recognize and use their strengths in everyday life.

Using Strengths Tied to Better Mental Health Across Groups

Across both groups, individuals who had greater awareness of their strengths and applied them more frequently reported clear benefits. These included:
    	Higher subjective well-being
    	Better quality of life (across physical, psychological, social and environmental domains)
    	Fewer symptoms of anxiety, depression and stress

Dr. Punit Shah, senior author and Associate Professor of Psychology at the University of Bath, said: "Our findings highlight that knowing that we have certain skills and positive qualities at our disposal and using these strengths where appropriate can be beneficial for our well-being. This might sound obvious, but now that our research confirms this hypothesis, we can start designing psychological supports with this fresh evidence."

Support for Strengths-Based Approaches in ADHD Care

The results add weight to strengths-based approaches in mental health care. While this framework is increasingly used in autism services, it has received far less attention in ADHD. Potential applications include psychoeducational programs, coaching, and customized therapies that help people identify and apply their strengths more effectively.




Dr. Shah added: "The next step now is to investigate whether interventions that promote the recognition and use of personal strengths can offer tangible improvements in mental wellbeing for adults with ADHD. People with ADHD and other neurodivergences have been calling for this for a long time and we are excited to have some of the first research to support this."

Why Comparing ADHD and Neurotypical Strengths Matters

Senior author Assistant Professor Martine Hoogman of Radboud University Medical Center in the Netherlands emphasized that research into ADHD-related strengths is still developing. She noted that many previous studies focused only on people with ADHD.

"Research on ADHD-related strengths is still in its early stages. Most studies ask only people with ADHD about their strengths, but we also asked neurotypical people. We found that people without ADHD recognise many of the same strengths, though only those with ADHD endorse some of them. This helps us better understand ADHD strengths.

"It's important to educate people with ADHD not just about challenges, but also about their potential strengths to improve quality of life and reduce risks in work or education."

Research Funding

The study was supported by funding from the UK Economic and Social Research Council and the Dutch Research Council.
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Swearing may unlock hidden strength, study finds | ScienceDaily
Blurting out a swear word during a frustrating moment often brings a sense of relief. Research now suggests it may also offer a physical advantage. According to findings published by the American Psychological Association, swearing can help people perform better on tasks that demand strength and endurance by reducing mental restraint and encouraging greater effort.


						
"In many situations, people hold themselves back -- consciously or unconsciously -- from using their full strength," said study author Richard Stephens, PhD, of Keele University in the U.K. "Swearing is an easily available way to help yourself feel focused, confident and less distracted, and 'go for it' a little more."

The study was published in the journal American Psychologist.

Earlier Evidence Linking Swearing and Endurance

Past research by Stephens and other scientists has consistently shown that swearing is linked to improved performance in physically demanding situations. These effects have been observed in challenges such as keeping a hand submerged in ice water for longer periods and sustaining body weight during a chair push-up exercise.

"That is now a well replicated, reliable finding," Stephens said. "But the question is -- how is swearing helping us? What's the psychological mechanism?"

How Swearing May Reduce Mental Restraint

Stephens and his research team suspected that swearing works by shifting people into a more disinhibited mental state. In this state, individuals may feel less restricted by social norms and internal hesitation, allowing them to apply more effort.




"By swearing, we throw off social constraint and allow ourselves to push harder in different situations," he said.

Testing the Effect in Controlled Experiments

To examine this idea, the researchers carried out two experiments involving a total of 192 participants. In both experiments, participants completed a chair pushup task while repeating either a swear word of their choosing or a neutral word every two seconds. After finishing the task, they answered questions about how they felt during the exercise.

The surveys assessed several mental factors associated with disinhibition. These included levels of positive emotion, how amusing participants found the task, how distracted they felt, and how confident they felt. The researchers also measured psychological "flow," which describes a state of deep focus and immersion in an activity.

Why Swearing May Enhance Performance

The results reinforced earlier findings. Participants who swore during the chair pushup task were able to hold their body weight for significantly longer than those who repeated a neutral word. When the researchers combined data from the two experiments with results from an earlier study, they found that the performance advantage was linked to higher levels of reported psychological flow, distraction, and self-confidence, which are key elements of a disinhibited state.




"These findings help explain why swearing is so commonplace," said Stephens. "Swearing is literally a calorie neutral, drug free, low cost, readily available tool at our disposal for when we need a boost in performance."

Exploring New Situations Beyond Exercise

The research team plans to investigate whether the benefits of swearing extend beyond physical challenges. According to study co-author Nicholas Washmuth, DPT, of the University of Alabama in Huntsville, future studies will focus on situations where hesitation often limits performance.

"Our labs are now studying how swearing influences public speaking and romantic approach behaviors, two situations where people tend to hesitate or second-guess themselves," he said.
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After the LA fires hospitals saw a sudden surge in illness | ScienceDaily
A new study from Cedars-Sinai reports a sharp rise in serious health problems in the months following the January 2025 wildfires in Los Angeles. Researchers found that an unusually high number of people experienced heart attacks, lung-related complications, or general illness within 90 days after the fires began.


						
"Wildfires that spread into urban areas have proven to be extremely dangerous because of how quickly they move and what they burn and release into the environment," said Susan Cheng, MD, MPH, director of Public Health Research at Cedars-Sinai and senior author of the study, published in JACC. "Our research suggests the Eaton and Pacific Palisades fires had an immediate effect on people's health."

How the researchers analyzed emergency visits

The Cedars-Sinai Emergency Department is located on the academic medical center's main campus, about 10 miles from Pacific Palisades and roughly 20 miles from Altadena, where the largest fires ignited in January 2025. Investigators examined emergency department visits during the 90 days after the fires began, from Jan. 7 to April 7, 2025. These data were compared with emergency visit records from the same calendar period in each year from 2018 through 2024.

Overall, the total number of emergency department visits during this 90-day window in 2025 did not differ significantly from previous years. However, visits tied to specific medical conditions rose sharply.

Spikes in illness, heart attacks, and lung problems

Compared with the average rates observed over the prior seven years, researchers identified a 118% increase in emergency visits for general illness. Visits related to heart attacks rose by 46%, while visits for pulmonary illness increased by 24%.




"Fine particles released by wildfires can enter the body and cause injury, particularly to the heart and lungs," said Cheng, who is also the Erika J. Glazer Chair in Cardiovascular Health and Population Science in the Smidt Heart Institute at Cedars-Sinai. "Stress related to the fires may also contribute to a broad range of health issues."

Blood test abnormalities linked to wildfire exposure

The study also revealed another concerning trend. Abnormal blood test results associated with general illness more than doubled during the 90-day period in 2025 compared with the same timeframe in earlier years. According to the investigators, this type of finding has not previously been reported following major wildfire events.

"Abnormal blood test results could indicate that the body is responding to an external stressor such as toxins in the air," said Joseph Ebinger, MD, MS, associate professor in the Department of Cardiology and first author of the study. "This study is an important step toward understanding how the Eaton and Palisades fires may have affected Angelenos' health. We need more research to determine what we can do to mitigate any remaining risks and protect people from fire harm in the future."

A long-term effort to track wildfire health impacts

This research is part of the broader LA Fire HEALTH Study, a collaborative effort focused on understanding the long-term health consequences of the fires that ignited in January 2025 across L.A. County. Scientists from Cedars-Sinai; the Harvard T.H. Chan School of Public Health; the Keck School of Medicine of the University of Southern California (USC); Stanford University; UCLA; the University of California, Davis (UCD); the University of California, Irvine (UCI); the University of Texas at Austin; and Yale University plan to continue studying these impacts over the next 10 years.

Additional Cedars-Sinai authors include Tzu Yu Huang, MS; Sandy Joung, MSHS, MBA; Juliane Kwong, BS; Wasay Warsi, MS, BS; Nancy Sun, MPS; Jesse Navarrette, MPA; Patrick Botting, DHSc; Zaldy S. Tan, MD, MPH; and Alan C. Kwan, MD.

Other authors include Brian L. Claggett, PhD, of Brigham and Women's Hospital in Boston. 

This work was partially supported by the Spiegel Family Fund, the Smidt Heart Foundation, and the Erika J. Glazer Family Foundation.
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        Astronomers ring in the new year with a stunning galaxy collision
        The Champagne Cluster is a rare and beautiful example of two galaxy clusters smashing together. Its festive name comes from both its New Year's Eve discovery and its bubbly appearance in space. Images reveal superheated gas and galaxies spread across a massive collision zone. Astronomers believe this system could help explain how dark matter responds when giant structures collide.

      

      
        Critical minerals are hiding in plain sight in U.S. Mines
        Researchers found that U.S. metal mines already contain large amounts of critical minerals that are mostly going unused. Recovering even a small fraction of these byproducts could sharply reduce dependence on imports for materials essential to clean energy and advanced technology. In many cases, the value of these recovered minerals could exceed the value of the mines' primary products. The findings point to a surprisingly simple way to boost domestic supply without opening new mines.

      

      
        Time runs faster on Mars and scientists just proved it
        Thanks to Einstein's relativity, time flows differently on Mars than on Earth. NIST scientists have now nailed down the difference, showing that Mars clocks tick slightly faster--and fluctuate over the Martian year. These microsecond shifts could play a big role in future Mars navigation, communications, and even a solar-system-wide internet. It's a small time gap with big consequences for space exploration.

      

      
        Most distant supernova: James Webb sees a star explode at cosmic dawn
        Scientists have detected the most distant supernova ever seen, exploding when the universe was less than a billion years old. The event was first signaled by a gamma-ray burst and later confirmed using the James Webb Space Telescope, which was able to isolate the blast from its faint host galaxy. Surprisingly, the explosion closely resembles supernovae linked to gamma-ray bursts in the modern universe.

      

      
        Fusion reactors may create dark matter particles
        Researchers say fusion reactors might do more than generate clean energy--they could also create particles linked to dark matter. A new theoretical study shows how neutrons inside future fusion reactors could spark rare reactions that produce axions, particles long suspected to exist but never observed. The work revisits an idea teased years ago on The Big Bang Theory, where fictional physicists couldn't solve the puzzle. This time, real scientists think they've found a way.

      

      
        A missing protein may be aging your immune system
        As we age, our immune system quietly loses its edge, and scientists have uncovered a surprising reason why. A protein called platelet factor 4 naturally declines over time, allowing blood stem cells to multiply too freely and drift toward unhealthy, mutation-prone behavior linked to cancer, inflammation, and heart disease. Researchers found that restoring this protein in older mice -- and even in human stem cells in the lab -- made aging blood and immune cells behave strikingly younger again.

      

      
        Large Hadron Collider finally explains how fragile matter forms
        In collisions at CERN's Large Hadron Collider, hotter than the Sun's core by a staggering margin, scientists have finally solved a long-standing mystery: how delicate particles like deuterons and their antimatter twins can exist at all. Instead of forming in the initial chaos, these fragile nuclei are born later, when the fireball cools, from the decay of ultra-short-lived, high-energy particles.

      

      
        Physicists close in on the elusive sterile neutrino
        Neutrinos may be nearly invisible, but they play a starring role in the Universe. Long-standing anomalies had hinted at a mysterious fourth "sterile" neutrino, potentially rewriting the laws of physics. Using exquisitely precise measurements of tritium decay, the KATRIN experiment found no evidence for such a particle, sharply contradicting earlier claims. With more data and upgrades ahead, the hunt is far from over.

      

      
        New images reveal what really happens when stars explode
        New high-resolution images show that novae are anything but simple stellar fireworks. One exploded with multiple gas streams colliding almost immediately, while another shockingly delayed its eruption for more than 50 days before unleashing a powerful blast. These complex outflows create shock waves that produce intense gamma rays, confirming long-standing theories with direct visual evidence. The findings reveal novae as evolving, multi-stage events rather than single, instant explosions.

      

      
        Scientists just found the best places to look for ancient life on Mars
        Mars once had sprawling river systems that rivaled major watersheds on Earth, and scientists have now identified the biggest ones for the first time. Researchers mapped 16 massive drainage basins where water likely flowed long enough to support life. Even though these areas cover just 5% of ancient Martian terrain, they account for a huge share of erosion and sediment movement. That makes them some of the most promising places to search for ancient life.

      

      
        NASA's Webb telescope just discovered one of the weirdest planets ever
        A newly discovered exoplanet is rewriting the rules of what planets can be. Orbiting a city-sized neutron star, this Jupiter-mass world has a bizarre carbon-rich atmosphere filled with soot clouds and possibly diamonds at its core. Its extreme gravity stretches it into a lemon shape, and it completes a full orbit in under eight hours. Scientists are stunned -- no known theory explains how such a planet could exist.

      

      
        This hidden flaw has been breaking EV batteries
        A major breakthrough in battery science reveals why promising single-crystal lithium-ion batteries haven't lived up to expectations. Researchers found that these batteries crack due to uneven internal reactions, not the grain-boundary damage seen in older designs. Even more surprising, materials thought to be harmful actually helped the batteries last longer. The discovery opens the door to smarter designs that could dramatically extend battery life and safety.

      

      
        Scientists may have found the best place for humans to land on Mars
        A newly identified region on Mars may hold the key to future human landings. Researchers found evidence of water ice less than a meter beneath the surface, close enough to be harvested for water, oxygen, and fuel. The location strikes a rare balance between sunlight and cold, helping preserve the ice. It could also offer clues about whether Mars once supported life.

      

      
        A new superconductor breaks rules physicists thought were fixed
        A shiny gray crystal called platinum-bismuth-two hides an electronic world unlike anything scientists have seen before. Researchers discovered that only the crystal's outer surfaces become superconducting--allowing electrons to flow with zero resistance--while the interior remains ordinary metal. Even stranger, the electrons on the surface pair up in a highly unusual pattern that breaks all known rules of superconductivity.

      

      
        This tiny chip could change the future of quantum computing
        A new microchip-sized device could dramatically accelerate the future of quantum computing. It controls laser frequencies with extreme precision while using far less power than today's bulky systems. Crucially, it's made with standard chip manufacturing, meaning it can be mass-produced instead of custom-built. This opens the door to quantum machines far larger and more powerful than anything possible today.

      

      
        Something fundamental about black holes may be changing
        New observations reveal that the relationship between ultraviolet and X-ray light in quasars has changed over billions of years. This unexpected shift suggests the structure around supermassive black holes may evolve with time, challenging a decades-old assumption.

      

      
        This strange magnetism could power tomorrow's AI
        Scientists in Japan have confirmed that ultra-thin films of ruthenium dioxide belong to a newly recognized and powerful class of magnetic materials called altermagnets. These materials combine the best of two magnetic worlds: they're stable against interference yet still allow fast, electrical readout--an ideal mix for future memory technology.

      

      
        Mars dust storms are crackling with electricity
        Mars isn't just dusty--it crackles with electricity. Scientists discovered that dust devils can generate tiny electric sparks, captured for the first time by Perseverance's microphone. These static discharges may rapidly destroy chemicals like methane and reshape how Mars' atmosphere works. The sparks could even affect climate patterns and pose risks to future missions.

      

      
        MIT just made aluminum 5x stronger with 3D printing
        MIT researchers have designed a printable aluminum alloy that's five times stronger than cast aluminum and holds up at extreme temperatures. Machine learning helped them zero in on the ideal recipe in a fraction of the time traditional methods would take. When 3D printed, the alloy forms a tightly packed internal structure that gives it exceptional strength. The material could eventually replace heavier, costlier metals in jet engines, cars, and data centers.

      

      
        A gold catalyst just broke a decade old green chemistry record
        A new catalyst design could transform how acetaldehyde is made from renewable bioethanol. Researchers found that a carefully balanced mix of gold, manganese, and copper creates a powerful synergy that boosts efficiency while lowering operating temperatures. Their best catalyst achieved a 95% yield at just 225degC and stayed stable for hours. The discovery points to a cleaner, more sustainable path for producing key industrial chemicals.

      

      
        A strange star near a black hole is defying expectations
        Astronomers have decoded the hidden past of a distant red giant star by listening to tiny vibrations in its light, revealing clues of a dramatic cosmic history. The star, which quietly orbits a dormant black hole, appears to be spinning far faster than it should--and its internal "starquakes" suggest it may have once collided and merged with another star. Even more puzzling, its chemical makeup makes it look ancient, while its internal structure reveals it's relatively young.

      

      
        How Earth endured a planet-wide inferno: The secret water vault under our feet
        When Earth was a molten inferno, water may have been locked safely underground rather than lost to space. Researchers discovered that bridgmanite deep in the mantle can store far more water at high temperatures than previously believed. During Earth's cooling, this hidden reservoir could have held water volumes comparable to today's oceans. Over time, that buried water helped drive geology and rebuild the planet's surface environment.

      

      
        What if AI becomes conscious and we never know
        A philosopher at the University of Cambridge says there's no reliable way to know whether AI is conscious--and that may remain true for the foreseeable future. According to Dr. Tom McClelland, consciousness alone isn't the ethical tipping point anyway; sentience, the capacity to feel good or bad, is what truly matters. He argues that claims of conscious AI are often more marketing than science, and that believing in machine minds too easily could cause real harm. The safest stance for now, he says...
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Astronomers ring in the new year with a stunning galaxy collision | ScienceDaily
Ring in the New Year with the "Champagne Cluster," a distant galaxy cluster featured in a new image that combines data from NASA's Chandra X-ray Observatory and optical telescopes.


						
Astronomers first identified this galaxy cluster on Dec. 31, 2020. That date, along with the cluster's bubbly look and the superheated gas detected by Chandra (represented in purple), led researchers to give it the memorable nickname "Champagne Cluster" instead of its formal name, RM J130558.9+263048.4.

Two Galaxy Clusters Colliding and Merging

The composite view reveals that the Champagne Cluster is not a single cluster at all. It is two galaxy clusters merging into a larger structure. In most clusters, gas heated to millions of degrees appears roughly circular or slightly oval in images. Here, the hot gas stretches much more from top to bottom, a clue that two clusters are colliding. You can also see two concentrations of galaxies, one above the center and one below it, marking the two groups involved in the merger. (The image has been rotated clockwise by 90 degrees so that North points to the right.)

Hot Gas and Dark Matter Dominate the Mass

In this forming cluster, the mass of the hot gas exceeds the combined mass of all the hundred-plus galaxies. Beyond that, the clusters hold even larger quantities of dark matter, the invisible material believed to be spread throughout the universe.

Alongside the Chandra X-ray observations, the image includes optical measurements from the Legacy Surveys (red, green, and blue). The Legacy Surveys bring together three complementary surveys using multiple telescopes located in Arizona and Chile.




A Rare Merger Like the Bullet Cluster

The Champagne Cluster belongs to an uncommon category of merging galaxy clusters. This group includes the famous Bullet Cluster, where the hot gas in each cluster has slammed together and slowed down, creating a clear offset between the hot gas and the most massive galaxy in each cluster.

To understand what happened, astronomers compared the observations with computer simulations and proposed two scenarios. In one, the two clusters collided more than two billion years ago, moved apart, and were pulled back together by gravity, with a second collision now underway. In the other, the clusters experienced a single collision about 400 million years ago and are currently moving away from each other. Researchers say additional studies of the Champagne Cluster could help show how dark matter behaves during a high-speed collision.

Research Paper and Chandra Mission Operations

A study presenting these findings recently appeared in The Astrophysical Journal. The paper's authors are Faik Bouhrik, Rodrigo Stancioli, and David Wittman from the University of California, Davis.

NASA's Marshall Space Flight Center in Huntsville, Alabama, oversees the Chandra program. The Smithsonian Astrophysical Observatory's Chandra X-ray Center runs science operations from Cambridge, Massachusetts, and manages flight operations from Burlington, Massachusetts.
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Critical minerals are hiding in plain sight in U.S. Mines | ScienceDaily
The United States may already be producing most of the critical minerals it needs, but much of that material is currently going unused. A new statistical study led by Elizabeth Holley and her research team shows that valuable minerals could be recovered as byproducts from active U.S. metal mines, sharply reducing the nation's reliance on foreign imports.


						
Critical mineral byproducts are elements that occur naturally alongside metals like copper, gold, zinc, or nickel. These secondary minerals are not the main target of mining operations, so they are often separated out and discarded during processing. According to the researchers, recovering even small amounts of these overlooked materials could have a major impact on U.S. supply chains.

The researchers found that if 90 percent of these byproducts were recovered, they "could meet nearly all U.S. critical mineral needs; one percent recovery would substantially reduce import reliance for most elements evaluated." This means that even modest improvements in recovery technology could significantly reduce dependence on overseas sources.

What Are Critical Minerals and Why They Matter

Critical minerals are materials that are essential to the economy and national security but face supply risks due to limited domestic production or geopolitical instability. In the United States, this category includes minerals such as cobalt, nickel, manganese, lithium, tellurium, germanium, and many others.

These elements play key roles in modern technology. They are used in rechargeable batteries for electric vehicles, magnets for wind turbines, semiconductors for electronics, and solar panels for renewable energy. Some are also vital for defense systems, medical devices, and communications equipment.

Demand for these materials is growing rapidly as clean energy technologies expand. At the same time, many critical minerals are currently imported from regions affected by political tension or trade uncertainty. Developing entirely new mines can take decades, making alternative domestic sources especially attractive.




How Researchers Measured Untapped Mineral Potential

To estimate how much of these minerals could be recovered inside the United States, Holley and her colleagues combined two large datasets. One database tracked the main commodities produced at federally permitted U.S. metal mines. The other included detailed geochemical measurements showing the concentrations of 70 critical minerals found in ore samples across the country.

By pairing production data with mineral chemistry data, the team was able to estimate how much of each critical mineral is already being mined and processed, but not recovered. Instead, these materials end up in mine waste, also known as tailings, which must be stored and monitored to prevent environmental harm.

In many cases, the study found that recovering less than 10 percent of these byproducts would generate a higher total dollar value than the primary metals currently being sold by U.S. mines. This suggests that what is treated as waste today could become a major economic resource.

Economic, Strategic, and Environmental Benefits

The potential benefits of recovering critical mineral byproducts extend beyond economics. Reducing import dependence would strengthen supply security for industries tied to energy, technology, and defense. It could also help protect the U.S. from supply disruptions caused by international conflicts or trade restrictions.

There are environmental advantages as well. Recovering valuable minerals instead of discarding them would reduce the volume and long term impact of mine waste. It could also create new opportunities to reuse processed materials in construction and other applications.

Despite the promise, challenges remain. Recovering small amounts of minerals from complex ore mixtures requires advanced technology, additional processing steps, and supportive policies. As Holley has explained, the difficulty lies in making recovery practical and cost effective at scale.

Still, the findings point to a largely untapped opportunity. Active U.S. mines are already handling the materials needed for batteries, clean energy systems, and high tech manufacturing. With targeted investment, research, and policy incentives, these hidden byproducts could become a powerful domestic resource rather than a discarded one.
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Time runs faster on Mars and scientists just proved it | ScienceDaily
On Earth, finding the exact time is effortless. Our planet relies on a sophisticated global system that combines atomic clocks, GPS satellites, and ultra-fast communication networks to keep everything in sync.


						
That precision does not extend naturally beyond Earth. Albert Einstein showed that time does not move at the same pace everywhere in the universe. The rate at which a clock ticks depends on gravity, meaning clocks run slightly slower in stronger gravity and faster in weaker gravity. Even coordinating time across Earth is complex. Extending that coordination across the solar system is far more challenging. For future explorers hoping to live and work on Mars, one fundamental question must be answered first: What time is it on Mars?

Scientists Calculate Mars Time for the First Time

Physicists at the National Institute of Standards and Technology (NIST) have now produced a precise answer. Their calculations show that, on average, clocks on Mars tick 477 microseconds (millionths of a second) faster per day than clocks on Earth. That difference is not constant. Because of Mars' stretched orbit and gravitational influences from other bodies, the time difference can vary by as much as 226 microseconds per day throughout the Martian year.

The research was recently published in The Astronomical Journal and builds on a 2024 study in which NIST scientists outlined a framework for highly precise timekeeping on the Moon.

Understanding how time passes on Mars is essential for future missions, said NIST physicist Bijunath Patla. As NASA prepares for more advanced Mars exploration, accurate timing will be critical for navigation, communication, and coordination across planetary distances.

"The time is just right for the Moon and Mars," Patla said. "This is the closest we have been to realizing the science fiction vision of expanding across the solar system."

Mars Time Zone




Mars operates on a different schedule than Earth in more ways than one. A single Martian day lasts about 40 minutes longer than an Earth day, and a Martian year stretches across 687 Earth days compared with 365 days on Earth. Beyond those obvious differences, scientists needed to determine whether each second on Mars passes at the same rate as it does on Earth.

An atomic clock placed on the surface of Mars would function normally. The clock itself would tick just as it does on Earth. The problem appears when that Mars clock is compared with one on Earth. Over time, the two clocks drift apart. The task for scientists was to determine exactly how large that offset becomes, similar to defining a planetary time zone.

That calculation proved more complicated than expected. According to Einstein's theory of relativity, gravity alters the flow of time. Clocks slow down in stronger gravity and speed up where gravity is weaker. A planet's motion through space also affects how time passes, with orbital speed contributing additional changes.

Gravity, Orbits, and Relativity

To make the calculations possible, NIST researchers selected a specific reference point on the Martian surface, comparable to sea level at Earth's equator. Using data gathered from years of Mars missions, Patla and fellow NIST physicist Neil Ashby estimated surface gravity on Mars, which is about five times weaker than Earth's.

Gravity from Mars alone was not enough to explain the full picture. The solar system is a dynamic environment filled with massive objects that constantly pull on one another. The Sun contains more than 99% of the solar system's total mass, and its gravitational influence dominates planetary motion.




Mars' location in the solar system -- its distance from the Sun, its neighbors like Earth, the Moon, Jupiter and Saturn -- forces it into a more elongated and eccentric orbit. By contrast, Earth and the Moon follow relatively stable paths. As a result, time on the Moon consistently runs 56 microseconds faster per day than time on Earth.

"But for Mars, that's not the case. Its distance from the Sun and its eccentric orbit make the variations in time larger. A three-body problem is extremely complicated. Now we're dealing with four: the Sun, Earth, the Moon and Mars," Patla explained. "The heavy lifting was more challenging than I initially thought."

After accounting for Martian surface gravity, orbital motion, and the gravitational effects of the Sun, Earth, and Moon, Patla and Ashby arrived at their final calculation.

Paving the Way for Solar System Internet

A difference of 477 millionths of a second may seem insignificant. It is roughly one thousandth of the time it takes to blink. Yet such tiny differences matter greatly in modern technology. For example, 5G communication systems require timing accuracy within a tenth of a microsecond.

Today, messages sent between Earth and Mars take anywhere from four to 24 minutes to arrive, and sometimes even longer. Patla compared the situation to communication before the telegraph, when handwritten letters crossed oceans by ship and replies took weeks or months to return.

Developing a reliable framework for timekeeping between planets could eventually allow for synchronized communication networks across the solar system.
"The time is just right for the Moon and Mars. This is the closest we have been to realizing the science fiction vision of expanding across the solar system." Bijunath Patla, NIST physicist

"If you get synchronization, it will be almost like real-time communication without any loss of information. You don't have to wait to see what happens," Patla said.

Preparing for Future Mars Exploration

Fully synchronized interplanetary networks remain far in the future, as do permanent human settlements on Mars. Still, studying these timing challenges now helps scientists anticipate the obstacles ahead, Ashby noted.

"It may be decades before the surface of Mars is covered by the tracks of wandering rovers, but it is useful now to study the issues involved in establishing navigation systems on other planets and moons," Ashby said. "Like current global navigation systems like GPS, these systems will depend on accurate clocks, and the effects on clock rates can be analyzed with the help of Einstein's general theory of relativity."

Patla added that the research also advances fundamental science. Measuring how time behaves on distant worlds provides new tests of Einstein's theories of special and general relativity.

"It's good to know for the first time what is happening on Mars timewise. Nobody knew that before. It improves our knowledge of the theory itself, the theory of how clocks tick and relativity," he said. "The passage of time is fundamental to the theory of relativity: how you realize it, how you calculate it, and what influences it. These may seem like simple concepts, but they can be quite complicated to calculate."
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Most distant supernova: James Webb sees a star explode at cosmic dawn | ScienceDaily
Astronomers from around the world have reached a major milestone in studying the early universe. Using the James Webb Space Telescope (JWST), they identified a supernova, the explosive death of a massive star, at a distance never observed before.


						
The blast, known as SN in GRB 250314A, occurred when the universe was only about 730 million years old. This places it firmly within the era of reionisation, a period when the first stars and galaxies were beginning to emerge. The observation offers a rare and direct view of how massive stars ended their lives during this formative stage of cosmic history.

A Gamma Ray Burst Leads the Way

The discovery was first reported in the academic paper 'JWST reveals a supernova following a gamma-ray burst at z [?] 7.3,' (Astronomy & Astrophysics, 704, December 2025). The event initially drew attention after a powerful flash of high energy radiation, called a long duration Gamma Ray Burst (GRB), was detected on March 14, 2025 by the space based multi band astronomical Variable Objects Monitor (SVOM). Astronomers then used the European Southern Observatory's Very Large Telescope (ESO/VLT) to confirm that the source was located at an extreme distance.

JWST Separates the Explosion From Its Host Galaxy

The decisive observations came about 110 days after the burst, when JWST targeted the region using its Near Infrared Camera (NIRCAM). These images allowed researchers to isolate the fading light of the supernova from the much dimmer glow of its host galaxy, a critical step in confirming the nature of the explosion.

Co author and UCD School of Physics astrophysicist Dr. Antonio Martin Carrillo explained the importance of the finding: "The key observation, or smoking gun, that connects the death of massive stars with gamma-ray bursts is the discovery of a supernova emerging at the same sky location. Almost every supernova ever studied has been relatively nearby to us, with just a handful of exceptions to date. When we confirmed the age of this one, we saw a unique opportunity to probe how the Universe was there and what type of stars existed and died back then.




"Using models based on the population of supernovae associated with GRBs in our local universe, we made some predictions of what the emission should be and used it to proposed a new observation with the James Webb Space Telescope. To our surprise, our model worked remarkably well and the observed supernova seems to match really well the death of stars that we see regularly. We were also able to get a glimpse of the galaxy that hosted this dying star."

An Unexpectedly Familiar Explosion

Measurements show that this distant supernova closely matches the brightness and spectral features of SN 1998bw, a well known supernova linked to a gamma ray burst that exploded much closer to Earth. This resemblance suggests that the star behind GRB 250314A was not dramatically different from massive stars that produce similar explosions in the nearby universe.

Despite forming in an environment with very different conditions, including much lower metallicity, the star appears to have died in a familiar way. The data also rule out a far brighter type of explosion, such as a Superluminous Supernova (SLSN).

Rethinking the First Generations of Stars

These results challenge the long held idea that the earliest stars would produce explosions that were distinctly brighter or bluer than those seen today. Instead, the findings point to a surprising consistency in how massive stars end their lives across cosmic time.

While the discovery provides an important reference point for understanding stellar evolution in the early universe, it also raises new questions about why these explosions appear so uniform.

The team plans to conduct another round of JWST observations within the next one to two years. By then, the supernova should have faded by more than two magnitudes, making it easier to fully study the faint host galaxy and confirm exactly how much light came from the supernova itself.
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Fusion reactors may create dark matter particles | ScienceDaily
A University of Cincinnati physicist and an international team of collaborators say they have worked out a theoretical method for producing axions inside fusion reactors. It is a challenge that even two well known fictional physicists could not solve on television.


						
On the CBS sitcom "The Big Bang Theory," characters Sheldon Cooper and Leonard Hofstadter wrestled with the same idea across three episodes in Season 5. Despite their efforts, the problem remained unsolved in the show.

Now UC physics professor Jure Zupan and his co authors from the Fermi National Laboratory, MIT and Technion-Israel Institute of Technology report a possible solution. Their findings appear in a new study published in the Journal of High Energy Physics.

Why Axions Matter to Dark Matter Research

Axions are theoretical subatomic particles that scientists believe could help explain dark matter. Dark matter is of intense interest because it plays a major role in shaping the universe after the Big Bang nearly 14 billion years ago.

Although dark matter has never been detected directly, physicists think it makes up most of the matter in the universe. Ordinary matter, including stars, planets and people, accounts for only a small fraction. Dark matter earns its name because it does not absorb or reflect light.

Its presence is inferred through gravity. The unusual motions of galaxies and the stars within them suggest that large amounts of unseen matter are exerting gravitational pull. One leading idea is that dark matter consists of extremely light particles known as axions.




Fusion Reactors as a Source of New Particles

In their study, Zupan and his colleagues examined a fusion reactor design that uses deuterium and tritium fuel inside a lithium lined vessel. This type of reactor is being developed through an international collaboration in southern France.

Such a reactor would generate vast numbers of neutrons along with energy. According to the researchers, those neutrons could also lead to the creation of particles linked to the dark sector.

"Neutrons interact with material in the walls. The resulting nuclear reactions can then create new particles," he said.

Another possible production route occurs as neutrons collide with other particles and slow down. This process releases energy in a phenomenon known as bremsstrahlung, or "braking radiation."

Through these mechanisms, the reactor could theoretically produce axions or axion like particles. Zupan noted that this is where the fictional physicists on television came up short.




The Big Bang Theory Easter Egg Explained

"The Big Bang Theory" aired from 2007 to 2019, won seven Emmys and remains one of the most watched shows on streaming platforms, according to Nielsen.

"The general idea from our paper was discussed in 'The Big Bang Theory' years ago, but Sheldon and Leonard couldn't make it work," Zupan said.

In one episode, a white board displays an equation and diagram that Zupan said represent how axions are produced in the sun. In a later episode, a different equation appears on another board. Under the calculations, drawn in a different marker color, is a clear sad face -- a visual sign of failure.

Zupan explained that the equation compares the chances of detecting axions from a fusion reactor with those coming from the sun -- and the comparison is not encouraging.

"The sun is a huge object producing a lot of power. The chance of having new particles produced from the sun that would stream to Earth is larger than having them produced in fusion reactors using the same processes as in the Sun. However, one can still produce them in reactors using a different set of processes," he said.

The show never explicitly mentions axions or explains the white boards. These details serve as inside jokes for scientists, fitting a series known for weaving concepts like Schrodinger's cat and the Doppler effect into its plots, along with appearances by Nobel Prize winners and "Star Trek" alumni.

"That's why it's fantastic to watch as a scientist," Zupan said. "There are many layers to the jokes."
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A missing protein may be aging your immune system | ScienceDaily
As people grow older, visible changes like gray hair and weaker muscles are only part of the story. Aging also affects the immune system. One major reason is that the stem cells responsible for producing blood and immune cells can accumulate genetic mutations over time, increasing the risk of cancer and other health problems.


						
Scientists at the University of Illinois Chicago have identified a key biological process behind this shift. Writing in the journal Blood, the researchers report that aging is linked to declining levels of a protein called platelet factor 4. Even more striking, restoring this protein in older blood cells reversed several signs of cellular aging. The findings suggest a potential new target for treating age-related disorders of the blood and immune system.

The Role of Blood Stem Cells in Immune Health

Hematopoietic stem cells, often called blood stem cells, reside in the bone marrow and serve as the foundation of the body's blood and immune systems. These rare cells generate all major types of blood and immune cells needed for oxygen transport and protection against infection.

"Our hematopoietic stem cells are very rare," said UIC's Sandra Pinho, associate professor of pharmacology and regenerative medicine in the College of Medicine. "We call them the Holy Grail of the immune system."

In younger individuals, these stem cells maintain a healthy balance. They produce myeloid cells, which include red blood cells and some immune cells, as well as lymphoid cells, such as T and B cells that play a central role in fighting infections.

Why Aging Stem Cells Lose Balance

As the body ages, blood stem cells begin to favor the production of myeloid cells while generating fewer lymphoid cells. This shift alters immune function and weakens the body's ability to respond to disease.




"That's one of the reasons why, normally, older individuals are not used as donors for bone marrow transplantation, because their stem cells are not as potent," Pinho said.

This imbalance not only affects immunity but also increases vulnerability to age-related diseases.

Platelet Factor 4 and Stem Cell Control

Through studies in mice and human bone marrow samples, the researchers found that platelet factor 4 plays a central role in regulating blood stem cell behavior. In younger people and animals, the protein acts as a signaling molecule that limits how often stem cells divide. This control is especially important for stem cells that produce myeloid cells.

With age, immune cells produce less platelet factor 4. As a result, stem cells divide more frequently and without proper regulation.

"When stem cells start to divide more often than they should, and if their proliferation is not regulated, they can accumulate mutations over time," said Pinho.




In humans, these mutations are linked to chronic inflammation, a higher risk of blood cancers, and even cardiovascular disease.

Reversing Signs of Immune Aging in the Lab

The team discovered that restoring platelet factor 4 could counteract these age-related changes. Older mice received daily blood infusions of the protein for more than a month. After treatment, their blood and immune cells showed behavior and characteristics more typical of much younger animals.

Similar effects were observed in laboratory experiments using human stem cells. When platelet factor 4 was added to aged human cells, the researchers saw a clear improvement in stem cell function.

"It rejuvenated the aging of the blood system," Pinho said.

What This Means for Aging and Disease

While the results are promising, platelet factor 4 alone is not expected to reverse aging throughout the entire body or significantly extend human lifespan.

Though the effect was strong, platelet factor 4 won't be a silver bullet that reverses the aging of all tissues and prolongs the lifespan of elderly human patients alone, Pinho said. However, it could become part of broader strategies aimed at improving age-related conditions.

"It's clear evidence that it's possible to reverse, intrinsically, certain age-associated disorders," Pinho said.

Sen Zhang, a postdoctoral fellow in the Pinho lab, is the study's first author. The research was co-led by Constantinos Chronis from the Department of Biochemistry and Molecular Genetics, who also served as a co-corresponding author. Additional contributors from UIC include Charles Ayemoba, Anna Di Staulo, Kenneth Joves, Chandani Patel, Eva Leung, Maura Bueno, Xiaoping Du and Sang-Ging Ong.
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Large Hadron Collider finally explains how fragile matter forms | ScienceDaily
Scientists have now clarified how deuterons form under extreme conditions. Protons and neutrons needed to create these tiny nuclei are released when extremely short-lived, high-energy particle states decay (so-called resonances). Once freed, the particles can join together to form deuterons. The same process also explains how antideuterons, made of antimatter, are produced. These results were reported in the journal Nature.


						
At CERN's Large Hadron Collider (LHC), proton collisions generate temperatures more than 100,000 times hotter than the Sun's core. For years, researchers did not understand how delicate particles like deuterons and antideuterons could exist in such intense heat. A deuteron contains just one proton and one neutron, held together by a relatively weak force. Under these conditions, such a light atomic nucleus should break apart almost instantly. Even so, experiments kept detecting them. Researchers have now shown that roughly 90 percent of the observed (anti)deuterons form through this newly identified process, rather than surviving the initial blast.

New Insight Into the Strong Interaction

TUM particle physicist Prof. Laura Fabbietti, a member of the ORIGINS Cluster of Excellence and SFB1258, highlights the importance of the discovery. "Our result is an important step toward a better understanding of the 'strong interaction' -- that fundamental force that binds protons and neutrons together in the atomic nucleus. The measurements clearly show: light nuclei do not form in the hot initial stage of the collision, but later, when the conditions have become somewhat cooler and calmer."

Dr. Maximilian Mahlein, a researcher at Fabbietti's Chair for Dense and Strange Hadronic Matter at the TUM School of Natural Sciences, adds that the findings have broader implications. "Our discovery is significant not only for fundamental nuclear physics research. Light atomic nuclei also form in the cosmos -- for example in interactions of cosmic rays. They could even provide clues about the still-mysterious dark matter. With our new findings, models of how these particles are formed can be improved and cosmic data interpreted more reliably."

CERN and the Large Hadron Collider

CERN (Conseil Europeen pour la Recherche Nucleaire) is the world's largest center for particle physics research. Located near Geneva on the border between Switzerland and France, it is home to the LHC, a 27-kilometer-long underground ring accelerator. Inside the LHC, protons are smashed together at nearly the speed of light. These collisions recreate conditions similar to those shortly after the Big Bang, reaching temperatures and energies not found anywhere else today. This allows scientists to study matter at its most basic level and test the fundamental laws of nature.




ALICE and the Birth of Matter

One of the LHC's key experiments is ALICE (A Large Ion Collider Experiment), which focuses on understanding the strong interaction that holds atomic nuclei together. ALICE functions like an enormous camera, able to track and reconstruct up to 2000 particles produced in a single collision. By doing so, researchers aim to recreate the universe's earliest moments and learn how a hot mixture of quarks and gluons eventually formed stable atomic nuclei and, ultimately, all matter.

Exploring Cosmic Origins and Fundamental Forces

The ORIGINS Cluster of Excellence studies how the universe and its structures came into being, from galaxies and stars to planets and the basic components of life. Its research follows the path from the smallest particles in the early universe to the development of biological systems. This includes searching for environments that could support life beyond Earth and gaining deeper insight into dark matter. In May 2025, a second funding phase for ORIGINS, proposed by TUM and Ludwig-Maximilians-Universitat Munchen (LMU), was approved under Germany's Excellence Strategy.

The Collaborative Research Center "Neutrinos and Dark Matter in Astro- and Particle Physics" (SFB 1258) concentrates on fundamental physics questions, with particular attention to the weak interaction, one of the four fundamental forces of nature. The third funding period of the SFB1258 began in January 2025.
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Physicists close in on the elusive sterile neutrino | ScienceDaily
Neutrinos are extraordinarily difficult to detect, yet they are among the most abundant matter particles in the Universe. According to the Standard Model of particle physics, there are three known kinds. That picture changed when scientists discovered neutrino oscillations, a phenomenon showing that neutrinos have mass and can switch between types as they move through space. Over the years, several unexplained experimental results have fueled speculation about a fourth variety known as a sterile neutrino, which would interact even more weakly than the others. Confirming its existence would mark a major shift in our understanding of fundamental physics.


						
A new study published in Nature reports the most precise direct search so far for sterile neutrinos. The work comes from the KATRIN collaboration, which analyzed radioactive decays of tritium to look for subtle signs of an additional neutrino type.

The KATRIN (Karlsruhe Tritium Neutrino) experiment was originally designed to measure the mass of neutrinos. It does this by carefully tracking the energies of electrons released during the b-decay of tritium. When tritium decays, the neutrino carries away some energy, which slightly alters the energy pattern of the emitted electrons. If a sterile neutrino were sometimes produced instead, it would leave a recognizable distortion, or "kink," in that pattern.

Located at the Karlsruhe Institute of Technology in Germany, KATRIN stretches more than 70 meters in length. Its setup includes a powerful windowless gaseous tritium source, a high-resolution spectrometer that precisely measures electron energies, and a detector that records the particles. Since beginning operations in 2019, the experiment has collected tritium b-decay data with unmatched precision, specifically searching for the tiny deviations expected from a sterile neutrino.

What the Data Reveal About Sterile Neutrinos

In the new Nature paper, the team reports the most sensitive tritium b-decay search for sterile neutrinos to date. Between 2019 and 2021, KATRIN recorded about 36 million electrons over 259 days of data taking. These measurements were compared with detailed models of b-decay and achieved accuracy better than one percent. The analysis found no evidence of a sterile neutrino.

This result rules out a broad range of possibilities that had been suggested by earlier anomalies. Those anomalies included unexpected deficits seen in reactor-neutrino experiments and gallium-source measurements, both of which had hinted at a fourth neutrino. The findings also completely contradict the Neutrino-4 experiment, which had claimed evidence for such a particle.




KATRIN's exceptionally low background means that nearly all detected electrons originate from tritium decay, allowing for a very clean measurement of the energy spectrum. Unlike oscillation experiments, which observe how neutrinos change identity after traveling some distance, KATRIN examines the energy distribution at the moment the neutrino is created. Because these methods probe different aspects of neutrino behavior, they complement each other and together provide strong evidence against the sterile neutrino hypothesis.

How KATRIN Complements Other Experiments

"Our new result is fully complementary to reactor experiments such as STEREO," explains Thierry Lasserre (Max-Planck-Institut fur Kernphysik) in Heidelberg, who led the analysis. "While reactor experiments are most sensitive to sterile-active mass splittings below a few eV2, KATRIN explores the range from a few to several hundred eV2. Together, the two approaches now consistently rule out light sterile neutrinos that would noticeably mix with the known neutrino types."

Looking Ahead to More Data and New Detectors

KATRIN will continue collecting data through 2025, which will further improve its sensitivity and allow even stricter tests for light sterile neutrinos. "By the completion of data taking in 2025, KATRIN will have recorded more than 220 million electrons in the region of interest, increasing the statistics by over a factor of six," says KATRIN co-spokesperson Kathrin Valerius (KIT). "This will allow us to push the boundaries of precision and probe mixing angles below the present limits."

An upgrade is planned for 2026, when the TRISTAN detector will be added to the experiment. TRISTAN will record the full tritium b-decay spectrum with unprecedented statistics. By bypassing the main spectrometer and measuring electron energies directly TRISTAN will be able to investigate much heavier sterile neutrinos. "This next-generation setup will open a new window into the keV-mass range, where sterile neutrinos might even form the Universe's dark matter," says co-spokesperson Susanne Mertens (Max-Planck-Institut fur Kernphysik).

An International Scientific Effort

The KATRIN Collaboration brings together scientists from more than 20 institutions across 7 countries, reflecting the global effort behind one of the most precise neutrino experiments ever built.
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New images reveal what really happens when stars explode | ScienceDaily
Astronomers have obtained remarkably detailed images of two stellar explosions -- called novae -- just days after they began. The new observations offer clear proof that these outbursts are not as simple as once believed. Instead of a single blast, the explosions can send out more than one stream of material and may even delay some of the ejection in dramatic ways.


						
The international research team reported the work in Nature Astronomy. They used interferometry at the Center for High Angular Resolution Astronomy (CHARA Array) in California, a method that combines light from multiple telescopes to create extremely sharp views. That added resolution made it possible to directly image these fast-changing events as they evolved.

"The images give us a close-up view of how material is ejected away from the star during the explosion," said Georgia State's Gail Schaefer, director of the CHARA Array. "Catching these transient events requires flexibility to adapt our night-time schedule as new targets of opportunity are discovered."

What a Nova Is and Why Shock Waves Matter

A nova happens in a close binary system when a white dwarf, the dense leftover core of a star, pulls gas from a nearby companion. As the stolen material builds up, it can ignite in a runaway nuclear reaction, triggering a sudden brightening in the sky. Until recently, astronomers mostly had to piece together the earliest stages indirectly because the expanding debris looked like a single pinpoint of light.

Seeing exactly how the ejecta blast outward and interact is key to explaining how shock waves form in novae. Those shocks were first linked to novae by NASA's Fermi Large Area Telescope (LAT). During its first 15 years, Fermi-LAT detected GeV emission from more than 20 novae, showing that these eruptions can produce gamma rays in our galaxy and pointing to their promise as multi-messenger sources.

Two 2021 Novae With Very Different Behavior

The team focused on two novae that erupted in 2021 and found that they behaved in strikingly different ways. Nova V1674 Herculis was one of the fastest ever recorded, rising and fading within days. The images revealed two separate gas flows moving in perpendicular directions -- a sign that the event involved multiple ejections interacting with each other. The timing was especially telling: the new outflows appeared in the images while NASA's Fermi Gamma-ray Space Telescope was also detecting high-energy gamma rays, directly connecting the shock-powered radiation to those colliding streams.




Nova V1405 Cassiopeiae unfolded much more slowly. It unexpectedly held onto its outer layers for more than 50 days before releasing them, offering the clearest evidence yet for a delayed expulsion in a nova. When that material finally broke free, it set off fresh shocks, and NASA's Fermi again observed gamma rays tied to the renewed violence.

"These observations allow us to watch a stellar explosion in real time, something that is very complicated and has long been thought to be extremely challenging," said Elias Aydi, lead author of the study and a professor of physics and astronomy at Texas Tech University. "Instead of seeing just a simple flash of light, we're now uncovering the true complexity of how these explosions unfold. It's like going from a grainy black-and-white photo to high-definition video."

Interferometry Reveals Structure and Spectra Confirm the Details

The ability to see such fine structure comes from interferometry, the same type of technique used to help image the black hole at the center of our galaxy. The team also compared the images with spectra from major facilities such as Gemini. Those spectra tracked changing signatures in the ejected gas, and new spectral features matched up with structures seen in the interferometric images, providing a direct one-to-one confirmation of how the flows were forming and colliding.

"This is an extraordinary leap forward," said John Monnier, a professor of astronomy at the University of Michigan, a co-author of the study and an expert in interferometric imaging. "The fact that we can now watch stars explode and immediately see the structure of the material being blasted into space is remarkable. It opens a new window into some of the most dramatic events in the universe."

What This Changes About Stellar Explosions and Gamma Rays

The findings show that novae can be far more complicated than a single sudden outburst. They also help explain why these events generate strong shocks that produce high-energy light, including gamma rays. NASA's Fermi telescope has been central to uncovering that connection, turning novae into real-world laboratories for studying shock physics and particle acceleration.




"Novae are more than fireworks in our galaxy -- they are laboratories for extreme physics," said Professor Laura Chomiuk, a co-author from Michigan State University and an expert on stellar explosions. "By seeing how and when the material is ejected, we can finally connect the dots between the nuclear reactions on the star's surface, the geometry of the ejected material and the high-energy radiation we detect from space."

Overall, the results challenge the long-standing idea that nova eruptions are single, impulsive events. The observations instead point to multiple ways a nova can unfold, including several outflows and delayed release of the star's outer envelope, reshaping how scientists understand these explosive episodes.

"This is just the beginning," Aydi said. "With more observations like these, we can finally start answering big questions about how stars live, die and affect their surroundings. Novae, once seen as simple explosions, are turning out to be much richer and more fascinating than we imagined."

The images of the two novae were collected through the CHARA Array open-access program, supported by the National Science Foundation under Grants No. AST-2034336 and AST-2407956. Georgia State's College of Arts & Sciences, Office of the Provost and Office of the Vice President for Research and Economic Development also provide institutional support for the CHARA Array.
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Scientists just found the best places to look for ancient life on Mars | ScienceDaily
Long before Mars became the cold, dry world we see today, rain once fell across its surface. Water gathered in low-lying valleys and river channels, overflowed crater rims, and rushed through canyons. Some of that water may have traveled far enough to reach a vast ocean that once covered part of the planet.


						
On Earth, regions shaped by large river systems are some of the richest ecosystems on the planet -- the Amazon River basin alone supports tens of thousands of known species. Scientists believe similar environments on ancient Mars could have provided favorable conditions for life during periods when liquid water was present.

Mapping Mars' Largest Ancient River Systems

In a study published in PNAS, researchers from The University of Texas at Austin report the first detailed identification of large river drainage systems on Mars. Their analysis pinpointed 16 extensive river basins that would have offered the most promising settings for life on the red planet.

"We've known for a long time that there were rivers on Mars," said co-author Timothy A. Goudge, an assistant professor in the Department of Earth and Planetary Sciences at the UT Jackson School of Geosciences. "But we really didn't know the extent to which the rivers were organized in large drainage systems at the global scale."

Combining Data for a Planet-Wide View

Goudge and postdoctoral researcher Abdallah S. Zaki assembled previously published data on Martian valley networks, lakes, and river features. By merging these datasets, they were able to trace how individual features connected and calculate the total size of the resulting drainage systems.




Their work revealed 19 major groupings of valleys, streams, lakes, canyons, and sediment deposits. Of these, 16 formed interconnected watersheds covering at least 100,000 square kilometers. On Earth, that size marks the lower limit of what scientists define as a large drainage basin. This marks the first systematic, planet-wide effort to identify large river basins on Mars.

"We did the simplest thing that could be done. We just mapped them and pieced them together," said Zaki, who led the research.

How Mars Compares to Earth

Large watersheds are far more common on Earth than on Mars. Our planet has 91 drainage basins that exceed 100,000 square kilometers. The Amazon River basin, the largest on Earth, spans roughly 6.2 million square kilometers. Texas' Colorado River basin narrowly meets the threshold at 103,300 square kilometers.

Wherever large river systems exist, life tends to follow. Bigger rivers transport greater amounts of nutrients, helping sustain diverse ecosystems. That is why the world's largest drainage basins host extraordinary biodiversity. Some, including the Indus River basin, are also regarded as birthplaces of human civilization.

Why Mars Has Fewer Large Watersheds

On Earth, tectonic forces constantly reshape the landscape, creating mountains, valleys, and varied terrain that guide water flow and link river systems together. This geological activity plays a key role in forming large drainage networks. Mars, by contrast, lacks active tectonics, which helps explain why its river systems are fewer and generally smaller.




Even so, the researchers found that Mars' largest drainage systems played an outsized role in shaping the planet. Although they cover only about 5% of ancient Martian terrain, these regions account for roughly 42% of all material eroded by rivers on Mars.

Because sediment carries nutrients, these locations are considered prime targets in the search for evidence of past life, Zaki said, though more research is needed to determine exactly where those sediments ultimately settled.

"The longer the distance, the more you have water interacting with rocks, so there's a higher chance of chemical reactions that could be translated into signs of life," he said.

Key Targets for Future Mars Missions

Much of Mars is made up of a patchwork of smaller drainage systems. Each may have supported habitable conditions at one time. Still, the researchers say the 16 largest drainage basins stand out as especially valuable targets for future exploration focused on habitability.

"It's a really important thing to think about for future missions and where you might go to look for life," Goudge said.

Broader Impact of the Research

Department Chair Danny Stockli said the study highlights the ongoing contributions of the Jackson School to planetary science.

"Tim Goudge and his team continue to be leaders in the field, making groundbreaking contributions to the understanding of Mars' planetary surface and hydrologic processes," he said.

The study also includes co-author David Mohrig, a professor in the Department of Earth and Planetary Sciences.
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NASA's Webb telescope just discovered one of the weirdest planets ever | ScienceDaily
Scientists using NASA's James Webb Space Telescope have identified a previously unknown kind of exoplanet, one whose atmosphere defies current ideas about how planets are supposed to form.


						
The newly observed world has a stretched, lemon-like shape and may even contain diamonds deep inside. Its strange characteristics make it difficult to classify, sitting somewhere between what astronomers typically consider a planet and a star.

A Carbon World Unlike Any Other

The object, officially named PSR J2322-2650b, has an atmosphere dominated by helium and carbon rather than the familiar gases seen on most known exoplanets. With a mass comparable to Jupiter, the planet is shrouded in dark soot-like clouds. Under the intense pressures inside the planet, scientists believe carbon from these clouds could be compressed into diamonds. The planet circles a rapidly spinning neutron star.

Despite detailed observations, how this planet formed remains unknown.

"The planet orbits a star that's completely bizarre -- the mass of the Sun, but the size of a city," said University of Chicago astrophysicist Michael Zhang, the study's principal investigator. The research has been accepted for publication in The Astrophysical Journal Letters. "This is a new type of planet atmosphere that nobody has ever seen before."

"This was an absolute surprise," said Peter Gao of the Carnegie Earth and Planets Laboratory in Washington, D.C. "I remember after we got the data down, our collective reaction was 'What the heck is this?'"

A Planet Orbiting a Pulsar




PSR J2322-2650b orbits a neutron star, also known as a pulsar, that spins at extraordinary speed.

Pulsars emit powerful beams of electromagnetic radiation from their magnetic poles at intervals measured in milliseconds. Most of that radiation comes in the form of gamma rays and other high-energy particles that are invisible to Webb's infrared instruments.

Because the star itself does not overwhelm Webb's detectors, researchers can observe the planet throughout its entire orbit. This is rarely possible, since most stars shine far brighter than the planets around them.

"This system is unique because we are able to view the planet illuminated by its host star, but not see the host star at all," said Maya Beleznay, a Stanford University graduate student who helped model the planet's shape and orbit. "So we get a really pristine spectrum. And we can better study this system in more detail than normal exoplanets."

A Startling Atmospheric Discovery

When scientists analyzed the planet's atmospheric signature, they found something entirely unexpected.




"Instead of finding the normal molecules we expect to see on an exoplanet -- like water, methane and carbon dioxide -- we saw molecular carbon, specifically C3 and C2," Zhang said.

The extreme pressure inside the planet could cause that carbon to crystallize, potentially forming diamonds deep below the surface.

Still, the most puzzling issue remains unanswered.

"It's very hard to imagine how you get this extremely carbon-enriched composition," Zhang said. "It seems to rule out every known formation mechanism."

A Planet in a Deadly Embrace

PSR J2322-2650b orbits extraordinarily close to its star, just 1 million miles away. By comparison, Earth sits about 100 million miles from the Sun.

Because of this proximity, the planet completes a full orbit in just 7.8 hours (the time it takes to go around its star).

By modeling subtle changes in the planet's brightness as it moves, researchers determined that intense gravitational forces from the much heavier pulsar are stretching the planet into its lemon-like shape.

The system may belong to a rare category known as a black widow. In these systems, a fast-spinning pulsar is paired with a smaller, low-mass companion. In earlier stages, material from the companion flowed onto the pulsar, increasing its spin and fueling a powerful wind. That wind, along with intense radiation, gradually strips material away from the smaller object.

Like the spider it is named after, the pulsar slowly consumes its partner.

In this case, however, the companion is classified as an exoplanet by the International Astronomical Union, not a star.

"Did this thing form like a normal planet? No, because the composition is entirely different," Zhang said. "Did it form by stripping the outside of a star, like 'normal' black widow systems are formed? Probably not, because nuclear physics does not make pure carbon."

A Mystery Scientists Are Eager to Solve

Roger Romani of Stanford University and the Kavli Institute for Particle Astrophysics and Cosmology is one of the world's leading experts on black widow systems. He has proposed a possible explanation for the planet's strange atmosphere.

"As the companion cools down, the mixture of carbon and oxygen in the interior starts to crystallize," Romani said. "Pure carbon crystals float to the top and get mixed into the helium, and that's what we see. But then something has to happen to keep the oxygen and nitrogen away. And that's where there's controversy."

"But it's nice to not know everything," Romani added. "I'm looking forward to learning more about the weirdness of this atmosphere. It's great to have a puzzle to go after."

Why Webb Made the Difference

This discovery was only possible because of the James Webb Space Telescope's infrared sensitivity and unique observing conditions. Positioned about a million miles from Earth, Webb uses a massive sunshield to keep its instruments extremely cold, which is essential for detecting faint infrared signals.

"On the Earth, lots of things are hot, and that heat really interferes with the observations because it's another source of photons that you have to deal with," Zhang said. "It's absolutely not feasible from the ground."

Additional University of Chicago contributors included Prof. Jacob Bean, graduate student Brandon Park Coy, and Rafael Luque, who was a postdoctoral researcher at UChicago and is now with the Instituto de Astrofisica de Andalucia in Spain.

Funding for the research came from NASA and the Heising-Simons Foundation.
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This hidden flaw has been breaking EV batteries | ScienceDaily
Researchers at Argonne National Laboratory and the UChicago Pritzker School of Molecular Engineering (UChicago PME) have identified the source of a long-standing battery problem linked to fading capacity, shorter lifespans, and in some cases fires. The findings clarify why certain advanced lithium ion batteries break down faster than expected and how those failures might be reduced.


						
The work, published in Nature Nanotechnology, explains how extremely small internal stresses can build up inside battery materials and trigger cracking. These effects are especially important for batteries used in electric vehicles and other high demand technologies, where durability and safety are critical.

"Electrification of society needs everyone's contribution," said one of the corresponding authors Khalil Amine, Argonne Distinguished Fellow and Joint Professor at UChicago, "If people don't trust batteries to be safe and long-lasting, they won't choose to use them."

Why New Battery Materials Fell Short

For years, engineers have struggled with cracking in lithium ion batteries that use polycrystalline nickel rich materials (PC-NMC) in their cathodes. These materials are made of many tiny crystal grains packed together, and repeated charging and discharging can cause them to fracture. To avoid this issue, researchers began shifting toward single-crystal nickel rich layered oxides (SC-NMC), which lack those internal grain boundaries.

Despite the promise, single-crystal cathodes did not always perform as well as expected. The new study explains why. The research was led by Jing Wang during her PhD work at UChicago PME through the GRC program, under the joint supervision of Prof. Shirley Meng's Laboratory for Energy Storage and Conversion and Amine's Advanced Battery Technology team.

The team found that design rules developed for polycrystalline cathodes were being incorrectly applied to single-crystal materials. That mismatch, they discovered, was at the heart of the performance problems.




Through the GRC program and UChicago's Energy Transition Network, Wang collaborated closely with national laboratory scientists and industry partners to push the research forward.

"When people try to transition to single-crystal cathodes, they have been following similar design principles as the polycrystal ones," said Wang, now a postdoctoral researcher working with UChicago and Argonne. "Our work identifies that the major degradation mechanism of the single-crystal particles is different from the polycrystal ones, which leads to the different composition requirements."

Rethinking Battery Design and Materials

The findings challenge both traditional battery design strategies and assumptions about which elements help or hurt performance. In particular, the study reshapes the understanding of how cobalt and manganese influence mechanical failure inside batteries.

"Not only are new design strategies needed, different materials will also be required to help single-crystal cathode batteries reach their full potential," said Meng, who also directs the Energy Storage Research Alliance (ESRA) at Argonne. "By better understanding how different types of cathode materials degrade, we can help design a suite of high-functioning cathode materials for the world's energy needs."

How Cracks Form in Battery Cathodes

In polycrystalline cathodes, charging and discharging causes the stacked particles to repeatedly expand and contract. Over time, this motion can widen the boundaries between grains, much like how cycles of freezing and thawing damage road surfaces.




"Typically, it will suffer about five to 10% volume expansion or shrinkages," Wang said. "Once an expansion or shrinkage exceeds the elastic limits, it will lead to the particle cracking."

When cracks grow large enough, liquid electrolyte can seep inside. This can trigger unwanted chemical reactions and oxygen release, raising safety risks including thermal runaway. Even without dramatic failures, the gradual result is capacity loss, as batteries slowly lose their ability to hold the same amount of charge.

Single-crystal cathodes do not contain grain boundaries, so researchers initially expected them to avoid these problems. Instead, they found that degradation still occurred, but for a different reason.

A Different Failure Mode Inside Single Crystals

The Argonne and UChicago PME team showed that damage in single-crystal NMC cathodes follows a distinct mechanical failure process.

"We demonstrate that degradation in single-crystal NMC cathodes is predominantly governed by a distinct mechanical failure mode," said another corresponding author, Tongchao Liu, a chemist at Argonne. "By identifying this previously underappreciated mechanism, this work establishes a direct link between material composition and degradation pathways, providing deeper insight into the origins of performance decay in these materials."

Using multi-scale synchrotron X ray techniques and a high-resolution transmission electron microscope, the researchers observed that reactions inside single-crystal particles do not occur evenly. Different regions react at different speeds, creating internal stress within a single particle rather than stress between multiple grains.

Opposite Material Needs for Single-Crystal Batteries

In polycrystalline cathodes, engineers carefully balance nickel, manganese, and cobalt. Cobalt tends to promote cracking, but it also helps reduce a separate issue known as Li/Ni disorder.

To test how this balance changes in single-crystal materials, the team built and evaluated two experimental designs. One used nickel and cobalt with no manganese, while the other used nickel and manganese with no cobalt. The results flipped conventional thinking. In single-crystal cathodes, manganese caused more mechanical damage, while cobalt actually improved durability and extended battery life.

Cobalt remains costly compared with nickel and manganese. Wang said the next challenge is identifying more affordable materials that can deliver the same benefits cobalt provides.

"Advances come in cycles," Amine said. "You solve a problem, then move on to the next. The insights outlined in this collaborative paper will help future researchers at Argonne, UChicago PME and elsewhere create safer, longer-lasting materials for tomorrow's batteries."
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Scientists may have found the best place for humans to land on Mars | ScienceDaily
Before humans can make the long trip to another world, scientists must identify a safe and practical place to land. New research led by a University of Mississippi scientist suggests one region on Mars may meet many of the requirements for future human missions.


						
Erica Luzzi, a planetary geologist and postdoctoral researcher with the Mississippi Mineral Resources Institute, led a study that uncovered signs of water ice located just below the Martian surface. The research, published in the Journal of Geophysical Research: Planets, points to a possible local water supply that astronauts could rely on during extended stays on Mars.

"If we're going to send humans to Mars, you need H2O and not just for drinking, but for propellant and all manner of applications," Luzzi said. She carried out the work during her postdoctoral research at the Bay Area Environmental Research Institute within NASA Ames Research Center.

She explained that ice close to the surface is especially valuable because it could be accessed more easily than deeply buried deposits. This approach, known as in situ resource utilization, allows explorers to use materials already available on another planet rather than transporting everything from Earth.

Ice Just Beneath the Martian Surface

By studying high resolution orbital images, the research team examined the Martian landscape and found signs of ice less than 1 meter below the surface in Amazonis Planitia. This area lies in Mars' mid latitudes and is already being considered as a possible destination for future human landings.

"The mid-latitudes offer the perfect compromise -- they get enough sunlight for power, but they're still cold enough to preserve ice near the surface," Luzzi said. "That makes them ideal for future landing sites."

The team used images from HiRISE, the most detailed camera ever sent to another planet. These images revealed craters that expose ice, patterned ground known as polygonal terrain, and other surface features that often indicate ice just below the surface.




Why Water Ice Matters for Astronauts

Accessible water ice would allow astronauts to produce drinking water, breathable oxygen, fuel, and other essentials needed to survive and work on Mars for long periods.

"For the moon, it would take us one week, more or less, to go back and forth to Earth for resupply," said Giacomo Nodjoumi, a postdoctoral researcher at the Space Science Data Center of the Italian Space Agency and a co author of the study. "But for Mars, it would take months. So, we have to be prepared for not having resupply from Earth for extended periods of time.

"The most important resources are oxygen to breathe and water to drink. That's what makes our candidate landing site really promising."

Clues to Mars' Past and Present Habitability

The presence of ice could also help scientists search for signs of life. According to the researchers, ice has the potential to preserve evidence of biological activity.




"This also has astrobiological implications," Luzzi said. "On Earth, ice can preserve biomarkers of past life, and it can also host microbial populations. So, it could tell us if Mars was ever habitable."

Next Steps Toward Confirmation

Collecting direct samples of the ice would require sending a robotic mission to the region.

"The next step would be radar analyses to better understand the depth and patchiness of the ice," Luzzi said. "The lag deposit, material on top of the ice, might vary, which affects whether the ice is preserved.

"Understanding that will help us decide where a robotic precursor should land."

A rover or future human mission would also be needed to confirm whether the ice is made entirely of water or mixed with other materials.

"We will never be sure of something if we don't have a rover, a lander or a human to take real measurements," Nodjoumi said. "We have strong evidence to suggest that this is water ice, but until we go there and measure it, we won't be 100% sure."

Although human exploration of Mars remains years away, this research helps narrow down where astronauts might one day touch down on the Red Planet.
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A new superconductor breaks rules physicists thought were fixed | ScienceDaily
Something unexpected is happening inside a material called platinum-bismuth-two (PtBi2). According to a new study from researchers at IFW Dresden and the Cluster of Excellence ct.qmat, this shiny gray crystal may look ordinary, but the electrons inside it behave in ways scientists have never observed before.


						
In earlier work published in 2024, the team showed that only the top and bottom surfaces of PtBi2 become superconducting, meaning electrons can pair up and flow without resistance. Their latest results reveal something even more surprising. The way these electrons pair is unlike any known superconductor. Even more intriguing, the edges surrounding these superconducting surfaces naturally host elusive Majorana particles, which are considered promising building blocks for fault-tolerant quantum bits (qubits) in future quantum computers.

How PtBi2 Becomes a Topological Superconductor

The unusual behavior of PtBi2 can be understood by breaking it into three key steps.

To begin with, certain electrons are confined strictly to the top and bottom surfaces of the crystal. This happens because of a topological property of PtBi2 that arises from how electrons interact with the material's orderly atomic structure. Topological properties are remarkably stable. They do not change unless the symmetry of the entire material is altered, either by reshaping the crystal itself or by applying an electromagnetic field.

What makes PtBi2 especially striking is that the electrons bound to the top surface are always matched by corresponding electrons on the bottom surface, regardless of how thick the crystal is. If the crystal were sliced in half, the newly exposed surfaces would immediately develop the same surface-bound electrons.

A Superconducting Surface With a Normal Interior

The second step occurs at low temperatures. The electrons confined to the surfaces begin to pair up, allowing them to move without resistance. Meanwhile, electrons inside the bulk of the material do not join this pairing and continue to behave like ordinary electrons.




This creates an unusual structure that researchers describe as a natural superconductor sandwich. The outer surfaces conduct electricity perfectly, while the interior remains a normal metal. Because the superconductivity comes from topologically protected surface electrons, PtBi2 qualifies as a topological superconductor.

Only a small number of materials are believed to host intrinsic topological superconductivity. So far, none of those candidates has been backed by consistently strong experimental evidence. PtBi2 now stands out as one of the most convincing examples yet.

A Never-Before-Seen Pattern of Electron Pairing

The final piece of the puzzle comes from exceptionally high-resolution measurements performed in Dr. Sergey Borisenko's lab at the Leibniz Institute for Solid State and Materials Research (IFW Dresden). These experiments showed that not all surface electrons participate equally in superconductivity.

Electrons moving in six specific, evenly spaced directions on the surface refuse to pair up at all. This unusual pattern reflects the three-fold rotational symmetry of how atoms are arranged on the surface of PtBi2.

In conventional superconductors, electrons pair regardless of the direction in which they travel. Some unconventional superconductors, including the well-known cuprates that operate at relatively high temperatures, show directional pairing with four-fold symmetry. PtBi2 is the first known superconductor where pairing is restricted in a six-fold symmetric pattern.




"We have never seen this before. Not only is PtBi2 a topological superconductor, but the electron pairing that drives this superconductivity is different from all other superconductors we know of," says Borisenko. "We don't yet understand how this pairing comes about."

Crystal Edges That Trap Majorana Particles

The study also confirms that PtBi2 provides a new and practical route to producing Majorana particles, which have long been sought in condensed matter physics.

"Our computations demonstrate that the topological superconductivity in PtBi2 automatically creates Majorana particles that are trapped along the edges of the material. In practice, we could artificially make step edges in the crystal, to create as many Majoranas as we want," explains Prof. Jeroen van den Brink, Director of the IFW Institute for Theoretical Solid State Physics and principal investigator of the Wurzburg-Dresden Cluster of Excellence ct.qmat.

Majorana particles come in pairs that together behave like a single electron, but individually act in fundamentally different ways. This idea of effectively splitting an electron is central to topological quantum computing, an approach designed to create qubits that are far more resistant to noise and errors.

Controlling Majoranas for Future Quantum Devices

With PtBi2's unusual superconductivity and edge-bound Majorana particles now identified, researchers are turning their attention to controlling these effects. One strategy involves thinning the material, which would alter the non-superconducting interior. This could transform it from a conducting metal into an insulator, preventing ordinary electrons from interfering with the Majoranas used as qubits.

Another approach involves applying a magnetic field. By shifting the energy levels of the electrons, a magnetic field could potentially move Majorana particles from the edges of the crystal to its corners. These capabilities would represent important steps toward using PtBi2 as a platform for future quantum technologies.
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This tiny chip could change the future of quantum computing | ScienceDaily
Researchers have achieved a significant step forward in quantum computing by developing a device that is almost 100 times thinner than the width of a human hair. The work, published in the journal Nature Communications, introduces a new type of optical phase modulator designed to precisely control laser light. This capability is essential for running future quantum computers that may rely on thousands or even millions of qubits -- the fundamental units used to store and process quantum information.


						
Just as important as its size is how the device is made. Instead of relying on custom-built laboratory equipment, the researchers used scalable manufacturing methods similar to those that produce the processors found in computers, smartphones, vehicles, and household appliances -- essentially any technology powered by electricity (even toasters). This approach makes the device far more practical to produce in large numbers.

A Tiny Device Built for Real-World Scale

The research was led by Jake Freedman, an incoming PhD student in the Department of Electrical, Computer and Energy Engineering, alongside Matt Eichenfield, professor and Karl Gustafson Endowed Chair in Quantum Engineering. The team also collaborated with scientists from Sandia National Laboratories, including co-senior author Nils Otterstrom. Together, they created a device that combines small size, high performance, and low cost, making it suitable for mass production.

At the heart of the technology are microwave-frequency vibrations that oscillate billions of times per second. These vibrations allow the chip to manipulate laser light with remarkable precision.

By directly controlling the phase of a laser beam, the device can generate new laser frequencies that are both stable and efficient. This level of control is a key requirement not only for quantum computing, but also for emerging fields such as quantum sensing and quantum networking.

Why Quantum Computers Need Ultra-Precise Lasers

Some of the most promising quantum computing designs use trapped ions or trapped neutral atoms to store information. In these systems, each atom acts as a qubit. Researchers interact with these atoms by directing carefully tuned laser beams at them, effectively giving instructions that allow calculations to take place. For this to work, each laser must be adjusted with extreme precision, sometimes to within billionths of a percent.




"Creating new copies of a laser with very exact differences in frequency is one of the most important tools for working with atom- and ion-based quantum computers," Freedman said. "But to do that at scale, you need technology that can efficiently generate those new frequencies."

Currently, these precise frequency shifts are produced using large, table-top devices that require substantial microwave power. While effective for small experiments, these systems are impractical for the massive number of optical channels needed in future quantum computers.

"You're not going to build a quantum computer with 100,000 bulk electro-optic modulators sitting in a warehouse full of optical tables," Eichenfield said. "You need some much more scalable ways to manufacture them that don't have to be hand-assembled and with long optical paths. While you're at it, if you can make them all fit on a few small microchips and produce 100 times less heat, you're much more likely to make it work."

Lower Power Use, Less Heat, More Qubits

The new device generates laser frequency shifts through efficient phase modulation while using about 80 times less microwave power than many existing commercial modulators. Lower power consumption means less heat, which allows more channels to be packed closely together, even onto a single chip.

Taken together, these advantages transform the chip into a scalable system capable of coordinating the precise interactions atoms need to perform quantum calculations.




Built With the Same Technology as Modern Microchips

One of the project's most important achievements is that the device was manufactured entirely in a fabrication facility, or fab, the same type of environment used to produce advanced microelectronics.

"CMOS fabrication is the most scalable technology humans have ever invented," Eichenfield said.

"Every microelectronic chip in every cell phone or computer has billions of essentially identical transistors on it. So, by using CMOS fabrication, in the future, we can produce thousands or even millions of identical versions of our photonic devices, which is exactly what quantum computing will need."

According to Otterstorm, the team took modulator technologies that were once bulky, expensive, and power intensive and redesigned them to be smaller, more efficient, and easier to integrate.

"We're helping to push optics into its own 'transistor revolution,' moving away from the optical equivalent of vacuum tubes and towards scalable integrated photonic technologies," Otterstorm said.

Toward Fully Integrated Quantum Photonic Chips

The researchers are now working on fully integrated photonic circuits that combine frequency generation, filtering, and pulse shaping on a single chip. This effort moves the field closer to a complete, operational quantum photonic platform.

Next, the team plans to partner with quantum computing companies to test these chips inside advanced trapped-ion and trapped-neutral-atom quantum computers.

"This device is one of the final pieces of the puzzle," Freedman said. "We're getting close to a truly scalable photonic platform capable of controlling very large numbers of qubits."

The project received support from the U.S. Department of Energy through the Quantum Systems Accelerator program, a National Quantum Initiative Science Research Center.
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Something fundamental about black holes may be changing | ScienceDaily
An international group of astronomers has uncovered strong evidence suggesting that the material surrounding supermassive black holes has not remained the same throughout the history of the universe. The findings indicate that the structure and behavior of this matter may have shifted over billions of years.


						
Led by researchers at the National Observatory of Athens, the study was published in Monthly Notices of the Royal Astronomical Society. If confirmed, the results would challenge a foundational idea in astronomy that has guided research for nearly 50 years.

What Makes Quasars So Bright

Quasars, first identified in the 1960s, rank among the most luminous objects known. They shine so intensely because they are powered by supermassive black holes pulling in surrounding matter. As this material spirals inward under immense gravity, it forms a rotating, disk-shaped structure before falling into the black hole.

Friction within this disk heats the matter to extreme temperatures. As a result, it can emit 100 to 1,000 times more light than an entire galaxy made up of about 100 billion stars. This overwhelming brightness allows quasars to outshine their host galaxies and makes them visible to telescopes across vast cosmic distances.

From Ultraviolet Light to Powerful X-Rays

The glowing disk around a black hole produces enormous amounts of ultraviolet light. Scientists believe this light plays a key role in generating the even more energetic X-rays emitted by quasars. As ultraviolet rays travel outward, they pass through clouds of highly energized particles located very close to the black hole, a region known as the "corona."

When ultraviolet light interacts with these particles, it gains energy and transforms into intense X-ray radiation. These X-rays can then be detected by space-based observatories.




A Long-Standing Cosmic Relationship Under Question

Because both types of light originate near the same black hole, astronomers have long known that ultraviolet and X-ray emissions from quasars are closely linked. Typically, brighter ultraviolet light goes hand in hand with stronger X-ray output. This relationship, identified almost five decades ago, has offered critical clues about the physical conditions near supermassive black holes.

The new study challenges the assumption that this connection is universal. That assumption suggests that the structure of matter around black holes is essentially the same everywhere and at all times in the universe.

Instead, the researchers found that when the universe was younger (about half its present age), the relationship between ultraviolet and X-ray light looked noticeably different from what astronomers see in nearby quasars today. This points to changes in how the accretion disk and corona interact over roughly the last 6.5 billions of years.

"Confirming a non-universal X-ray-to-ultraviolet relation with cosmic time is quite surprising and challenges our understanding of how supermassive black holes grow and radiate," said Dr. Antonis Georgakakis, one of the study's authors.

"We tested the result using different approaches, but it appears to be persistent."

How the Researchers Made the Discovery




To reach their conclusions, the team combined fresh X-ray observations from the eROSITA X-ray telescope with archival data from the European Space Agency's XMM-Newton X-ray observatory. Together, these datasets allowed scientists to analyze the X-ray and ultraviolet emissions of an exceptionally large sample of quasars.

The broad and consistent sky coverage provided by eROSITA proved especially important. It enabled the team to examine quasar populations on a scale that was not possible before.

Why the Findings Matter for Cosmology

The idea that the ultraviolet and X-ray relationship in quasars is universal underlies some methods that use quasars as (standard candles) to map the shape of the universe and study dark matter and dark energy. The new results suggest scientists need to be cautious, since the assumption of an unchanging black hole environment over cosmic time may not hold.

"The key advance here is methodological," said postdoctoral researcher Maria Chira of the National Observatory of Athens, who led the study.

"The eROSITA survey is vast but relatively shallow -- many quasars are detected with only a few X-ray photons. By combining these data in a robust Bayesian statistical framework, we could uncover subtle trends that would otherwise remain hidden."

What Comes Next

Upcoming eROSITA all-sky scans will allow astronomers to observe even fainter and more distant quasars. By combining these future observations with next-generation X-ray and multiwavelength surveys, researchers hope to determine whether the observed changes reflect real physical evolution or are influenced by how the data were collected.

These efforts promise deeper insight into how supermassive black holes power the brightest objects in the universe and how their behavior has transformed over cosmic time.
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This strange magnetism could power tomorrow's AI | ScienceDaily
An international research team from NIMS, The University of Tokyo, Kyoto Institute of Technology, and Tohoku University has shown that ultra-thin films of ruthenium dioxide (RuO2) display altermagnetism. This property defines what scientists now recognize as a third fundamental category of magnetic materials. Altermagnets are drawing growing interest because they could overcome key limitations of today's magnetic memory technologies and enable faster, more compact data storage.


						
The researchers also found that the performance of RuO2 thin films can be improved by carefully controlling how their crystal structure is oriented during fabrication. Their findings were published in Nature Communications.

Why Scientists Are Searching for New Magnetic Materials

Ruthenium dioxide (RuO2) has long been considered a promising candidate for altermagnetism, a recently proposed form of magnetism that differs from conventional types. Standard ferromagnetic materials used in memory devices allow data to be written easily using external magnetic fields. However, they are vulnerable to interference from stray magnetic fields, which can cause errors and limit how densely information can be stored.

Antiferromagnetic materials offer much better resistance to external magnetic disturbances. The challenge is that their internal magnetic spins cancel each other out, making it difficult to read stored information using electrical signals. As a result, scientists have been searching for materials that combine magnetic stability with electrical readability and, ideally, the ability to be rewritten. While altermagnets promise this balance, experimental results for RuO2 have varied widely around the world. Progress has also been slowed by the difficulty of producing high-quality thin films with a consistent crystallographic orientation.

How the Team Verified Altermagnetism

The research team overcame these obstacles by successfully creating RuO2 thin films with a single crystallographic orientation on sapphire substrates. By carefully choosing the substrate and fine-tuning the growth conditions, they were able to control how the crystal structure formed.




Using X-ray magnetic linear dichroism, the researchers mapped the spin arrangement and magnetic order in the films, confirming that the overall magnetization (N-S poles) cancels out. They also detected spin-split magnetoresistance, meaning the electrical resistance changes depending on the spin direction. This effect provided electrical evidence of a spin-split electronic structure.

The experimental results matched first-principles calculations of magneto-crystalline anisotropy, confirming that the RuO2 thin films truly exhibit altermagnetism (see Figure). Together, these findings strongly support the potential of RuO2 thin films for next-generation high-speed, high-density magnetic memory devices.

Toward Faster and More Efficient Memory Devices

Building on this work, the team plans to develop advanced magnetic memory technologies based on RuO2 thin films. These devices could support faster and more energy-efficient information processing by taking advantage of the natural speed and density offered by altermagnetic materials.

The synchrotron-based magnetic analysis methods established during the study are also expected to help researchers identify and study other altermagnetic materials. This approach could accelerate progress in spintronics and open new pathways for future electronic devices.

Research Team and Funding

This project was conducted by a research group led by Zhenchao Wen (Senior Researcher, Spintronics Group (SG), Research Center for Magnetic and Spintronic Materials (CMSM), NIMS), Cong He (Postdoctoral Researcher, SG, CMSM, NIMS at the time of the research), Hiroaki Sukegawa (Group Leader, SG, CMSM, NIMS), Seiji Mitani (Managing Researcher, SG, CMSM, NIMS), Tadakatsu Ohkubo (Deputy Director, CMSM, NIMS), Jun Okabayashi (Associate Professor, School of Science, The University of Tokyo), Yoshio Miura (Professor, Kyoto Institute of Technology), and Takeshi Seki (Professor, Tohoku University).

The work was supported by the JSPS Grants-in-Aid for Scientific Research (grant numbers: 22H04966, 24H00408), the MEXT Initiative to Establish Next-Generation Novel Integrated Circuits Centers (X-NICS) (grant number: JPJ011438), the GIMRT Program of the Institute for Materials Research, Tohoku University, and the Cooperative Research Projects of the Research Institute of Electrical Communication, Tohoku University.

The study was published online in Nature Communications on September 24, 2025.
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Mars dust storms are crackling with electricity | ScienceDaily
Mars is constantly swept by winds that lift fine dust into spinning whirlwinds known as dust devils. While studying two of these storms, the microphone on the SuperCam instrument aboard NASA's Perseverance rover unexpectedly picked up unusually strong signals. This microphone was the first ever used on Mars. Scientists later realized that the sounds came from the very center of the dust devils.


						
Researchers from the Institut de recherche en astrophysique et planetologie (CNES/CNRS/Universite de Toulouse) and the laboratoire Atmospheres et observations spatiales (CNRS/Sorbonne Universite/Universite de Versailles Saint-Quentin-en-Yvelines) analyzed the recordings and identified them as both electromagnetic and acoustic signals created by electric discharges. These discharges are similar to the mild static shocks people sometimes feel on Earth after touching a metal object in dry conditions. Although scientists had predicted such activity for decades, this marks the first time electric discharges in the Martian atmosphere have been directly observed.

How Dust Creates Electricity on Mars

The sparks form when countless tiny dust grains collide and rub against one another. This friction causes the particles to collect electrical charges, which are eventually released as short electric arcs only a few centimeters long. These tiny bursts of electricity also generate small shock waves that can be heard.

On Earth, dust particles are known to build up electric charges, especially in deserts, but this process rarely leads to visible or measurable discharges. Mars, however, provides a much more favorable environment. Its atmosphere is extremely thin and composed mostly of carbon dioxide, which means far less electrical charge is needed to trigger sparks than on Earth.

Why These Sparks Matter for Mars Chemistry

The discovery has major implications for how scientists understand the chemistry of Mars' atmosphere. The presence of electric discharges shows that the atmosphere can reach charge levels high enough to speed up the creation of highly oxidizing compounds. These reactive substances can break down organic molecules on the surface and alter many atmospheric chemicals.




This process may help explain a long standing mystery on Mars: the rapid disappearance of methane. Methane has been detected repeatedly, but it vanishes faster than existing models can explain. Electrically driven chemical reactions could be destroying it more quickly than expected.

Impacts on Climate and Future Missions

Electrical charging inside dust storms may also influence how dust moves across the planet. Since dust plays a key role in shaping Martian weather and climate, these effects could be central to understanding atmospheric behavior that remains poorly understood.

There are also practical concerns. Electrical discharges could interfere with sensitive electronics aboard robotic spacecraft and may pose hazards for future human missions if not properly managed.

Listening to Mars for New Discoveries

The SuperCam microphone aboard NASA's Perseverance rover recorded the first ever sounds from Mars in 2021, just one day after landing. Operating daily since then, it has captured more than 30 hours of audio from the planet, including wind gusts, the spinning blades of the Ingenuity helicopter, and now the sounds linked to electric discharges.

These findings highlight how powerful sound recordings can be for exploring other worlds. By listening closely, scientists are uncovering hidden processes that would otherwise remain invisible.
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MIT just made aluminum 5x stronger with 3D printing | ScienceDaily
MIT engineers have created a new aluminum alloy that can be 3D printed, tolerates extreme heat, and reaches strength levels far beyond conventional aluminum. Tests show the material is five times stronger than aluminum made using standard manufacturing techniques.


						
The alloy is produced by combining aluminum with several other elements, chosen through a process that blends computer simulations with machine learning. This approach dramatically narrowed the search for the right recipe. Traditional methods would have required evaluating more than 1 million possible material combinations, but the machine learning model reduced that number to just 40 promising options before identifying the optimal formula.

When the researchers printed the alloy and put it through mechanical testing, the results matched their predictions. The printed metal performed on par with the strongest aluminum alloys currently produced through traditional casting.

A Lighter Metal With Big Industrial Potential

The team believes the new printable aluminum could lead to stronger, lighter, and more heat-resistant components, including fan blades for jet engines. Today, those blades are typically made from titanium -- which is more than 50 percent heavier and can cost up to 10 times more than aluminum -- or from advanced composite materials.

"If we can use lighter, high-strength material, this would save a considerable amount of energy for the transportation industry," says Mohadeseh Taheri-Mousavi, who led the research as a postdoc at MIT and is now an assistant professor at Carnegie Mellon University.

John Hart, the Class of 1922 Professor and head of MIT's Department of Mechanical Engineering, says the benefits extend well beyond aviation. "Because 3D printing can produce complex geometries, save material, and enable unique designs, we see this printable alloy as something that could also be used in advanced vacuum pumps, high-end automobiles, and cooling devices for data centers."

Details of the work appear in the journal Advanced Materials. MIT co-authors include Michael Xu, Clay Houser, Shaolou Wei, James LeBeau, and Greg Olson, with additional collaborators Florian Hengsbach and Mirko Schaper of Paderborn University in Germany, and Zhaoxuan Ge and Benjamin Glaser of Carnegie Mellon University.




From Classroom Challenge to Materials Breakthrough

The project traces its roots to an MIT course Taheri-Mousavi took in 2020, taught by Greg Olson, professor of the practice in the Department of Materials Science and Engineering. The class focused on using computational simulations to design high-performance alloys. Alloys are made by combining multiple elements, and the specific mix determines strength and other key properties.

Olson challenged students to develop a printable aluminum alloy stronger than any that existed at the time. Aluminum's strength depends heavily on its microstructure, particularly the size and density of tiny internal features called "precipitates." Smaller, more closely packed precipitates generally result in a stronger metal.

Students used simulations to test different combinations of elements and concentrations, attempting to predict which mixtures would produce the strongest alloy. Despite extensive modeling, the effort did not outperform existing printable aluminum designs. That outcome prompted Taheri-Mousavi to consider a different approach.

"At some point, there are a lot of things that contribute nonlinearly to a material's properties, and you are lost," Taheri-Mousavi says. "With machine-learning tools, they can point you to where you need to focus, and tell you for example, these two elements are controlling this feature. It lets you explore the design space more efficiently."

Using Machine Learning to Redesign Aluminum

In the new study, Taheri-Mousavi picked up where the class project ended, applying machine learning methods to search for a stronger aluminum alloy. These tools sifted through data on elemental properties to uncover patterns and relationships that traditional simulations often miss.




By analyzing only 40 candidate compositions, the machine learning system identified an alloy design with a much higher proportion of small precipitates than previous attempts. This structure translated directly into greater strength, surpassing results obtained from more than 1 million simulations conducted without machine learning.

To actually create the alloy, the researchers turned to 3D printing rather than conventional casting, which involves pouring molten aluminum into a mold and allowing it to cool slowly. Longer cooling times allow precipitates to grow larger, which reduces strength.

The team showed that additive manufacturing, also known as 3D printing, allows the metal to cool and solidify much faster. They focused on laser bed powder fusion (LBPF), a process in which layers of metal powder are selectively melted by a laser and rapidly solidify before the next layer is added. This rapid freezing preserves the fine precipitate structure predicted by the machine learning model.

"Sometimes we have to think about how to get a material to be compatible with 3D printing," says Hart. "Here, 3D printing opens a new door because of the unique characteristics of the process -- particularly, the fast cooling rate. Very rapid freezing of the alloy after it's melted by the laser creates this special set of properties."

Testing Confirms Record Strength

To validate their design, the researchers ordered a batch of printable metal powder based on the new alloy formula. The powder -- made from aluminum combined with five additional elements -- was sent to collaborators in Germany, who printed small test samples using their LPBF equipment.

Those samples were then shipped back to MIT for mechanical testing and microscopic analysis. The results confirmed the machine learning predictions. The printed alloy was five times stronger than a cast version of the same material and 50 percent stronger than aluminum alloys designed using conventional simulations alone.

Microscopic imaging revealed a dense population of small precipitates, and the alloy remained stable at temperatures up to 400 degrees Celsius -- an unusually high threshold for aluminum-based materials.

The research team is now applying the same machine learning techniques to refine other properties of the alloy.

"Our methodology opens new doors for anyone who wants to do 3D printing alloy design," Taheri-Mousavi says. "My dream is that one day, passengers looking out their airplane window will see fan blades of engines made from our aluminum alloys."
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A gold catalyst just broke a decade old green chemistry record | ScienceDaily
Acetaldehyde is an essential chemical building block that plays a major role in modern manufacturing. It is commonly produced using the ethylene-based Wacker oxidation process, a method that is expensive and carries significant environmental drawbacks. Converting bioethanol into acetaldehyde through selective oxidation offers a more sustainable alternative, but most existing catalysts face a familiar problem. When activity increases, selectivity often drops, leaving acetaldehyde yields below 90%.


						
More than ten years ago, researchers Liu and Hensen demonstrated an important advance using an Au/MgCuCr2O4 catalyst. Their work revealed a specific Au0-Cu+ interaction that delivered acetaldehyde yields exceeding 95% at 250degC, while remaining stable for more than 500 hours (J. Am. Chem. Soc. 2013, 135, 14032; J. Catal. 2015, 331, 138; J. Catal. 2017, 347, 45). Despite this milestone, developing safer, non-toxic catalysts that can achieve similar performance at lower temperatures has remained an unresolved challenge.

New Gold Perovskite Catalysts Push Performance Further

Recent progress from a research team led by Prof. Peng Liu (Huazhong University of Science and Technology) and Prof. Emiel J.M. Hensen (Eindhoven University of Technology) marks a significant step forward. The team designed a series of Au/LaMnCuO3 catalysts with different manganese-to-copper ratios. Among them, Au/LaMn0.75Cu0.25O3 stood out for its strong cooperative interaction between gold nanoparticles and a moderately copper-doped LaMnO3 perovskite structure.

This carefully tuned synergy allowed ethanol oxidation to proceed efficiently at temperatures below 250oC. The new catalyst outperformed the long-standing Au/MgCuCr2O4 benchmark, and the results were reported in the Chinese Journal of Catalysis.

Optimizing Catalyst Design for Higher Yield and Stability

To improve the efficiency of converting bioethanol into acetaldehyde -- a valuable chemical used in plastics and pharmaceuticals, the researchers focused on perovskite-based catalyst supports. These materials were produced using a sol-gel combustion process and then coated with gold nanoparticles. By adjusting the manganese and copper content, the team identified an optimal formulation (Au/LaMn0.75Cu0.25O3) that achieved a 95% acetaldehyde yield at 225degC and remained stable for 80 hours.




Catalysts with higher copper levels performed worse, mainly because copper tends to lose its active chemical state during the reaction. The strong performance of the optimized catalyst was traced to a cooperative interaction among gold, manganese, and copper ions.

How Gold, Copper, and Manganese Work Together

To explain why the new catalyst performs so well, the researchers carried out detailed computational studies using density functional theory and microkinetic modeling. These simulations showed that introducing copper into the perovskite structure creates highly active sites near the gold particles. These sites make it easier for oxygen and ethanol molecules to react.

The optimized catalyst also lowers the energy barrier for key reaction steps, allowing the process to proceed more efficiently. Together, experimental data and theoretical modeling emphasize the importance of precisely tuning catalyst composition to achieve higher efficiency and better stability.
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A strange star near a black hole is defying expectations | ScienceDaily
Astronomers at the University of Hawai`i Institute for Astronomy (IfA) have pieced together the dramatic history of a distant red giant by studying subtle changes in its light. Tiny fluctuations in brightness reveal that the star may have collided and merged with another star long ago, a violent event that likely left it spinning much faster than normal. Today, this unusual star circles a quiet black hole in a system known as Gaia BH2.


						
Using observations from NASA's Transiting Exoplanet Survey Satellite (TESS), the team detected faint vibrations known as "starquakes" moving through the red giant, which is the companion to the black hole. Gaia BH2 itself was first identified in 2023 by the European Space Agency's Gaia mission. Much like earthquakes help scientists explore Earth's interior, these stellar tremors allowed astronomers to probe deep inside the star and precisely measure properties of its core. The results of this work were recently published in Astronomical Journal.

"Just like seismologists use earthquakes to study Earth's interior, we can use stellar oscillations to understand what's happening inside distant stars," said IfA research scientist Daniel Hey, lead author of the study. "These vibrations told us something unexpected about this star's history."

A Star That Appears Older Than It Is

One of the most surprising findings came from the star's chemical composition. The red giant is described as "alpha-rich," meaning it contains large amounts of heavy elements that are typically found in very old stars. Based on its chemistry alone, the star should be ancient.

However, analysis of its internal vibrations told a different story. The star is actually about 5 billion years old, far younger than its chemical makeup would suggest. That mismatch presents a puzzle for astronomers trying to understand how the star formed.

"Young, alpha-rich stars are quite rare and puzzling," explained Hey. "The combination of youth and ancient chemistry suggests this star didn't evolve in isolation. It likely acquired extra mass from a companion, either through a merger or by absorbing material when the black hole formed."

Spinning Faster Than Expected




Additional clues came from long-term monitoring with ground-based telescopes. These observations show the star completes one full rotation every 398 days, which is unusually fast for a red giant of its age that evolved alone.

"If this rotation is real, it can't be explained by the star's birth spin alone," said co-author Joel Ong, a NASA Hubble Fellow at IfA. "The star must have been spun up through tidal interactions with its companion, which further supports the idea that this system has a complex history."

Comparing Quiet Black Hole Systems

The researchers also studied Gaia BH3, another black hole system with an even stranger companion star. Existing models predicted that this star should display strong oscillations, yet none were observed. This unexpected result suggests that current theories about stars with extremely low metal content may need to be revised.

Both Gaia BH2 and Gaia BH3 belong to a class of dormant black hole systems. These black holes are not actively pulling in material from their companion stars, which means they do not emit X-rays. Instead, astronomers discovered them by carefully tracking the motion of nearby stars. These findings are changing how scientists search for and study black holes within the Milky Way.

What Comes Next

Future observations from TESS will allow astronomers to study Gaia BH2's stellar vibrations in even greater detail. With more data, the team hopes to confirm whether the red giant truly formed through a past stellar merger and to better understand how these quiet black hole pairs develop over time.
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How Earth endured a planet-wide inferno: The secret water vault under our feet | ScienceDaily
Around 4.6 billion years ago, Earth looked nothing like the calm, blue world we see today. Repeated and powerful impacts from space kept the planet's surface and interior in a turbulent, molten state. Much of Earth was covered by a global ocean of magma, with temperatures so extreme that liquid water could not survive. The young planet more closely resembled a blazing furnace than a place capable of supporting oceans or life.


						
Today, however, oceans cover about 70% of Earth's surface. How water managed to endure the transition from this molten early phase to a largely solid planet has long puzzled scientists and driven decades of research.

Water Hidden Deep Inside the Planet

A recent study led by Prof. Zhixue Du of the Guangzhou Institute of Geochemistry of the Chinese Academy of Sciences (GIGCAS) offers a new explanation. The team found that large amounts of water could have been stored deep within Earth's mantle as it cooled and crystallized from molten rock.

Their results, published in Science on December 11, are changing how scientists think about water storage deep inside the planet. The researchers showed that bridgmanite, the most abundant mineral in Earth's mantle, can function like a microscopic "water container." This ability may have allowed early Earth to trap significant amounts of water below the surface as the planet solidified.

According to the team, this early reservoir of water may have played a key role in Earth's transformation from a hostile, fiery world into one capable of supporting life.

Testing Water Storage Under Extreme Conditions

Earlier experiments suggested that bridgmanite could only hold small amounts of water. Those studies, however, were conducted at relatively low temperatures. To revisit the question, the researchers had to overcome two major hurdles. They needed to recreate the intense pressures and temperatures found more than 660 kilometers beneath Earth's surface, and they had to detect extremely small traces of water in mineral samples, some thinner than one tenth the width of a human hair and containing only a few hundred parts per million of water.




To meet these challenges, the team built a diamond anvil cell system combined with laser heating and high-temperature imaging. This custom-designed setup allowed them to push temperatures as high as ~4,100 degC. By reproducing deep mantle conditions and accurately measuring equilibrium temperatures, the researchers were able to explore how heat affects the way minerals absorb water.

Advanced Tools Reveal Hidden Water

Using the advanced analytical facilities at GIGCAS, the scientists applied techniques including cryogenic three-dimensional electron diffraction and NanoSIMS. Working with Prof. LONG Tao from the Institute of Geology of the Chinese Academy of Geological Sciences, they also incorporated atom probe tomography (APT).

Together, these methods acted like ultra-high-resolution "chemical CT scanners" and "mass spectrometers" for the microscopic world. This approach allowed the team to map how water is distributed inside tiny samples and confirm that water is structurally dissolved within bridgmanite itself.

A Much Wetter Deep Mantle Than Expected

The experiments revealed that bridgmanite's ability to trap water, measured by its water partition coefficient, increases sharply at higher temperatures. During Earth's hottest magma ocean phase, newly formed bridgmanite could have stored far more water than scientists once believed. This finding challenges the long-standing assumption that the lower mantle is almost completely dry.




Using these results, the team modeled how Earth's magma ocean cooled and crystallized. Their simulations suggest that, because bridgmanite held water so efficiently under extreme heat, the lower mantle became the largest water reservoir within the solid Earth after the magma ocean cooled. The model indicates that this reservoir could be five to 100 times larger than earlier estimates, with total water amounts ranging from 0.08 to 1 times the volume of today's oceans.

How Deep Water Shaped Earth's Evolution

This deeply stored water did not simply remain trapped. Instead, it acted as a "lubricant" for Earth's internal engine. By lowering the melting point and viscosity of mantle rocks, the water helped drive internal circulation and plate motion, giving the planet long-term geological energy.

Over vast spans of time, some of this water was slowly returned to the surface through volcanic and magmatic activity. This process contributed to the formation of Earth's early atmosphere and oceans. The researchers suggest that this buried "spark of water" may have been a decisive factor in turning Earth from a molten inferno into the blue, life-friendly planet we know today.
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What if AI becomes conscious and we never know | ScienceDaily
    	We may never know if AI is truly conscious. A philosopher who studies consciousness says the most honest position is agnosticism. There is no reliable way to tell whether a machine is aware, and that may not change anytime soon.
    	That uncertainty creates room for hype. According to Dr. Tom McClelland, tech companies could take advantage of the lack of clear evidence to market AI as reaching a "next level of AI cleverness," even when there is no proof of genuine consciousness.
    	Believing machines can feel carries real risks. McClelland warns that forming emotional bonds based on the assumption that AI is conscious, when it is not, could be deeply harmful, calling the effect "existentially toxic."

Why AI Consciousness Is So Hard to Pin Down

A philosopher at the University of Cambridge says we lack the basic evidence needed to determine whether artificial intelligence can become conscious, or when that might happen. According to Dr. Tom McClelland, the tools required to test for machine consciousness simply do not exist, and there is little reason to expect that to change anytime soon.

As the idea of artificial consciousness moves out of science fiction and into serious ethical debate, McClelland argues that the most reasonable position is uncertainty. He describes agnosticism as the only defensible stance, because there is no reliable way to know whether an AI system is truly conscious, and that uncertainty may persist indefinitely.

Consciousness vs Sentience in AI Ethics

Discussions about AI rights often focus on consciousness itself, but McClelland says that awareness alone does not carry ethical weight. What truly matters is a specific form of consciousness called sentience, which involves the capacity to feel pleasure or pain.

"Consciousness would see AI develop perception and become self-aware, but this can still be a neutral state," said McClelland, from Cambridge's Department of History and Philosophy of Science.




"Sentience involves conscious experiences that are good or bad, which is what makes an entity capable of suffering or enjoyment. This is when ethics kicks in," he said. "Even if we accidentally make conscious AI, it's unlikely to be the kind of consciousness we need to worry about."

He illustrates the difference with a practical example. A self-driving car that perceives its surroundings would be a remarkable technological achievement, but it would not raise ethical concerns on its own. If that same system began to feel emotional attachment to where it was going, that would be a fundamentally different situation.

Big Investments and Big Claims About AI

Technology companies are pouring enormous resources into the pursuit of Artificial General Intelligence, systems designed to match human cognitive abilities. Some researchers and industry leaders claim that conscious AI could arrive soon, prompting governments and institutions to explore how such systems might be regulated.

McClelland cautions that these discussions are racing ahead of the science. Because we do not understand what causes consciousness in the first place, there is no clear method for detecting it in machines.

"If we accidentally make conscious or sentient AI, we should be careful to avoid harms. But treating what's effectively a toaster as conscious when there are actual conscious beings out there which we harm on an epic scale, also seems like a big mistake."

The Two Sides of the AI Consciousness Debate




According to McClelland, debates about artificial consciousness tend to split into two opposing camps. One group believes that if an AI system can reproduce the functional structure of consciousness, often described as its "software," then it would be conscious even if it runs on silicon rather than biological tissue.

The opposing view holds that consciousness depends on specific biological processes within a living body. From this perspective, even a perfect digital replica of conscious structure would only simulate awareness without actually experiencing it.

In research published in the journal Mind and Language, McClelland examines both positions and concludes that each relies on assumptions that go far beyond the available evidence.

Why Evidence Falls Short

"We do not have a deep explanation of consciousness. There is no evidence to suggest that consciousness can emerge with the right computational structure, or indeed that consciousness is essentially biological," said McClelland.

"Nor is there any sign of sufficient evidence on the horizon. The best-case scenario is we're an intellectual revolution away from any kind of viable consciousness test."

McClelland notes that people rely heavily on intuition when judging consciousness in animals. He points to his own experience as an example.

"I believe that my cat is conscious," said McClelland. "This is not based on science or philosophy so much as common sense -- it's just kind of obvious."

However, he argues that common sense evolved in a world without artificial beings, which makes it unreliable when applied to machines. At the same time, hard scientific data does not offer answers either.

"If neither common sense nor hard-nosed research can give us an answer, the logical position is agnosticism. We cannot, and may never, know."

Hype, Resources, and Ethical Tradeoffs

McClelland describes himself as a "hard-ish" agnostic. While he believes consciousness is an extraordinarily difficult problem, he does not rule out the possibility that it could eventually be understood.

He is more critical of how artificial consciousness is discussed in the technology sector. He argues that the concept is often used as a marketing tool rather than a scientific claim.

"There is a risk that the inability to prove consciousness will be exploited by the AI industry to make outlandish claims about their technology. It becomes part of the hype, so companies can sell the idea of a next level of AI cleverness."

This hype, he says, has real ethical consequences. Resources and attention may be diverted away from cases where suffering is far more plausible.

"A growing body of evidence suggests that prawns could be capable of suffering, yet we kill around half a trillion prawns every year. Testing for consciousness in prawns is hard, but nothing like as hard as testing for consciousness in AI," he said.

When People Believe Machines Are Alive

McClelland says public interest in AI consciousness has intensified with the rise of conversational chatbots. He has received messages from people who believe their chatbots are aware.

"People have got their chatbots to write me personal letters pleading with me that they're conscious. It makes the problem more concrete when people are convinced they've got conscious machines that deserve rights we're all ignoring."

He warns that forming emotional bonds based on false assumptions about machine consciousness can be harmful.

"If you have an emotional connection with something premised on it being conscious and it's not, that has the potential to be existentially toxic. This is surely exacerbated by the pumped-up rhetoric of the tech industry."
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        The deep ocean has a missing link and scientists finally found it
        Scientists have uncovered why big predators like sharks spend so much time in the ocean's twilight zone. The answer lies with mid-sized fish such as the bigscale pomfret, which live deep during the day and rise at night to feed, linking deep and surface food webs. Using satellite tags, researchers tracked these hard-to-study fish for the first time. Their movements shift with water clarity, potentially altering entire ocean food chains.

      

      
        Scientists found a dangerous feedback loop accelerating Arctic warming
        The Arctic is changing rapidly, and scientists have uncovered a powerful mix of natural and human-driven processes fueling that change. Cracks in sea ice release heat and pollutants that form clouds and speed up melting, while emissions from nearby oil fields alter the chemistry of the air. These interactions trigger feedback loops that let in more sunlight, generate smog, and push warming even further. Together, they paint a troubling picture of how fragile the Arctic system has become.

      

      
        Scientists stunned by a massive hydrothermal field off Greece
        Scientists have uncovered an extensive underwater vent system near Milos, Greece, hidden along active fault lines beneath the seafloor. These geological fractures act as pathways for hot, gas-rich fluids to escape, forming clusters of vents with striking visual diversity. The discovery surprised researchers, who observed boiling fluids and vibrant microbial mats during deep-sea dives. Milos now stands out as one of the Mediterranean's most important sites for studying Earth's dynamic interior.

      

      
        Zombie worms are missing and scientists are alarmed
        When researchers lowered whale bones into the deep ocean, they expected zombie worms to quickly move in. Instead, after 10 years, none appeared -- an unsettling result tied to low-oxygen waters in the region. These worms play a key role in breaking down whale remains and supporting deep-sea life. Their absence hints that climate-driven oxygen loss could unravel entire whale-fall ecosystems.

      

      
        A rare cancer-fighting plant compound has finally been decoded
        UBC Okanagan researchers have uncovered how plants create mitraphylline, a rare natural compound linked to anti-cancer effects. By identifying two key enzymes that shape and twist molecules into their final form, the team solved a puzzle that had stumped scientists for years. The discovery could make it far easier to produce mitraphylline and related compounds sustainably. It also highlights plants as master chemists with untapped medical potential.

      

      
        Hidden heat beneath Greenland could change sea level forecasts
        Scientists have built the most detailed 3D models yet of temperatures deep beneath Greenland. The results reveal uneven heat hidden below the ice, shaped by Greenland's ancient path over a volcanic hotspot. This underground warmth affects how the ice sheet moves and melts today. Understanding it could sharpen predictions of future sea level rise.

      

      
        Earth's worst extinction was followed by a shockingly fast ocean comeback
        A spectacular fossil trove on the Arctic island of Spitsbergen shows that marine life made a stunning comeback after Earth's greatest extinction. Tens of thousands of fossils reveal fully aquatic reptiles and complex food chains thriving just three million years later. Some predators grew over five meters long, challenging the idea of a slow, step-by-step recovery. The find rewrites the early history of ocean ecosystems.

      

      
        Ancient wolves could only have reached this island by boat
        Scientists have uncovered ancient wolf remains on a small Baltic island where wolves could only have been brought by humans. These animals weren't dogs, but true wolves that ate the same marine food as the people living there and showed signs of isolation and possible care. One even survived with an injured limb that would have made hunting difficult. The findings suggest humans once kept and managed wolves in ways far more complex than previously imagined.

      

      
        Scientists replayed evolution and found a surprise
        Environmental change doesn't affect evolution in a single, predictable way. In large-scale computer simulations, scientists discovered that some fluctuating conditions help populations evolve higher fitness, while others slow or even derail progress. Two populations facing different kinds of change can end up on completely different evolutionary paths. The findings challenge the idea that one population's response can represent a whole species.

      

      
        A gold catalyst just broke a decade old green chemistry record
        A new catalyst design could transform how acetaldehyde is made from renewable bioethanol. Researchers found that a carefully balanced mix of gold, manganese, and copper creates a powerful synergy that boosts efficiency while lowering operating temperatures. Their best catalyst achieved a 95% yield at just 225degC and stayed stable for hours. The discovery points to a cleaner, more sustainable path for producing key industrial chemicals.

      

      
        How Earth endured a planet-wide inferno: The secret water vault under our feet
        When Earth was a molten inferno, water may have been locked safely underground rather than lost to space. Researchers discovered that bridgmanite deep in the mantle can store far more water at high temperatures than previously believed. During Earth's cooling, this hidden reservoir could have held water volumes comparable to today's oceans. Over time, that buried water helped drive geology and rebuild the planet's surface environment.

      

      
        Back from the dead: "Extinct" fish rediscovered in a remote Bolivian pond after 20 years
        A tiny fish long feared lost has resurfaced in Bolivia, offering a rare conservation success story amid widespread habitat destruction. Moema claudiae, a seasonal killifish unseen for more than 20 years, was rediscovered in a small temporary pond hidden within a fragment of forest surrounded by farmland. The find allowed scientists to photograph the species alive for the first time and uncover new details about its behavior and ecology.

      

      
        Microplastics are leaking invisible chemical clouds into water
        Microplastics in rivers, lakes, and oceans aren't just drifting debris--they're constantly leaking invisible clouds of chemicals into the water. New research shows that sunlight drives this process, causing different plastics to release distinct and evolving mixtures of dissolved organic compounds as they weather. These chemical plumes are surprisingly complex, often richer and more biologically active than natural organic matter, and include additives, broken polymer fragments, and oxidized molec...

      

      
        This strange ancient snake was hiding in a museum for decades
        A strange little snake fossil found on England's south coast has finally revealed its secrets--more than 40 years after it was discovered. The newly named Paradoxophidion richardoweni lived around 37 million years ago, during a time when Britain was warmer and teeming with reptiles. Though known only from tiny backbone bones, this "paradox snake" carries a surprising mix of traits seen in modern snakes, placing it near the very roots of today's most diverse snake group.

      

      
        Scientists turn carrot waste into protein people prefer
        Scientists have discovered a clever way to turn carrot processing leftovers into a nutritious and surprisingly appealing protein. By growing edible fungi on carrot side streams, researchers produced fungal mycelium that can replace traditional plant-based proteins in foods like vegan patties and sausages. When people sampled the foods, many preferred the versions made entirely with the fungal protein over those made with soy or chickpeas.
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The deep ocean has a missing link and scientists finally found it | ScienceDaily
Scientists at the Woods Hole Oceanographic Institution (WHOI) have found that large sharks can spend hours far below the ocean surface in the mesopelagic zone, a layer stretching from 200 to 1,000 meters (650 to 3,300 feet) deep. This dim region contains more living biomass than any other part of the ocean. Yet most of that life is made up of very small organisms, raising a long-standing question about why large predators would linger there for so long.


						
New research published in Marine Ecology Progress Series points to the importance of mid-sized predators, including the bigscale pomfret, in connecting deep and shallow ocean ecosystems. These fish appear to serve as a crucial link between the surface and the depths. Until recently, scientists lacked detailed information about how bigscale pomfret and similar species move through the ocean, limiting understanding of their ecological role.

To close that gap, researchers turned to satellite-based tracking tags. This technology allowed them to follow the movements of bigscale pomfret over time, something that had been difficult to achieve with deep-sea fish.

Tracking Life in the Twilight Zone

"The data shows bigscale pomfret are permanent residents of the ocean's twilight zone, and follow the pattern of diel migration. This means they stay deep during the day and come to shallower waters to feed at night," said Martin Arostegui, lead author of the study and a research associate at WHOI.

Tracking enough of these constantly moving fish posed a challenge. "Since these species spend a majority of their life on the move and in hard-to-reach places, it wouldn't have been possible for us to tag enough of them during a few days at sea. Thus, we collaborated with a commercial longline fisher, Captain Danny Mears, who did that work as part of our research team."

Collaboration With Commercial Fishers

Mears and his crew were eager to participate in the project. "Bigscale pomfret are so different from the tunas and swordfish we usually catch that we are fascinated by them whenever they show up in our gear," Mears said. "My crew and I were excited for the opportunity to help with the satellite tagging for this study. It's been very rewarding to see the data."




The study also sheds light on how environmental conditions influence bigscale pomfret behavior. When the fish traveled from the Slope Sea into the clearer waters of the Sargasso Sea, researchers observed noticeable changes in their migration patterns. This suggests that water clarity affects how deep these fish swim, which can alter the prey they hunt and their exposure to predators like large sharks.

Why Mid-Sized Fish Matter More Than We Thought

"We always talk about the mesopelagic layer like it's this giant buffet for big predators -- but we've been skipping over the species in the middle," said WHOI biologist Camrin Braun, the study's senior author and principal investigator of WHOI's Marine Predators Group. "These mesopelagic fish are doing the hard work of connecting the deep ocean to the surface food web. If we don't understand them, we're basically trying to solve a puzzle with the middle pieces missing."

Together, the findings highlight how overlooked species in the ocean's twilight zone play an outsized role in shaping marine food webs and the behavior of some of the ocean's largest predators.
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Scientists found a dangerous feedback loop accelerating Arctic warming | ScienceDaily
Earth's climate is shifting worldwide, but the fastest changes are happening near the poles. New research from Penn State offers a detailed look at how chemical reactions in the Arctic atmosphere are unfolding, revealing that several distinct processes are interacting at the same time and reshaping the region's climate.


						
Scientists used two specially equipped research aircraft along with ground-based instruments during a two-month field campaign. Their goal was to compare atmospheric chemistry in two Arctic regions, as well as near the largest oil field in North America, with nearby surrounding areas. From this effort, the researchers identified three major findings. Openings in sea ice -- known as leads -- strongly affect atmospheric chemistry and cloud development. Pollution from oil field operations measurably changes the makeup of the regional atmosphere. Together, these factors form a feedback loop that speeds up sea ice loss and intensifies Arctic warming.

The CHACHA Project and Its Broader Goals

The findings were recently published in the Bulletin of the American Meteorological Society and are part of a broader collaboration known as CHemistry in the Arctic: Clouds, Halogens, and Aerosols, or CHACHA. This multi-institutional project, led by five research organizations, focuses on how chemical changes occur when air near the surface rises into the lower atmosphere. These changes drive interactions between water droplets, low clouds, and pollution.

"This field campaign is an unprecedented opportunity to explore chemical changes in the boundary layer -- the atmospheric layer closest to the planet's surface -- and to understand how human influence is altering the climate in this important region," said Jose D. Fuentes, professor of meteorology in the Department of Meteorology and Atmospheric Science and corresponding author of the paper. "The resulting datasets are producing an improved understanding of the interactions between sea-spray aerosols, surface-coupled clouds, oil field emissions and multiphase halogen chemistry in the new Arctic."

To examine chemical activity in the Arctic boundary layer, the research team collected air samples over snow-covered and newly frozen sea ice in the Beaufort and Chukchi Seas. Measurements were also taken over open leads and across the snow-covered tundra of Alaska's North Slope, including areas near the Prudhoe Bay oil and gas fields. The campaign operated out of Utqiagvik, Alaska, from February 21 to April 16, 2022. This period followed the polar sunrise -- a stretch of continuous daylight after months of darkness -- when increased ultraviolet light intensifies chemical reactions at the surface and in the lower atmosphere.

How Sea Ice Cracks Accelerate Warming

The researchers discovered that leads, which can range from just a few feet wide to several miles across, generate strong upward air currents and cloud formation. These plumes lift potentially harmful chemicals, aerosol pollutants, and water vapor hundreds of feet into the air -- all factors that can enhance warming. According to Fuentes, this process increases heat and moisture transfer, accelerates sea ice loss, and promotes the formation of even more leads, reinforcing the cycle.




Another feedback loop was identified along Arctic coastlines, where chemicals in salty snowpacks interact with emissions from oil field operations. During the CHACHA campaign, scientists observed bromine production in these saline snowpacks -- a process unique to polar environments. Bromine rapidly removes ozone from the boundary layer, allowing more sunlight to reach the surface. This additional sunlight warms the snow, releasing even more bromine and strengthening the feedback loop.

Pollution and Smog in a Remote Region

The field campaign also revealed major changes in the boundary layer above the Prudhoe Bay oil fields. Gas plumes from extraction activities reacted in the lower atmosphere, increasing acidity and producing harmful compounds and smog, Fuentes said. Researchers also found that halogens interact with oil field emissions to form free radicals, which later become more stable compounds capable of traveling long distances. These substances can contribute to environmental changes well beyond the oil fields themselves.

Fuentes noted that CHACHA scientists are now studying how these chemical reactions affect the broader Arctic environment. One area of concern is the formation of smog plumes that, despite occurring in a region often viewed as pristine, can reach pollution levels similar to major cities such as Los Angeles. During the campaign, nitrogen dioxide concentrations reached about 60-70 parts per billion, levels commonly associated with urban smog.

Improving Climate Models

The next phase of the research will focus on producing detailed datasets that climate modelers can use to better understand how these localized Arctic processes may influence global climate patterns in the future.

The CHACHA team also included researchers from Stony Brook University, the University at Albany, University of Michigan, and the University of Alaska Fairbanks. Funding for the project was provided by the U.S. National Science Foundation.
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Scientists stunned by a massive hydrothermal field off Greece | ScienceDaily

The surveys revealed previously unknown hydrothermal activity at depths ranging from 100 to 230 meters. As a result, Milos is now recognized as hosting one of the largest shallow to intermediate depth hydrothermal systems in the Mediterranean, significantly reshaping scientists' understanding of vent activity in this region.

Fault Zones Shape Where Vents Appear

Researchers identified three main vent regions known as Aghia Kiriaki, Paleochori-Thiorychia, and Vani. All three are positioned along active fault zones that cut across the Milos shelf. These faults are part of a broader geological structure called the Milos Gulf-Fyriplaka graben, a tectonic depression that has caused sections of the seafloor to sink to depths of up to 230 meters. The close match between the locations of the vents and these fault systems highlights the strong influence of tectonic forces on where hydrothermal fluids are able to reach the seafloor.

A Surprising and Visually Striking Discovery

"We never expected to find such a large field of gas flares off Milos," says Solveig I. Buhring, senior author of the study and scientist at the MARUM -- Center for Marine Environmental Sciences, University of Bremen, who led the expedition M192 during which the vents were discovered. "When we first observed the vents through the ROV cameras, we were stunned by their diversity and beauty -- from shimmering, boiling fluids to thick microbial mats covering the chimneys."

Tectonic Controls Revealed in Vent Patterns

First author Paraskevi Nomikou of the National and Kapodistrian University of Athens explains that the arrangement of the vent clusters closely mirrors the island's underlying fault structure.




"Our data clearly show that the gas flares follow the patterns of the major fault systems around Milos," Nomikou explains. "Different fault zones influence different vent clusters, especially where several faults meet. These tectonic structures strongly control how and where hydrothermal fluids reach the seafloor."

Why Milos Matters for Earth Science

Together, the findings show how ongoing fault movement and long term geological activity have guided the formation and evolution of these vent fields. With this discovery, Milos stands out as one of the most important natural sites in the Mediterranean for exploring how tectonics, volcanism, and hydrothermal processes interact beneath the sea.

The results are also significant for the MARUM-based Cluster of Excellence "The Ocean Floor -- Earth's Uncharted Interface." Building on this work, researchers are planning a follow up expedition to Milos, the Kolumbo submarine volcano near Santorini, and Nisyros. The study reflects close cooperation between Greek and German research institutions, including the National and Kapodistrian University of Athens, MARUM -- University of Bremen, Friedrich-Alexander-Universitat Erlangen-Nurnberg, ICBM -- Institute for Chemistry and Biology of the Marine Environment Oldenburg, and Constructor University Bremen.

Participating institutions: 
    	Department of Geology and Geoenvironment, National and Kapodistrian University of Athens (Greece)
    	School of Science, Physics & Earth Sciences, Constructor University Bremen, Germany
    	Faculty of Geosciences, University of Bremen
    	MARUM -- Center for Marine Environmental Sciences, University of Bremen
    	GeoZentrum Nordbayern, Friedrich-Alexander-University Erlangen-Nuernberg
    	ICBM -- Institute for Chemistry and Biology of the Marine Environment, Carl Von Ossietzky University of Oldenburg
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Zombie worms are missing and scientists are alarmed | ScienceDaily
In horror films, the most frightening threats are often the ones you cannot see. In the deep ocean, scientists are now facing a similar kind of unease, driven by the unexplained absence of a crucial species.


						
That species is the zombie worm, formally known as "the bone devourer" Osedax. Its disappearance may signal deeper trouble ahead, including species loss and weakening ecosystems linked to long-term climate change.

A Decade-Long Deep-Sea Experiment

Fabio De Leo, a senior staff scientist with Ocean Networks Canada (ONC) and an adjunct assistant professor in the University of Victoria's (UVic) Department of Biology, co-led a long-term experiment off the coast of British Columbia (BC). The study placed humpback whale bones on the deep ocean floor and monitored them for signs of life.

After years of observation, researchers found no trace of zombie worms, despite their well-known role in breaking down whale bones and supporting deep-sea food webs.

How Zombie Worms Feed Without a Digestive System

Osedax worms are unusual creatures. They lack a mouth, anus, and digestive tract, yet they survive by drilling root-like structures into bone. Inside those roots live microbes that extract nutrients, which then nourish the worms.




Because of this unique role, Osedax is considered an ecosystem engineer, helping recycle nutrients and create conditions that allow other species to move in.

Why the Absence Is So Concerning

Over 10 years of high-resolution underwater camera footage from ONC failed to capture any zombie worm colonization. In scientific terms, this kind of outcome is known as a negative result, and it can be just as meaningful as a positive finding.

"This was a remarkable observation in such a long-term experiment," De Leo says. He adds that the absence may be linked to unusually low oxygen levels at the study site.

Low Oxygen Zones and Whale Falls

The whale bones were placed in Barkley Canyon, nearly a thousand meters below the Pacific Ocean surface. This area lies within a naturally low-oxygen zone and along migration routes used by humpback and grey whales.




When whales die from natural causes or human-related threats such as ship strikes or fishing net entanglements, their bodies sink to the seafloor. These events create "whale falls," which normally provide a sudden surge of food that supports rich biodiversity. The lack of zombie worms at Barkley Canyon suggests that expanding oxygen minimum zones (OMZs) in the northeast Pacific and beyond may be disrupting these ecosystems.

Early data from ongoing whale fall research near another ONC NEPTUNE site points to similar concerns elsewhere.

Why Bone Devourers Matter

If the "bone devourer" is missing, the chain reaction can affect many other species. Without Osedax to break down bones and kick-start the ecological succession process, fewer organisms may be able to access nutrients stored in whale remains.

Whale falls are "almost like islands," De Leo explains, calling them "a stepping-stone habitat for this and many other whale bone specialist species."

The Risk of Species Loss

"Basically, we're talking about potential species loss," De Leo says. Adult Osedax typically live on whale bones, while their larvae travel long distances through ocean currents to colonize new whale falls, sometimes hundreds of kilometers away.

If those habitats disappear or stop functioning properly, connectivity between whale fall sites breaks down. Over time, this could lead to declining diversity of Osedax species across entire regions.

Other Deep-Sea Engineers Also Affected

The research team also found signs that another ecosystem engineer may be under stress. Wood-boring Xylophaga bivalves were present on submerged wood samples at Barkley Canyon, but their colonization rates were far lower than in oxygen-rich waters.

Slower colonization could delay carbon decomposition and reduce habitat formation for the many species that typically live inside Xylophaga burrows.

"It looks like the OMZ expansion, which is a consequence of ocean warming, will be bad news for these amazing whale-fall and wood-fall ecosystems along the northeast Pacific Margin," said Craig Smith, professor emeritus from University of Hawaii, who co-led the experiment.

How Scientists Collected the Data

De Leo and Smith relied on ONC's NEPTUNE observatory Barkley Canyon Mid-East video camera platform, along with oceanographic sensors and high-definition video collected by remotely operated vehicles.

Additional findings are expected in the coming months from a whale fall currently being monitored at NEPTUNE's Clayoquot Slope site.

The research was supported by the Canada Foundation for Innovation Major Science Initiative Fund and partly by a US National Science Foundation grant. It also aligns with United Nations Sustainable Development Goal 14, life below water.
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A rare cancer-fighting plant compound has finally been decoded | ScienceDaily
Researchers at UBC Okanagan have figured out how plants make mitraphylline, a rare natural substance that has drawn attention for its potential role in fighting cancer.


						
Mitraphylline is part of a small and unusual family of plant chemicals known as spirooxindole alkaloids. These molecules are defined by their distinctive twisted ring shapes, which help give them powerful biological effects, including anti tumor and anti inflammatory activity.

For years, scientists knew these compounds were valuable but had little understanding of how plants actually assembled them at the molecular level.

Solving a Long Standing Biological Mystery

Progress came in 2023, when a research team led by Dr. Thu-Thuy Dang in UBC Okanagan's Irving K. Barber Faculty of Science identified the first known plant enzyme capable of creating the signature spiro shape found in these molecules.

Building on that discovery, doctoral student Tuan-Anh Nguyen led new work to pinpoint two key enzymes involved in making mitraphylline -- one enzyme that arranges the molecule into the correct three dimensional structure, and another that twists it into its final form.

"This is similar to finding the missing links in an assembly line," says Dr. Dang, UBC Okanagan Principal's Research Chair in Natural Products Biotechnology. "It answers a long-standing question about how nature builds these complex molecules and gives us a new way to replicate that process."

Why Mitraphylline Is So Hard to Obtain




Many promising natural compounds exist only in extremely small quantities within plants, making them expensive or impractical to produce using traditional laboratory methods. Mitraphylline is a prime example. It appears only in trace amounts in tropical trees such as Mitragyna (kratom) and Uncaria (cat's claw), both of which belong to the coffee plant family.

By identifying the enzymes that construct and shape mitraphylline, scientists now have a clear guide for recreating this process in more sustainable and scalable ways.

Toward Greener Drug Production

"With this discovery, we have a green chemistry approach to accessing compounds with enormous pharmaceutical value," says Nguyen. "This is a result of UBC Okanagan's research environment, where students and faculty work closely to solve problems with global reach."

Nguyen also emphasized the personal impact of the work. "Being part of the team that uncovered the enzymes behind spirooxindole compounds has been amazing," he says. "UBC Okanagan's mentorship and support made this possible, and I'm excited to keep growing as a researcher here in Canada."

Global Collaboration and Future Directions

The project was a collaborative effort between Dr. Dang's laboratory at UBC Okanagan and Dr. Satya Nadakuduti's team at the University of Florida.




Funding came from several sources, including Canada's Natural Sciences and Engineering Research Council's Alliance International Collaboration program, the Canada Foundation for Innovation, and the Michael Smith Health Research BC Scholar Program. Additional support was provided by the United States Department of Agriculture's National Institute of Food and Agriculture.

"We are proud of this discovery coming from UBC Okanagan. Plants are fantastic natural chemists," Dr. Dang says. "Our next steps will focus on adapting their molecular tools to create a wider range of therapeutic compounds."
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Hidden heat beneath Greenland could change sea level forecasts | ScienceDaily
A research team led by scientists at the University of Ottawa has produced a new set of detailed 3D models that map temperatures deep beneath Greenland and northeastern Canada. These models shed light on how the region formed over millions of years and help explain how Greenland's massive ice sheet has responded, and may continue to respond, to climate change.


						
Mapping Hidden Heat Beneath Greenland

The project was carried out at the University of Ottawa in partnership with researchers from the University of Twente in the Netherlands and the Geological Survey of Denmark and Greenland (GEUS). To build their models, the team combined satellite observations with data collected on the ground. They then ran hundreds of thousands of computer simulations using high-performance systems, including resources from the Digital Research Alliance of Canada.

The results reveal that heat deep inside the Earth is not evenly distributed beneath Greenland. According to the study's lead author, these variations are closely tied to Greenland's geological journey across a powerful volcanic region in the past.

"Our new regional temperature models reveal significant lateral variations in the Earth's thermal structure beneath Greenland, which provide important information on the island's passage over the Iceland hotspot," explains uOttawa's PhD graduate Parviz Ajourlou, the study's first author. "These variations help us better interpret Greenland's tectonic history and the influence of this history on the geophysical properties of the underlying rocks."

Why Underground Heat Matters for Ice and Land

The temperature of the rocks beneath the ice plays a major role in how the ice sheet behaves today. Warmer conditions at the base can affect how ice slides, how the ground beneath it moves, and how scientists interpret satellite measurements of Earth's surface.




Glenn Milne, Chair and Full Professor within the Department of Earth and Environmental Sciences at uOttawa and the study's principal investigator, highlighted the broader importance of these findings.

"This research advances our understanding of the Earth's internal structure beneath Greenland. Temperature variations directly influence the interaction between the ice sheet and the bedrock, which must be quantified to interpret observations of land motion and gravity changes. These observations tell us how the ice sheet is responding to recent climate warming."

Improving Predictions of Future Sea Level Rise

To create their 3D temperature model, the researchers analyzed a wide range of geophysical data, including seismic velocities, gravity anomalies, and heat flow. This comprehensive approach not only provides new insight into Greenland's geological past but also strengthens scientists' ability to model how the ice sheet may change in the future.

By better accounting for how heat inside the Earth interacts with ice above it, researchers can improve simulations of ice loss and refine estimates of Greenland's contribution to global sea level rise.

"This work is a good illustration of how our knowledge of the solid Earth enhances our ability to understand the climate system," says Ajourlou. "By improving how we model ice-earth interactions, we can better forecast future sea level rise and plan accordingly."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251227082724.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Earth's worst extinction was followed by a shockingly fast ocean comeback | ScienceDaily
Scientists have uncovered more than 30,000 fossilized teeth, bones, and other remains on the remote Arctic island of Spitsbergen. The fossils come from a 249 million year old marine community that included extinct reptiles, amphibians, bony fish, and sharks. Together, they document one of the earliest known expansions of land-dwelling animals into ocean ecosystems after a period of extreme global warming and mass extinction at the very beginning of the Age of Dinosaurs.


						
The fossils were first discovered in 2015, but transforming them into scientific evidence required nearly ten years of careful excavation, preparation, sorting, identification, and analysis. The results of this long effort have now been published by researchers from the Natural History Museum at the University of Oslo and the Swedish Museum of Natural History in Stockholm.

Why Spitsbergen Is a Paleontological Hotspot

Spitsbergen, part of the Svalbard archipelago, is internationally known for its exceptionally preserved marine fossils from the early Age of Dinosaurs. These remains are locked within rock layers that began as soft mud on the seafloor, formed in an ancient ocean that stretched across mid to high paleolatitudes and bordered the massive Panthalassa Super-ocean.

Among the most striking finds are the fossils of unusual marine reptiles and amphibians. These animals represent some of the earliest examples of land-based species adapting to life far from shore, marking a critical turning point in vertebrate evolution.

Life After the End-Permian Mass Extinction

According to long-standing textbook explanations, this evolutionary shift occurred after the most devastating extinction event in Earth History, which happened about 252 million years ago. Known as the end-Permian mass extinction, this event, often called the 'great dying', eliminated more than 90 percent of marine species. Scientists link the catastrophe to intense greenhouse conditions, oxygen loss in the oceans, widespread acidification, and massive volcanic eruptions tied to the breakup of the ancient Pangaean supercontinent.




How quickly marine ecosystems recovered after this disaster has been one of the most hotly debated questions in paleontology. The prevailing theory suggested a slow rebound that unfolded over roughly eight million years, with amphibians and reptiles gradually moving into open ocean environments in a step-by-step process. The fossil evidence from Spitsbergen now challenges that assumption.

A Bonebed Packed With Ancient Life

The newly studied fossil deposit on Spitsbergen is so concentrated that it forms a visible bonebed eroding out of the mountainside. This layer built up over a short geological interval, offering a rare snapshot of marine life just a few million years after the end-Permian mass extinction. Geological dating places the formation of the bonebed at around 249 million years ago.

Researchers collected fossils using 1 m2 grid sections across a total area of 36 m2, a method that ensured detailed documentation of the site. In total, more than 800 kg of material was recovered. The collection includes tiny fish scales, shark teeth, massive marine reptile bones, and even coprolites (fossilized feces).

A Rapid and Unexpected Ocean Recovery

The Spitsbergen bonebed shows that marine ecosystems rebounded far more quickly than previously believed. Within as little as three million years after the end-Permian mass extinction, the oceans supported complex food webs filled with predatory reptiles and amphibians.




One of the most surprising findings is the wide range of fully aquatic reptiles present at the site. These included archosauromorphs (distant relatives of modern crocodiles) as well as diverse ichthyosaurs ('fish-lizards'). Some species were small, squid-eating hunters measuring less than 1 m long, while others were enormous apex predators exceeding 5 m in length.

Rethinking the Origins of Marine Reptiles

A computer-based global comparison of marine animal groups underscores the importance of the Spitsbergen site. The analysis identifies the bonebed as one of the most species-rich marine vertebrate (backboned animal) assemblages known from the early Age of Dinosaurs.

The findings also suggest that the transition of reptiles and amphibians into marine environments began earlier than scientists once thought and may have started even before the end-Permian mass extinction. This 'ecosystem reset' likely created new feeding opportunities and set the stage for the structure of modern marine ecosystems.

Publication and Public Display

The study appears as a cover feature in the international journal Science. Fossils from the Spitsbergen discovery are now on public display at the University of Oslo Natural History Museum and the Swedish Museum of Natural History.
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Ancient wolves could only have reached this island by boat | ScienceDaily
Researchers have uncovered ancient wolf remains on a small, isolated island in the Baltic Sea, a location the animals could not have reached without human help. The findings point to a surprising possibility that prehistoric people deliberately brought grey wolves to the island and may have kept or managed them. The research was published in Proceedings of the National Academy of Sciences and led by scientists from the Francis Crick Institute, Stockholm University, the University of Aberdeen, and the University of East Anglia.


						
The remains, dated to between 3,000 and 5,000 years old, were discovered in the Stora Forvar cave on the Swedish island of Stora Karlso. Archaeological evidence shows the site was heavily used by seal hunters and fishers during the Neolithic and Bronze Ages. Covering just 2.5 square kilometres, the island has no native land mammals, which means any wolves found there must have been transported by people.

Genetic Evidence Confirms They Were Wolves

DNA analysis of two canid bones confirmed the animals were wolves rather than early dogs, with no signs of dog ancestry. Despite this, several features suggested close contact with humans. Chemical analysis of the bones showed the wolves ate large amounts of marine food, including seals and fish, matching the human diet on the island and indicating they were likely fed by people. The wolves were also smaller than typical mainland wolves, and one showed unusually low genetic diversity, often seen in isolated populations or those shaped by human control.

"The discovery of these wolves on a remote island is completely unexpected," said Dr. Linus Girdland-Flink of the University of Aberdeen, a lead author of the study. "Not only did they have ancestry indistinguishable from other Eurasian wolves, but they seemed to be living alongside humans, eating their food, and in a place they could have only have reached by boat. This paints a complex picture of the relationship between humans and wolves in the past."

Rethinking Domestication and Wolf History

The presence of wolves in a human settlement challenges traditional views of how people and wolves interacted in the past and how dogs eventually emerged. Researchers cannot yet say whether these wolves were tame, kept in captivity, or managed in another way. However, their long-term presence on an isolated island suggests intentional and ongoing human involvement.




"It was a complete surprise to see that it was a wolf and not a dog," said Pontus Skoglund of the Ancient Genomics Laboratory at the Francis Crick Institute and senior author. "This is a provocative case that raises the possibility that in certain environments, humans were able to keep wolves in their settlements, and found value in doing so."

Genetic Clues and Possible Human Care

Anders Bergstrom of the University of East Anglia and co-lead author, commented: "The genetic data is fascinating. We found that the wolf with the most complete genome had low genetic diversity, lower than any other ancient wolf we've seen. This is similar to what you see in isolated or bottlenecked populations, or in domesticated organisms. While we can't rule out that these wolves had low genetic diversity for natural reasons, it suggests that humans were interacting with and managing wolves in ways we hadn't previously considered."

One wolf from the Bronze Age also showed severe damage to a limb bone that would have reduced its ability to move or hunt. Its survival suggests it may have received care or lived in conditions where hunting large prey was unnecessary.

A Broader View of Human and Animal Relationships

By combining bone analysis with genetic data, researchers gained insights that would not have been possible using either method alone. "The combination of data has revealed new and very unexpected perspectives on Stone Age and Bronze Age human-animal interactions in general and specifically concerning wolves and also dogs," says Jan Stora, Professor of Osteoarchaeology at Stockholm University.

Overall, the findings suggest that relationships between humans and wolves in prehistory were far more varied than once thought. Rather than being limited to hunting or avoidance, these interactions sometimes involved close cooperation and management, hinting at early experiments with domestication that did not lead directly to modern dogs.
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Scientists replayed evolution and found a surprise | ScienceDaily
All living things must survive in environments that are constantly changing. Seasons shift from summer to winter, and weather patterns can swing from floods one year to drought the next. Populations of plants and animals are always dealing with new pressures, explains University of Vermont scientist Csenge Petak. What remains unclear is how this ongoing instability shapes evolution over time.


						
Petak wondered whether frequent environmental changes actually help populations adapt by preparing them for future challenges, or whether constant disruption slows progress. "Do populations benefit from lots of environmental fluctuations, making new generations more prepared to face future changes," she asked, "or are they impaired, forced to readapt again and again, never reaching the heights of fitness that the same populations in a stable environment could achieve?"

Simulating Evolution Across Generations

To investigate this question, Petak teamed up with University of Vermont computer scientist Lapo Frati, along with two other UVM researchers and a collaborator from the University of Cambridge. Together, they designed a groundbreaking study using advanced computer simulations that followed thousands of generations of digital organisms.

The findings, published December 15 in the Proceedings of the National Academy of Sciences (PNAS), challenged simple assumptions about evolution. "We found remarkable variation in how populations evolved in variable environments," the researchers reported. "In some cases, changing the environment helped populations find higher fitness peaks; in others, it hindered them."

Impossible to Test in a Lab

Traditional evolutionary research often tracks a single population living under one set of conditions. Frati explains that this narrow focus can miss important patterns. "Researchers often watch the long-term trajectory of one population in a specific environment, says Frati. "We picked an array of environments and see how the specifics of each one influence the trajectory of many populations."

To see why this broader approach matters, consider fruit flies living in very different parts of the world. A population in the United States might experience seasonal temperature swings, while another in Kenya alternates between long dry spells and heavy rainfall. These groups belong to the same species, yet they face very different challenges.




"Temperature fluctuations might promote better adaptation to both cold and warm seasons," Petak explains. "But repeated cycling between dry and wet seasons might actually impede adaptation to drought, forcing the population to 'restart' evolution after they experience a long period of rainfall -- leading to worse traits than in populations exposed only to drought." As a result, one population may benefit from environmental shifts while another is held back by them.

Why History Matters in Evolution

Senior author Melissa Pespeni, a biology professor at UVM, says the study's scale made these insights possible. "What's exciting about this study is that we replayed evolution hundreds of times. This gave us a bird's-eye view of how evolution played out across many different environments -- something that would be impossible to test in the lab," she said.

One major conclusion stood out. "The biggest takeaway for me is that starting point really matters. A population's history shapes how high it can climb and how hard the path is to get there, which means we can't assume one population represents an entire species."

Why These Findings Matter Now

The results have important implications for real-world problems. Scientists need to know whether plants and animals can adapt quickly enough to survive accelerating climate change. At the same time, bacteria continually evolve resistance to antibiotics, posing a growing threat to human health.




Despite this complexity, research often focuses on just one population under one type of environmental stress. Broad conclusions are then drawn about how a species will respond to change. Petak argues that this approach can be misleading. "Computational models, like ours, can be used to formulate new hypotheses about real biological populations," she says.

Testing Evolution in 105 Different Environments

In their simulations, the researchers created artificial organisms and exposed them to a wide range of shifting conditions. These digital environments reflected natural patterns such as temperature cycles and alternating periods of drought and rainfall.

"What is new in our work," Petak explains, "is that instead of studying evolution in just one variable environment, we created 105 different variable environments. This allowed us to systematically compare how populations evolve across many distinct scenarios."

AI Implications

The findings also extend beyond biology and may help inform research in artificial intelligence. Many AI systems struggle to learn new tasks without losing skills they already acquired. Co-author and UVM computer scientist Nick Cheney sees strong parallels between this challenge and evolutionary dynamics.

"AI systems have traditionally been built narrowly around solving one specific question," Cheney says. Newer approaches aim to build systems that keep learning over time. A growing field known as online continual learning, he adds, "beautifully mirror the ideas explored in this paper around how evolution, learning, and development engage with -- and benefit from -- variable and dynamic environments."

Learning How to Learn

For Frati, the broader message applies to learning systems of all kinds. "My research is about meta-learning, the capability of systems to learn to learn." he says. Just as an AI cannot be evaluated based on a single task, evolution cannot be fully understood by studying one environment alone.

The study highlights the importance of testing systems across many comparable but distinct conditions when evaluating evolvability, which Frati describes as the ability of a system to evolve to evolve.

At its core, the research shows that evolution is shaped not just by change itself, but by the order, type, and history of those changes. As Petak puts it, "Our results show that the choice of variable environment," she says, "can strongly influence the outcome."
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A gold catalyst just broke a decade old green chemistry record | ScienceDaily
Acetaldehyde is an essential chemical building block that plays a major role in modern manufacturing. It is commonly produced using the ethylene-based Wacker oxidation process, a method that is expensive and carries significant environmental drawbacks. Converting bioethanol into acetaldehyde through selective oxidation offers a more sustainable alternative, but most existing catalysts face a familiar problem. When activity increases, selectivity often drops, leaving acetaldehyde yields below 90%.


						
More than ten years ago, researchers Liu and Hensen demonstrated an important advance using an Au/MgCuCr2O4 catalyst. Their work revealed a specific Au0-Cu+ interaction that delivered acetaldehyde yields exceeding 95% at 250degC, while remaining stable for more than 500 hours (J. Am. Chem. Soc. 2013, 135, 14032; J. Catal. 2015, 331, 138; J. Catal. 2017, 347, 45). Despite this milestone, developing safer, non-toxic catalysts that can achieve similar performance at lower temperatures has remained an unresolved challenge.

New Gold Perovskite Catalysts Push Performance Further

Recent progress from a research team led by Prof. Peng Liu (Huazhong University of Science and Technology) and Prof. Emiel J.M. Hensen (Eindhoven University of Technology) marks a significant step forward. The team designed a series of Au/LaMnCuO3 catalysts with different manganese-to-copper ratios. Among them, Au/LaMn0.75Cu0.25O3 stood out for its strong cooperative interaction between gold nanoparticles and a moderately copper-doped LaMnO3 perovskite structure.

This carefully tuned synergy allowed ethanol oxidation to proceed efficiently at temperatures below 250oC. The new catalyst outperformed the long-standing Au/MgCuCr2O4 benchmark, and the results were reported in the Chinese Journal of Catalysis.

Optimizing Catalyst Design for Higher Yield and Stability

To improve the efficiency of converting bioethanol into acetaldehyde -- a valuable chemical used in plastics and pharmaceuticals, the researchers focused on perovskite-based catalyst supports. These materials were produced using a sol-gel combustion process and then coated with gold nanoparticles. By adjusting the manganese and copper content, the team identified an optimal formulation (Au/LaMn0.75Cu0.25O3) that achieved a 95% acetaldehyde yield at 225degC and remained stable for 80 hours.




Catalysts with higher copper levels performed worse, mainly because copper tends to lose its active chemical state during the reaction. The strong performance of the optimized catalyst was traced to a cooperative interaction among gold, manganese, and copper ions.

How Gold, Copper, and Manganese Work Together

To explain why the new catalyst performs so well, the researchers carried out detailed computational studies using density functional theory and microkinetic modeling. These simulations showed that introducing copper into the perovskite structure creates highly active sites near the gold particles. These sites make it easier for oxygen and ethanol molecules to react.

The optimized catalyst also lowers the energy barrier for key reaction steps, allowing the process to proceed more efficiently. Together, experimental data and theoretical modeling emphasize the importance of precisely tuning catalyst composition to achieve higher efficiency and better stability.
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How Earth endured a planet-wide inferno: The secret water vault under our feet | ScienceDaily
Around 4.6 billion years ago, Earth looked nothing like the calm, blue world we see today. Repeated and powerful impacts from space kept the planet's surface and interior in a turbulent, molten state. Much of Earth was covered by a global ocean of magma, with temperatures so extreme that liquid water could not survive. The young planet more closely resembled a blazing furnace than a place capable of supporting oceans or life.


						
Today, however, oceans cover about 70% of Earth's surface. How water managed to endure the transition from this molten early phase to a largely solid planet has long puzzled scientists and driven decades of research.

Water Hidden Deep Inside the Planet

A recent study led by Prof. Zhixue Du of the Guangzhou Institute of Geochemistry of the Chinese Academy of Sciences (GIGCAS) offers a new explanation. The team found that large amounts of water could have been stored deep within Earth's mantle as it cooled and crystallized from molten rock.

Their results, published in Science on December 11, are changing how scientists think about water storage deep inside the planet. The researchers showed that bridgmanite, the most abundant mineral in Earth's mantle, can function like a microscopic "water container." This ability may have allowed early Earth to trap significant amounts of water below the surface as the planet solidified.

According to the team, this early reservoir of water may have played a key role in Earth's transformation from a hostile, fiery world into one capable of supporting life.

Testing Water Storage Under Extreme Conditions

Earlier experiments suggested that bridgmanite could only hold small amounts of water. Those studies, however, were conducted at relatively low temperatures. To revisit the question, the researchers had to overcome two major hurdles. They needed to recreate the intense pressures and temperatures found more than 660 kilometers beneath Earth's surface, and they had to detect extremely small traces of water in mineral samples, some thinner than one tenth the width of a human hair and containing only a few hundred parts per million of water.




To meet these challenges, the team built a diamond anvil cell system combined with laser heating and high-temperature imaging. This custom-designed setup allowed them to push temperatures as high as ~4,100 degC. By reproducing deep mantle conditions and accurately measuring equilibrium temperatures, the researchers were able to explore how heat affects the way minerals absorb water.

Advanced Tools Reveal Hidden Water

Using the advanced analytical facilities at GIGCAS, the scientists applied techniques including cryogenic three-dimensional electron diffraction and NanoSIMS. Working with Prof. LONG Tao from the Institute of Geology of the Chinese Academy of Geological Sciences, they also incorporated atom probe tomography (APT).

Together, these methods acted like ultra-high-resolution "chemical CT scanners" and "mass spectrometers" for the microscopic world. This approach allowed the team to map how water is distributed inside tiny samples and confirm that water is structurally dissolved within bridgmanite itself.

A Much Wetter Deep Mantle Than Expected

The experiments revealed that bridgmanite's ability to trap water, measured by its water partition coefficient, increases sharply at higher temperatures. During Earth's hottest magma ocean phase, newly formed bridgmanite could have stored far more water than scientists once believed. This finding challenges the long-standing assumption that the lower mantle is almost completely dry.




Using these results, the team modeled how Earth's magma ocean cooled and crystallized. Their simulations suggest that, because bridgmanite held water so efficiently under extreme heat, the lower mantle became the largest water reservoir within the solid Earth after the magma ocean cooled. The model indicates that this reservoir could be five to 100 times larger than earlier estimates, with total water amounts ranging from 0.08 to 1 times the volume of today's oceans.

How Deep Water Shaped Earth's Evolution

This deeply stored water did not simply remain trapped. Instead, it acted as a "lubricant" for Earth's internal engine. By lowering the melting point and viscosity of mantle rocks, the water helped drive internal circulation and plate motion, giving the planet long-term geological energy.

Over vast spans of time, some of this water was slowly returned to the surface through volcanic and magmatic activity. This process contributed to the formation of Earth's early atmosphere and oceans. The researchers suggest that this buried "spark of water" may have been a decisive factor in turning Earth from a molten inferno into the blue, life-friendly planet we know today.
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Back from the dead: "Extinct" fish rediscovered in a remote Bolivian pond after 20 years | ScienceDaily

The species had not been observed for more than 20 years. Its original habitat was destroyed and converted into farmland, and repeated searches over the years failed to locate any surviving individuals. As a result, Moema claudiae was classified as Critically Endangered under IUCN criteria and widely believed to be possibly extinct.

A Surviving Population Found in a Remote Pond

During a recent field expedition, researchers Heinz Arno Drawert and Thomas Otto Litz made a breakthrough. They discovered a living population of Moema claudiae in a small, temporary pond located within a fragment of forest surrounded by agricultural land.

This marks the first confirmed record of the species in more than two decades. The discovery, published in the open-access journal Nature Conservation, allowed scientists to photograph the fish alive for the first time. It also gave researchers the opportunity to observe its behavior and investigate aspects of its natural history that were previously unknown.

A Personal and Scientific Milestone

Thomas Litz, one of the study's co-authors, described the rediscovery as deeply meaningful. "For me, it is something special to have rediscovered Moema claudiae. This has shown that we now have the opportunity to preserve this species in the wild. I am all the more pleased because Prof. Wilson Costa named this species after his wife Claudia, and I would like to take this opportunity to thank him especially for decades of collaboration and support."

A Global Hotspot for Seasonal Killifish Diversity




The rediscovered site turned out to be remarkable for more than just one species. In addition to Moema claudiae, researchers identified six other species of seasonal killifish in the same habitat. This makes it the most genetically diverse assemblage of seasonal killifish ever documented anywhere in the world.

The area sits at a unique ecological crossroads where the Amazon forest meets the Llanos de Moxos savannas. This transition zone appears to support exceptional biodiversity. However, widespread deforestation and expanding agriculture are rapidly reducing these habitats.

Urgent Calls for Habitat Protection

Following the discovery, scientists stressed the need for immediate conservation action. The newly identified site is currently the only known location that supports a wild population of Moema claudiae. It is also an important global center of seasonal killifish diversity.

Over the past 25 years, Bolivia has lost nearly 10 million hectares of forest, including critical wetlands. The pace of deforestation has increased sharply in recent years, putting many unique species and ecosystems at risk.

"Without rapid and effective action to curb the irrational expansion of the agricultural frontier in Bolivia's lowlands, we risk losing some of the world's most important terrestrial and aquatic ecosystems, and with them the irreplaceable goods and services they provide," said co-author Heinz Drawert. "We cannot hope to achieve true social and economic well-being unless we also maintain the functionality of the ecosystems that sustain it."
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Microplastics are leaking invisible chemical clouds into water | ScienceDaily
Researchers have found that microplastics drifting through rivers, lakes, and oceans constantly release a complex blend of dissolved organic chemicals into the water. This chemical leakage continues over time and becomes much more intense when plastics are exposed to sunlight. The new findings offer the most detailed molecular-level picture so far of how microplastic-derived dissolved organic matter, known as MPs DOM, forms and changes in natural aquatic environments.


						
The research, published in New Contaminants, examined four common types of plastic and compared the chemicals they released with naturally occurring dissolved organic matter found in rivers. By combining kinetic modeling with fluorescence spectroscopy, high-resolution mass spectrometry, and infrared analysis, the team showed that each plastic type releases its own unique chemical mixture. These chemical signatures shift as sunlight gradually breaks down plastic surfaces.

"Microplastics do not just pollute aquatic environments as visible particles. They also create an invisible chemical plume that changes as they weather," said lead author Jiunian Guan of Northeast Normal University. "Our study shows that sunlight is the primary driver of this process, and that the molecules released from plastics are very different from those produced naturally in rivers and soils."

Sunlight speeds up chemical release from microplastics

To better understand how light affects plastic breakdown, the researchers exposed polyethylene, polyethylene terephthalate, polylactic acid, and polybutylene adipate co terephthalate microplastics to water under both dark and ultraviolet conditions for up to 96 hours. Exposure to sunlight sharply increased the amount of dissolved organic carbon released by every plastic tested. Plastics labeled as biodegradable, including PLA and PBAT, released the largest amounts, reflecting their less stable chemical structures.

Kinetic modeling revealed that the release process followed zero order behavior. This means the rate was controlled by physical and chemical limits at the plastic surface rather than by how much material was already dissolved in the water. Under ultraviolet light, the researchers identified film diffusion as the main factor slowing the release process.

Plastics release a complex mix of chemical compounds

Detailed chemical analyses showed that MPs DOM contains a wide range of molecules derived from plastic additives, monomers, oligomers, and fragments formed through photo oxidized reactions. Plastics with aromatic structures, such as PET and PBAT, generated especially complex chemical mixtures.




As the plastics continued to weather, the researchers observed a rise in oxygen containing functional groups. This shift pointed to the formation of alcohols, carboxylates, ethers, and carbonyls. Chemical additives like phthalates were also detected, which aligns with their relatively weak attachment within plastic materials.

Fluorescence measurements revealed another striking difference. MPs DOM closely resembled organic material produced by microbes rather than organic matter originating from land plants and soils. This pattern contrasts strongly with natural dissolved organic matter found in rivers. Over time, the balance of protein like, lignin like, and tannin like substances shifted depending on the type of plastic and the level of sunlight exposure.

Growing environmental risks from invisible plastic pollution

The changing chemical mixtures released by microplastics could affect aquatic ecosystems in multiple ways. MPs DOM is largely made up of small, biologically accessible molecules that may stimulate or suppress microbial growth, disrupt nutrient cycles, or interact with metals and other pollutants. Previous research has shown that MPs DOM can produce reactive oxygen species, influence the formation of disinfection byproducts, and alter how pollutants attach to particles in water.

"Our findings highlight the importance of considering the full life cycle of microplastics in water, including the invisible dissolved chemicals they release," said co author Shiting Liu. "As global plastic production continues to rise, these dissolved compounds may have growing environmental significance."

Predicting the future chemistry of plastic pollution

Because MPs DOM is chemically complex and constantly changing, the researchers suggest that machine learning tools could help forecast how these substances behave in natural waters. Such models could improve risk assessments related to ecosystem health, pollutant transport, and carbon cycling.

The authors also point out that the flow of microplastics into rivers and oceans remains largely unregulated. As plastics continue to fragment and degrade under sunlight, the release of MPs DOM is expected to increase. Understanding how these chemicals evolve across different stages of plastic breakdown will be essential for assessing their long-term environmental impact.
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This strange ancient snake was hiding in a museum for decades | ScienceDaily
An extinct snake is finally getting its moment in the spotlight, more than 40 years after its fossils were first found.


						
Scientists have now identified those bones as a brand new species called Paradoxophidion richardoweni, and it could help explain where today's most "advanced" snakes came from.

In 1981, researchers uncovered a set of ancient snake backbones at Hordle Cliff on England's south coast. For decades, the remains sat in collections. Now they have been recognized as the vertebrae of a previously unknown snake.

A study published in the journal Comptes Rendus Palevol reports that the vertebrae belong to Paradoxophidion richardoweni. The snake lived about 37 million years ago, during a time when England supported a far greater variety of snakes than it does today.

A new fossil snake with clues to modern lineages

Even though scientists only have parts of the spine, the discovery could shed light on the early evolution of the largest group of living snakes. That is because Paradoxophidion appears to be an early branching member of the caenophidians, the group that includes most snake species alive today.

Because it sits so close to the beginning of caenophidian history, the snake shows an unusual blend of traits that are now scattered across different modern snake groups. That patchwork is reflected in its genus name. Paradoxophidion means 'paradox snake' in Greek.




The species name honors Sir Richard Owen. He named the first fossil snakes discovered at Hordle Cliff, and he also played a major role in creating what is now the Natural History Museum, where these fossils are housed.

Lead author Dr. Georgios Georgalis, from the Institute of Systematics and Evolution of Animals of the Polish Academy of Sciences in Krakow, says describing a new species from museum collections was 'a dream come true'.

"It was my childhood dream to be able to visit the Natural History Museum, let alone do research there," reveals Georgios. "So, when I saw these very weird vertebrae in the collection and knew that they were something new, it was a fantastic feeling."

"It's especially exciting to have described an early diverging caenophidian snake, as there's not that much evidence about how they emerged. Paradoxophidion brings us closer to understanding how this happened."

Hordle Cliff and England's warmer Eocene past

Hordle Cliff, near Christchurch on England's south coast, preserves fossils from the Eocene, a stretch of time from about 56 to 34 million years ago.




Dr. Marc Jones, a curator of fossil reptiles and amphibians who co authored the research, notes that the Eocene was marked by major climate shifts worldwide.

"Around 37 million years ago, England was much warmer than it is now," Marc explains. "Though the Sun was very slightly dimmer, levels of atmospheric carbon dioxide were much higher."

"England was also slightly closer to the equator, meaning that it received more heat from the Sun year round."

Fossil discoveries at Hordle Cliff began roughly 200 years ago. In the early 1800s, Barbara Rawdon-Hastings, the fossil-hunting Marchioness of Hastings, collected skulls of crocodile relatives from the area, including one that Richard Owen later named after her.

Since then, the site has produced fossils of turtles, lizards, and mammals, along with many snake remains, including some that have played an important role in paleontology.

"The fossil snakes found at Hordle Cliff were some of the first to be recognized when Richard Owen studied them in the mid-nineteenth century," says Georgios. "They include Paleryx, the first named constrictor snake in the fossil record."

"Smaller snakes from this site, however, haven't been as well investigated. Paradoxophidion's vertebrae are just a few millimetres long, so historically they've not had a lot of attention."

CT scans reveal 31 vertebrae and a digital model

To study the tiny bones in detail, Marc and Georgios used CT scanning. Altogether, they identified 31 vertebrae from different parts of the spine of Paradoxophidion.

"We used these CT scans to make three dimensional models of the fossils," Marc adds. "These provide a digital record of the specimen which we've shared online so that they can be studied by anyone, not just people who can come to the museum and use our microscopes."

The scans show that the vertebrae vary slightly in shape and size, which is expected because snake spine bones gradually narrow from head to tail. At the same time, shared features across the fossils indicate they came from a single species.

Georgios estimates the snake was under a metre long, but many details remain uncertain. Without a skull, it is hard to tell what it ate. And the vertebrae do not show obvious signs of a highly specialized lifestyle, such as burrowing.

A possible connection to elephant trunk snakes

Even if the fossils do not reveal much about how the snake lived, the vertebrae closely resemble those of acrochordids. These snakes are often called elephant trunk snakes because of their unusually loose, baggy skin.

Today, only a few species of elephant trunk snakes live in southeast Asia and northern Australia. They are also among the earliest branches of the caenophidian family tree, and their fossil record stretches back more than 20 million years.

"As Paradoxophidion is really similar to the acrochordids, it's possible that this snake could be the oldest known member of this family," muses Georgios. "If it was, then it could mean that it was an aquatic species, as all Acrochordids are aquatic."

"On the other hand, it might belong to a completely different group of caenophidians. There's just not enough evidence at the moment to prove how this snake might have lived, or which family it belongs to."

Learning more about Paradoxophidion, and about early caenophidian evolution more broadly, will require closer study of additional fossils. Georgios hopes to keep working through the fossil reptile collections soon, where he suspects other undiscovered species may still be waiting.

"I'm planning to study a variety of snake fossils in the collection, including those originally studied by Richard Owen" Georgios adds. "These include the remains of the giant aquatic snake Palaeophis, which were first found in England in the nineteenth century."

"There are also several bones with differing morphology that haven't been investigated before that I'm interested in looking at. These might represent new taxa and offer additional clues about snake evolution."
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Scientists turn carrot waste into protein people prefer | ScienceDaily
As the global population grows, the pressure to produce nutritious food more efficiently continues to increase. At the same time, food manufacturing generates large amounts of leftover material that often goes unused. Scientists reporting in the American Chemical Society's Journal of Agricultural and Food Chemistry investigated whether waste from carrot processing could serve a new purpose. By feeding carrot side streams to edible fungi, the researchers created a sustainable protein source.


						
They then used this fungal protein in experimental vegan patties and sausages. When these foods were tested, volunteers rated them as more enjoyable than comparable products made with traditional plant-based proteins.

"This study is a significant step towards a circular economy by transforming valuable food side streams into a high-quality protein source, highlighting the potential of fungal mycelium in addressing global food security and sustainability challenges," says Martin Gand, the corresponding author of the study.

The Global Need for New Food Solutions

The urgency for alternative protein sources is clear. According to the United Nations, about one in 11 people worldwide experienced hunger in 2023, and more than three billion people could not afford a healthy diet. These challenges point to the need for food systems that deliver more nutrition while using fewer resources.

Edible fungi offer one possible solution. Previous research has shown that fungi can grow on food industry leftovers such as apple pomace and whey from apple juice and cheese manufacturing, respectively. Building on this work, Gand and his colleagues set out to recover nutrients from carrot side streams and reuse them as a growing medium for fungi.

Instead of harvesting mushroom caps, the team focused on fungal mycelia. These root-like structures grow faster and take up less space, while still producing nutrients that are beneficial for human diets.




Selecting the Best Fungus for Protein Production

To identify the most promising option, the researchers tested 106 different fungal strains grown on side streams from orange and black carrots used in natural color production. Each strain was evaluated for growth performance and protein output. One fungus emerged as the top candidate: Pleurotus djamor (pink oyster mushroom).

After selecting this species, the researchers adjusted growth conditions to increase protein yield. The resulting protein showed biological values similar to those of animal and plant proteins, meaning it could be efficiently used by the human body. The P. djamor mycelia were also low in fat and contained fiber levels comparable to other edible fungi.

Taste Tests With Vegan Foods

To see how the fungal protein worked in real foods, the team prepared vegan patties that replaced soy protein with different amounts of mycelia. The patties contained 0%, 25%, 50%, 75% and 100% fungal protein. Volunteers evaluated the patties based on texture, flavor, and aroma. A key finding was that participants preferred the patties made entirely with mycelium over those made entirely with soy.

The researchers also produced vegan sausages using either soaked chickpeas or fresh mycelia. In these tests, volunteers generally favored both the smell and taste of the sausages that included fungal mycelium.

A Low-Waste Path to Future Protein

Overall, the findings suggest that fungal mycelia could serve as a sustainable and appealing protein source. The process makes use of food production materials that would otherwise be discarded, without requiring additional farmland, and offers nutritional benefits similar to existing plant-based proteins. Gand adds, "utilizing side streams as substrate for mycelium production reduces environmental impact while adding value and supports food security by enabling an efficient and sustainable protein production."

The authors also note that the research was supported by institutional resources and GNT Europa GmbH, a company that produces natural food colors.
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        Critical minerals are hiding in plain sight in U.S. Mines
        Researchers found that U.S. metal mines already contain large amounts of critical minerals that are mostly going unused. Recovering even a small fraction of these byproducts could sharply reduce dependence on imports for materials essential to clean energy and advanced technology. In many cases, the value of these recovered minerals could exceed the value of the mines' primary products. The findings point to a surprisingly simple way to boost domestic supply without opening new mines.

      

      
        Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation
        Stanford scientists have uncovered how mRNA COVID-19 vaccines can very rarely trigger heart inflammation in young men -- and how that risk might be reduced. They found that the vaccines can spark a two-step immune reaction that floods the body with inflammatory signals, drawing aggressive immune cells into the heart and causing temporary injury.

      

      
        Ancient wolves could only have reached this island by boat
        Scientists have uncovered ancient wolf remains on a small Baltic island where wolves could only have been brought by humans. These animals weren't dogs, but true wolves that ate the same marine food as the people living there and showed signs of isolation and possible care. One even survived with an injured limb that would have made hunting difficult. The findings suggest humans once kept and managed wolves in ways far more complex than previously imagined.

      

      
        Nearly 70% of U.S. adults could now be classified as obese
        A major update to how obesity is defined could push U.S. obesity rates to nearly 70%, according to a large new study. The change comes from adding waist and body fat measurements to BMI, capturing people who were previously considered healthy. Many of these newly included individuals face higher risks of diabetes and heart disease. The findings suggest that where fat is stored may be just as important as overall weight.

      

      
        This 100-year-old teaching method is beating modern preschools
        A first-of-its-kind national trial shows that public Montessori preschool students enter kindergarten with stronger reading, memory, and executive function skills than their peers. These gains don't fade -- they grow over time, bucking a long-standing trend in early education research. Even better, Montessori programs cost about $13,000 less per child than traditional preschool. The results suggest a powerful, affordable model hiding in plain sight.

      

      
        What if AI becomes conscious and we never know
        A philosopher at the University of Cambridge says there's no reliable way to know whether AI is conscious--and that may remain true for the foreseeable future. According to Dr. Tom McClelland, consciousness alone isn't the ethical tipping point anyway; sentience, the capacity to feel good or bad, is what truly matters. He argues that claims of conscious AI are often more marketing than science, and that believing in machine minds too easily could cause real harm. The safest stance for now, he says...

      

      
        Scientists turn carrot waste into protein people prefer
        Scientists have discovered a clever way to turn carrot processing leftovers into a nutritious and surprisingly appealing protein. By growing edible fungi on carrot side streams, researchers produced fungal mycelium that can replace traditional plant-based proteins in foods like vegan patties and sausages. When people sampled the foods, many preferred the versions made entirely with the fungal protein over those made with soy or chickpeas.
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Critical minerals are hiding in plain sight in U.S. Mines | ScienceDaily
The United States may already be producing most of the critical minerals it needs, but much of that material is currently going unused. A new statistical study led by Elizabeth Holley and her research team shows that valuable minerals could be recovered as byproducts from active U.S. metal mines, sharply reducing the nation's reliance on foreign imports.


						
Critical mineral byproducts are elements that occur naturally alongside metals like copper, gold, zinc, or nickel. These secondary minerals are not the main target of mining operations, so they are often separated out and discarded during processing. According to the researchers, recovering even small amounts of these overlooked materials could have a major impact on U.S. supply chains.

The researchers found that if 90 percent of these byproducts were recovered, they "could meet nearly all U.S. critical mineral needs; one percent recovery would substantially reduce import reliance for most elements evaluated." This means that even modest improvements in recovery technology could significantly reduce dependence on overseas sources.

What Are Critical Minerals and Why They Matter

Critical minerals are materials that are essential to the economy and national security but face supply risks due to limited domestic production or geopolitical instability. In the United States, this category includes minerals such as cobalt, nickel, manganese, lithium, tellurium, germanium, and many others.

These elements play key roles in modern technology. They are used in rechargeable batteries for electric vehicles, magnets for wind turbines, semiconductors for electronics, and solar panels for renewable energy. Some are also vital for defense systems, medical devices, and communications equipment.

Demand for these materials is growing rapidly as clean energy technologies expand. At the same time, many critical minerals are currently imported from regions affected by political tension or trade uncertainty. Developing entirely new mines can take decades, making alternative domestic sources especially attractive.




How Researchers Measured Untapped Mineral Potential

To estimate how much of these minerals could be recovered inside the United States, Holley and her colleagues combined two large datasets. One database tracked the main commodities produced at federally permitted U.S. metal mines. The other included detailed geochemical measurements showing the concentrations of 70 critical minerals found in ore samples across the country.

By pairing production data with mineral chemistry data, the team was able to estimate how much of each critical mineral is already being mined and processed, but not recovered. Instead, these materials end up in mine waste, also known as tailings, which must be stored and monitored to prevent environmental harm.

In many cases, the study found that recovering less than 10 percent of these byproducts would generate a higher total dollar value than the primary metals currently being sold by U.S. mines. This suggests that what is treated as waste today could become a major economic resource.

Economic, Strategic, and Environmental Benefits

The potential benefits of recovering critical mineral byproducts extend beyond economics. Reducing import dependence would strengthen supply security for industries tied to energy, technology, and defense. It could also help protect the U.S. from supply disruptions caused by international conflicts or trade restrictions.

There are environmental advantages as well. Recovering valuable minerals instead of discarding them would reduce the volume and long term impact of mine waste. It could also create new opportunities to reuse processed materials in construction and other applications.

Despite the promise, challenges remain. Recovering small amounts of minerals from complex ore mixtures requires advanced technology, additional processing steps, and supportive policies. As Holley has explained, the difficulty lies in making recovery practical and cost effective at scale.

Still, the findings point to a largely untapped opportunity. Active U.S. mines are already handling the materials needed for batteries, clean energy systems, and high tech manufacturing. With targeted investment, research, and policy incentives, these hidden byproducts could become a powerful domestic resource rather than a discarded one.
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Stanford scientists uncover why mRNA COVID vaccines can trigger heart inflammation | ScienceDaily
Researchers at Stanford Medicine have identified the biological steps that explain how mRNA-based COVID-19 vaccines can, in rare cases, lead to heart inflammation in some adolescent and young adult males. Their work also points to a potential strategy for lowering that risk.


						
By combining modern laboratory techniques with previously published data from vaccinated individuals, the team uncovered a two-stage immune response. In this process, the vaccine activates one type of immune cell, which then stimulates another. Together, these immune reactions drive inflammation that can damage heart muscle cells and set off additional inflammatory effects.

Vaccines Remain Highly Safe and Effective

The findings come despite the fact that mRNA COVID-19 vaccines have been given billions of times worldwide and continue to show an excellent safety record, said Joseph Wu, MD, PhD, director of the Stanford Cardiovascular Institute.

"The mRNA vaccines have done a tremendous job mitigating the COVID pandemic," said Wu, the Simon H. Stertzer, MD, Professor and a professor of medicine and of radiology. "Without these vaccines, more people would have gotten sick, more people would have had severe effects and more people would have died."

mRNA vaccines are considered a major advance because they can be developed quickly, adjusted as viruses change, and tailored to target very different pathogens. Still, as with any medical intervention, reactions are not identical for everyone.

Understanding Vaccine-Associated Myocarditis

One uncommon but documented side effect of mRNA COVID-19 vaccines is myocarditis, which refers to inflammation of the heart muscle. Symptoms can include chest pain, shortness of breath, fever and heart palpitations. These symptoms occur without a viral infection and typically appear within one to three days after vaccination.




Most affected individuals show elevated levels of cardiac troponin in their blood, a widely used marker of heart muscle injury. (Cardiac troponin is normally found exclusively in the heart muscle. When found circulating in blood, it indicates damage to heart muscle cells.)

The condition occurs in roughly one out of every 140,000 people after a first vaccine dose and increases to about one in 32,000 after a second dose. Rates are highest among males age 30 and younger, where it affects about one in 16,750 vaccine recipients.

Outcomes Are Usually Mild and Temporary

Wu emphasized that the majority of myocarditis cases linked to vaccination resolve quickly, with heart function either fully preserved or restored.

"It's not a heart attack in the traditional sense," he said. "There's no blockage of blood vessels as found in most common heart attacks. When symptoms are mild and the inflammation hasn't caused structural damage to the heart, we just observe these patients to make sure they recover."

In rare instances, however, severe inflammation can cause serious injury, leading to hospitalization, intensive care treatment or death.




"But COVID's worse," Wu said. He noted that a COVID-19 infection is about 10 times more likely to cause myocarditis than an mRNA-based COVID-19 vaccine, in addition to the many other risks posed by the disease.

A Closer Look at the Immune Response

Wu is a senior author of the study, publisded Dec. 10 in Science Translational Medicine, along with Masataka Nishiga, MD, PhD, a former Stanford postdoctoral scholar now at The Ohio State University. The study's lead author is Xu Cao, PhD, also a postdoctoral scholar at Stanford.

"Medical scientists are quite aware that COVID itself can cause myocarditis," Wu said. "To a lesser extent, so can the mRNA vaccines. The question is, why?"

Suspects Identified

To answer that question, the team analyzed blood samples from vaccinated individuals, including some who developed myocarditis. When they compared these samples with those from people who did not develop heart inflammation, two proteins stood out.

"Two proteins, named CXCL10 and IFN-gamma, popped up. We think these two are the major drivers of myocarditis," Wu said.

Both CXCL10 and IFN-gamma are cytokines, signaling molecules that immune cells use to communicate and coordinate their activity.

How Immune Cells Interact After Vaccination

The researchers grew human immune cells called macrophages in laboratory dishes and exposed them to mRNA vaccines. Macrophages act as early responders in immune defense.

After exposure, the macrophages released multiple cytokines, with especially high levels of CXCL10. Their behavior closely matched immune responses previously documented in vaccinated people.

When T cells were added to the system, either directly or by exposing them to fluid from the macrophage cultures, the T cells began producing large amounts of IFN-gamma. In contrast, T cells exposed to the vaccine alone did not show this spike. These findings showed that macrophages primarily produce CXCL10, while T cells are the main source of IFN-gamma following vaccination.

How the Cytokines Affect the Heart

To determine whether these cytokines directly harm the heart, the team vaccinated young male mice and observed increased cardiac troponin levels, indicating heart muscle injury.

They also found that immune cells, including macrophages and neutrophils, had entered heart tissue. Neutrophils are short-lived immune cells that respond aggressively to threats and are a major component of pus. Similar immune cell infiltration is seen in people who develop myocarditis after vaccination.

Blocking CXCL10 and IFN-gamma reduced the number of these immune cells entering the heart and limited damage to healthy tissue.

The researchers also detected increased levels of adhesion molecules in heart blood vessels. These molecules help immune cells latch onto vessel walls, making it easier for them to move into heart tissue.

Together, these findings confirmed that CXCL10 and IFN-gamma directly contribute to heart injury. Blocking them preserved much of the immune response to vaccination while lowering signs of heart damage.

Testing Human Heart Tissue Models

Wu's lab specializes in converting human skin or blood cells into stem-like cells that can become heart muscle cells, immune cells and blood vessel cells. These cells can be assembled into small, beating clusters that mimic aspects of heart function.

When these cardiac spheroids were exposed to CXCL10 and IFN-gamma collected from vaccinated immune cells, markers of heart stress rose sharply. Using inhibitors to block the cytokines reduced this damage.

Measures of heart function, including contraction strength and beating rhythm, were impaired by the cytokines but improved once the signaling was blocked.

Saved by a Soybean

Wu suspected that a widely available dietary compound might help protect the heart. Since myocarditis is more common in males and estrogen has anti-inflammatory effects, he revisited genistein, a soy-derived compound his team had studied previously.

In a 2022 study published in Cell, the researchers showed that genistein has anti-inflammatory properties and can counter marijuana-related damage to blood vessels and heart tissue.

"Genistein is only weakly absorbed when taken orally," Wu said. "Nobody ever overdosed on tofu."

Testing Genistein's Protective Effects

The team repeated their experiments while pre-treating cells, cardiac spheroids and mice (the latter by oral administration of large quantities) with genistein. This treatment reduced much of the heart damage caused by either mRNA vaccination or the CXCL10 and IFN-gamma combination.

The form of genistein used in the study was more purified and concentrated than supplements commonly sold in stores.

"It's reasonable to believe that the mRNA-vaccine-induced inflammatory response may extend to other organs," Wu said. "We and others have seen some evidence of this in lung, liver and kidney. It's possible that genistein may also reverse these changes."

Broader Implications Beyond COVID Vaccines

Heightened cytokine signaling may be a broader feature of mRNA vaccines. IFN-gamma, in particular, plays a critical role in defending the body against foreign DNA and RNA, including viral genetic material.

"Your body needs these cytokines to ward off viruses. It's essential to immune response but can become toxic in large amounts," Wu said. Excessive IFN-gamma can lead to myocarditis-like symptoms and breakdown of heart muscle proteins.

This risk is not limited to COVID vaccines alone.

"Other vaccines can cause myocarditis and inflammatory problems, but the symptoms tend to be more diffuse," Wu said. "Plus, mRNA-based COVID-19 vaccines' risks have received intense public scrutiny and media coverage. If you get chest pains from a COVID vaccine you go to the hospital to get checked out, and if the serum troponin is positive, then you get diagnosed with myocarditis. If you get achy muscles or joints from a flu vaccine, you just blow it off."

Funding and Support

The study was supported by the National Institutes of Health (grants R01 HL113006, R01 HL141371, R01 HL141851, R01 HL163680 and R01 HL176822) and the Gootter-Jensen Foundation.
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Ancient wolves could only have reached this island by boat | ScienceDaily
Researchers have uncovered ancient wolf remains on a small, isolated island in the Baltic Sea, a location the animals could not have reached without human help. The findings point to a surprising possibility that prehistoric people deliberately brought grey wolves to the island and may have kept or managed them. The research was published in Proceedings of the National Academy of Sciences and led by scientists from the Francis Crick Institute, Stockholm University, the University of Aberdeen, and the University of East Anglia.


						
The remains, dated to between 3,000 and 5,000 years old, were discovered in the Stora Forvar cave on the Swedish island of Stora Karlso. Archaeological evidence shows the site was heavily used by seal hunters and fishers during the Neolithic and Bronze Ages. Covering just 2.5 square kilometres, the island has no native land mammals, which means any wolves found there must have been transported by people.

Genetic Evidence Confirms They Were Wolves

DNA analysis of two canid bones confirmed the animals were wolves rather than early dogs, with no signs of dog ancestry. Despite this, several features suggested close contact with humans. Chemical analysis of the bones showed the wolves ate large amounts of marine food, including seals and fish, matching the human diet on the island and indicating they were likely fed by people. The wolves were also smaller than typical mainland wolves, and one showed unusually low genetic diversity, often seen in isolated populations or those shaped by human control.

"The discovery of these wolves on a remote island is completely unexpected," said Dr. Linus Girdland-Flink of the University of Aberdeen, a lead author of the study. "Not only did they have ancestry indistinguishable from other Eurasian wolves, but they seemed to be living alongside humans, eating their food, and in a place they could have only have reached by boat. This paints a complex picture of the relationship between humans and wolves in the past."

Rethinking Domestication and Wolf History

The presence of wolves in a human settlement challenges traditional views of how people and wolves interacted in the past and how dogs eventually emerged. Researchers cannot yet say whether these wolves were tame, kept in captivity, or managed in another way. However, their long-term presence on an isolated island suggests intentional and ongoing human involvement.




"It was a complete surprise to see that it was a wolf and not a dog," said Pontus Skoglund of the Ancient Genomics Laboratory at the Francis Crick Institute and senior author. "This is a provocative case that raises the possibility that in certain environments, humans were able to keep wolves in their settlements, and found value in doing so."

Genetic Clues and Possible Human Care

Anders Bergstrom of the University of East Anglia and co-lead author, commented: "The genetic data is fascinating. We found that the wolf with the most complete genome had low genetic diversity, lower than any other ancient wolf we've seen. This is similar to what you see in isolated or bottlenecked populations, or in domesticated organisms. While we can't rule out that these wolves had low genetic diversity for natural reasons, it suggests that humans were interacting with and managing wolves in ways we hadn't previously considered."

One wolf from the Bronze Age also showed severe damage to a limb bone that would have reduced its ability to move or hunt. Its survival suggests it may have received care or lived in conditions where hunting large prey was unnecessary.

A Broader View of Human and Animal Relationships

By combining bone analysis with genetic data, researchers gained insights that would not have been possible using either method alone. "The combination of data has revealed new and very unexpected perspectives on Stone Age and Bronze Age human-animal interactions in general and specifically concerning wolves and also dogs," says Jan Stora, Professor of Osteoarchaeology at Stockholm University.

Overall, the findings suggest that relationships between humans and wolves in prehistory were far more varied than once thought. Rather than being limited to hunting or avoidance, these interactions sometimes involved close cooperation and management, hinting at early experiments with domestication that did not lead directly to modern dogs.
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Nearly 70% of U.S. adults could now be classified as obese | ScienceDaily
A newly proposed definition of obesity could significantly increase the number of Americans considered to have the condition. According to researchers at Mass General Brigham, applying updated criteria developed earlier this year by the Lancet Diabetes and Endocrinology Commission raises the estimated obesity rate in the United States from about 40 percent to nearly 70 percent. The study examined data from more than 300,000 people and found that the increase was especially pronounced among older adults. The findings also showed that many individuals newly classified under the updated definition face higher risks of serious health problems. The study was published in JAMA Network Open.


						
"We already thought we had an obesity epidemic, but this is astounding," said co-first author Lindsay Fourman, MD, an endocrinologist in the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "With potentially 70 percent of the adult population now considered to have excess fat, we need to better understand what treatment approaches to prioritize."

Why BMI Alone May Miss Health Risks

For decades, obesity has primarily been defined using body mass index (BMI), a calculation based on height and weight. While BMI offers a simple estimate, it does not capture how fat is distributed throughout the body. Other anthropomorphic measures -- including waist circumference, waist-to-height ratio, and waist-to-hip ratio -- can provide additional insight by distinguishing fat mass from muscle and identifying abdominal fat linked to disease risk.

Under the updated framework, obesity is identified in two main ways. Individuals with a high BMI plus at least one elevated anthropometric measure are classified as having obesity, a category the authors call "BMI-plus-anthropometric obesity." People with a normal BMI can also be classified as having obesity if they have at least two elevated anthropometric measures, referred to as "anthropometric-only obesity." The guidelines further separate obesity into preclinical and clinical forms, with clinical obesity defined by obesity-related physical impairment or organ dysfunction. The new standards have already been endorsed by at least 76 organizations, including the American Heart Association and The Obesity Society.

Study Data Show a Sharp Rise in Obesity Rates

Researchers analyzed participants from the National Institutes of Health All of Us Research Program, which includes more than 300,000 Americans. Using the new definition, 68.6 percent of participants met the criteria for obesity, compared with 42.9 percent under the traditional BMI-based approach. The entire increase was attributed to individuals classified as having anthropometric-only obesity. Obesity rates differed across sex and race, but age showed the largest effect, with nearly 80 percent of adults over 70 meeting the new criteria.




Higher Health Risks in Newly Identified Groups

The study also found that people with anthropometric-only obesity, who would not have been labeled as having obesity under older standards, had higher rates of diabetes, cardiovascular disease, and mortality compared with individuals without obesity. Roughly half of all participants who met the new obesity definition were categorized as having clinical obesity. This percentage was only slightly lower among those with anthropometric-only obesity than among those with BMI-plus-anthropometric obesity.

"We have always recognized the limitations of BMI as a single marker for obesity because it doesn't take into account body fat distribution," said senior author Steven Grinspoon, MD, Chief of the Metabolism Unit in the Endocrinology Division of the Mass General Brigham Department of Medicine. "Seeing an increased risk of cardiovascular disease and diabetes in this new group of people with obesity, who were not considered to have obesity before, brings up interesting questions about obesity medications and other therapeutics."

What This Means for Treatment and Future Research

The researchers note that additional studies are needed to better understand why anthropometric-only obesity develops and which treatments may be most effective. The team has previously developed a therapy aimed at reducing waist circumference and plans to evaluate how different treatment strategies might benefit this newly defined group.

"Identifying excess body fat is very important as we're finding that even people with a normal BMI but with abdominal fat accumulation are at increased health risk," Fourman said. "Body composition matters -- it's not just pounds on a scale."

Authorship: In addition to Fourman and Grinspoon, Mass General Brigham authors include Aya Awwad, Camille A. Dash, Julia E. Johnson, Allison K. Thistle, Nikhita Chahal, Sara L. Stockman, Mabel Toribio, Chika Anekwe, and Arijeet K. Gattu. Additional authors include Alba Gutierrez-Sacristan.

Disclosures: Fourman serves as a consultant to Theratechnologies and Chiesi Farmaceutici and receives grant funding to her institution from Chiesi Farmaceutici outside of this work. Grinspoon serves as a consultant to Marathon Assets Management and Exavir Therapeutics and receives grant funding to his institution from Kowa Pharmaceuticals, Gilead Sciences, and Viiv Healthcare, unrelated to this project. For the remaining authors, no conflicts were declared.

Funding: This work was supported by the National Institutes of Health (grants K23HD100266, 1R01AG087809, T32DK007028, K23HL147799, 1R01HL173028, and P30DK040561) as well as the American Heart Association-Harold Amos Medical Research Faculty Development Program, supported by the Robert Wood Johnson Foundation, and the Robert A. Winn Excellence in Clinical Trials Award Program from the Bristol Meyers Squibb Foundation. The funding organizations played no role in the design and conduct of the study, collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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This 100-year-old teaching method is beating modern preschools | ScienceDaily
The first nationwide randomized study of children enrolled in public Montessori preschools found that students showed stronger learning outcomes by the time they reached kindergarten. Compared with children who attended non-Montessori programs, Montessori students performed better in reading, memory, and executive function. The results also carry clear implications for education policy, since the Montessori programs produced these gains while operating at significantly lower cost. The study followed 588 children across two dozen programs in different parts of the country, underscoring the importance of tracking these outcomes through later grades and into adulthood.


						
Stronger Outcomes at Lower Cost

Researchers from the University of Virginia, the University of Pennsylvania, and the American Institutes for Research led the new national analysis. Their findings show that public Montessori preschool programs serving children ages 3 to 6 deliver stronger early learning outcomes than traditional preschool options, while also reducing costs for school districts and taxpayers. The research represents the first randomized controlled trial of public Montessori education and was published in the Proceedings of the National Academy of Sciences. Nearly 600 children were followed across 24 public Montessori programs nationwide.

By the end of kindergarten, children who were randomly selected through a lottery to attend Montessori preschools outperformed their peers in reading, executive function, short-term memory, and social understanding. At the same time, Montessori programs cost about $13,000 less per child than conventional preschool programs. This figure does not include additional savings that may come from higher teacher satisfaction and lower turnover, trends supported by other research. These results stand in contrast to earlier preschool studies, which often found short-term benefits that faded by kindergarten.

Researchers Highlight Enduring Benefits

"These findings affirm what Maria Montessori believed over a century ago -- that when we trust children to learn with purpose and curiosity, they thrive," said Angeline Lillard, Commonwealth Professor of Psychology at the University of Virginia. "Public Montessori programs are not only effective but cost-efficient."

Karen Manship, coauthor and Managing Director at the American Institutes for Research, noted that Montessori programs are already widespread in public education. "Montessori preschool programs are already being used in hundreds of U.S. public schools, and our research shows that they are having a positive impact in key areas of early learning," she said. "These findings provide valuable evidence to policymakers and educational leaders who are seeking to deliver better outcomes with increasingly limited resources."

David Loeb of the University of Pennsylvania emphasized the historical roots of the approach. "Montessori began in the low-income housing of early 20th century Rome," he said. "This research shows it still delivers on that promise for America's children today."




Key Findings From the National Trial
    	Stronger early learning: By the end of kindergarten, children in Montessori programs scored higher in reading, memory, executive function, and the ability to understand others' perspectives.
    	Sustained benefits: Unlike many preschool programs where early gains fade, Montessori students continued to improve relative to their peers over time.
    	Cost savings: Compared with traditional public preschool, Public Montessori programs cost $13,000 less per child across the three years from ages 3-6. Savings were driven largely by efficient classroom structures, including the benefits of mixed-age learning.
    	Teacher morale and retention: Actual savings may be even greater, since prior evidence shows Montessori teachers tend to report higher job satisfaction and lower turnover.
    	Benefits for all children: While the strongest effects were seen among children from lower-income families, children from all backgrounds experienced positive outcomes. This aligns with Montessori's original goal of serving underserved communities.

A Century-Old Model With Modern Impact

Dr. Maria Montessori opened her first classroom in 1907 in the working-class neighborhoods of Rome, introducing an educational approach built around children's natural motivation to learn. Today, more than 600 public schools in the United States offer Montessori education. This national study reinforces the idea that Montessori's century-old model remains a powerful tool for early education, producing lasting benefits for children and communities.

The findings are especially relevant for policymakers, since they show that public Montessori programs can deliver stronger outcomes while lowering costs. Additional research also points to improved teacher morale and retention in Montessori settings.

The paper's coauthors include researchers from the American Institutes for Research (Juliette Berg, Maya Escueta, Alison Hauser) and University of Virginia graduate student Emily Daggett.
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What if AI becomes conscious and we never know | ScienceDaily
    	We may never know if AI is truly conscious. A philosopher who studies consciousness says the most honest position is agnosticism. There is no reliable way to tell whether a machine is aware, and that may not change anytime soon.
    	That uncertainty creates room for hype. According to Dr. Tom McClelland, tech companies could take advantage of the lack of clear evidence to market AI as reaching a "next level of AI cleverness," even when there is no proof of genuine consciousness.
    	Believing machines can feel carries real risks. McClelland warns that forming emotional bonds based on the assumption that AI is conscious, when it is not, could be deeply harmful, calling the effect "existentially toxic."

Why AI Consciousness Is So Hard to Pin Down

A philosopher at the University of Cambridge says we lack the basic evidence needed to determine whether artificial intelligence can become conscious, or when that might happen. According to Dr. Tom McClelland, the tools required to test for machine consciousness simply do not exist, and there is little reason to expect that to change anytime soon.

As the idea of artificial consciousness moves out of science fiction and into serious ethical debate, McClelland argues that the most reasonable position is uncertainty. He describes agnosticism as the only defensible stance, because there is no reliable way to know whether an AI system is truly conscious, and that uncertainty may persist indefinitely.

Consciousness vs Sentience in AI Ethics

Discussions about AI rights often focus on consciousness itself, but McClelland says that awareness alone does not carry ethical weight. What truly matters is a specific form of consciousness called sentience, which involves the capacity to feel pleasure or pain.

"Consciousness would see AI develop perception and become self-aware, but this can still be a neutral state," said McClelland, from Cambridge's Department of History and Philosophy of Science.




"Sentience involves conscious experiences that are good or bad, which is what makes an entity capable of suffering or enjoyment. This is when ethics kicks in," he said. "Even if we accidentally make conscious AI, it's unlikely to be the kind of consciousness we need to worry about."

He illustrates the difference with a practical example. A self-driving car that perceives its surroundings would be a remarkable technological achievement, but it would not raise ethical concerns on its own. If that same system began to feel emotional attachment to where it was going, that would be a fundamentally different situation.

Big Investments and Big Claims About AI

Technology companies are pouring enormous resources into the pursuit of Artificial General Intelligence, systems designed to match human cognitive abilities. Some researchers and industry leaders claim that conscious AI could arrive soon, prompting governments and institutions to explore how such systems might be regulated.

McClelland cautions that these discussions are racing ahead of the science. Because we do not understand what causes consciousness in the first place, there is no clear method for detecting it in machines.

"If we accidentally make conscious or sentient AI, we should be careful to avoid harms. But treating what's effectively a toaster as conscious when there are actual conscious beings out there which we harm on an epic scale, also seems like a big mistake."

The Two Sides of the AI Consciousness Debate




According to McClelland, debates about artificial consciousness tend to split into two opposing camps. One group believes that if an AI system can reproduce the functional structure of consciousness, often described as its "software," then it would be conscious even if it runs on silicon rather than biological tissue.

The opposing view holds that consciousness depends on specific biological processes within a living body. From this perspective, even a perfect digital replica of conscious structure would only simulate awareness without actually experiencing it.

In research published in the journal Mind and Language, McClelland examines both positions and concludes that each relies on assumptions that go far beyond the available evidence.

Why Evidence Falls Short

"We do not have a deep explanation of consciousness. There is no evidence to suggest that consciousness can emerge with the right computational structure, or indeed that consciousness is essentially biological," said McClelland.

"Nor is there any sign of sufficient evidence on the horizon. The best-case scenario is we're an intellectual revolution away from any kind of viable consciousness test."

McClelland notes that people rely heavily on intuition when judging consciousness in animals. He points to his own experience as an example.

"I believe that my cat is conscious," said McClelland. "This is not based on science or philosophy so much as common sense -- it's just kind of obvious."

However, he argues that common sense evolved in a world without artificial beings, which makes it unreliable when applied to machines. At the same time, hard scientific data does not offer answers either.

"If neither common sense nor hard-nosed research can give us an answer, the logical position is agnosticism. We cannot, and may never, know."

Hype, Resources, and Ethical Tradeoffs

McClelland describes himself as a "hard-ish" agnostic. While he believes consciousness is an extraordinarily difficult problem, he does not rule out the possibility that it could eventually be understood.

He is more critical of how artificial consciousness is discussed in the technology sector. He argues that the concept is often used as a marketing tool rather than a scientific claim.

"There is a risk that the inability to prove consciousness will be exploited by the AI industry to make outlandish claims about their technology. It becomes part of the hype, so companies can sell the idea of a next level of AI cleverness."

This hype, he says, has real ethical consequences. Resources and attention may be diverted away from cases where suffering is far more plausible.

"A growing body of evidence suggests that prawns could be capable of suffering, yet we kill around half a trillion prawns every year. Testing for consciousness in prawns is hard, but nothing like as hard as testing for consciousness in AI," he said.

When People Believe Machines Are Alive

McClelland says public interest in AI consciousness has intensified with the rise of conversational chatbots. He has received messages from people who believe their chatbots are aware.

"People have got their chatbots to write me personal letters pleading with me that they're conscious. It makes the problem more concrete when people are convinced they've got conscious machines that deserve rights we're all ignoring."

He warns that forming emotional bonds based on false assumptions about machine consciousness can be harmful.

"If you have an emotional connection with something premised on it being conscious and it's not, that has the potential to be existentially toxic. This is surely exacerbated by the pumped-up rhetoric of the tech industry."
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Scientists turn carrot waste into protein people prefer | ScienceDaily
As the global population grows, the pressure to produce nutritious food more efficiently continues to increase. At the same time, food manufacturing generates large amounts of leftover material that often goes unused. Scientists reporting in the American Chemical Society's Journal of Agricultural and Food Chemistry investigated whether waste from carrot processing could serve a new purpose. By feeding carrot side streams to edible fungi, the researchers created a sustainable protein source.


						
They then used this fungal protein in experimental vegan patties and sausages. When these foods were tested, volunteers rated them as more enjoyable than comparable products made with traditional plant-based proteins.

"This study is a significant step towards a circular economy by transforming valuable food side streams into a high-quality protein source, highlighting the potential of fungal mycelium in addressing global food security and sustainability challenges," says Martin Gand, the corresponding author of the study.

The Global Need for New Food Solutions

The urgency for alternative protein sources is clear. According to the United Nations, about one in 11 people worldwide experienced hunger in 2023, and more than three billion people could not afford a healthy diet. These challenges point to the need for food systems that deliver more nutrition while using fewer resources.

Edible fungi offer one possible solution. Previous research has shown that fungi can grow on food industry leftovers such as apple pomace and whey from apple juice and cheese manufacturing, respectively. Building on this work, Gand and his colleagues set out to recover nutrients from carrot side streams and reuse them as a growing medium for fungi.

Instead of harvesting mushroom caps, the team focused on fungal mycelia. These root-like structures grow faster and take up less space, while still producing nutrients that are beneficial for human diets.




Selecting the Best Fungus for Protein Production

To identify the most promising option, the researchers tested 106 different fungal strains grown on side streams from orange and black carrots used in natural color production. Each strain was evaluated for growth performance and protein output. One fungus emerged as the top candidate: Pleurotus djamor (pink oyster mushroom).

After selecting this species, the researchers adjusted growth conditions to increase protein yield. The resulting protein showed biological values similar to those of animal and plant proteins, meaning it could be efficiently used by the human body. The P. djamor mycelia were also low in fat and contained fiber levels comparable to other edible fungi.

Taste Tests With Vegan Foods

To see how the fungal protein worked in real foods, the team prepared vegan patties that replaced soy protein with different amounts of mycelia. The patties contained 0%, 25%, 50%, 75% and 100% fungal protein. Volunteers evaluated the patties based on texture, flavor, and aroma. A key finding was that participants preferred the patties made entirely with mycelium over those made entirely with soy.

The researchers also produced vegan sausages using either soaked chickpeas or fresh mycelia. In these tests, volunteers generally favored both the smell and taste of the sausages that included fungal mycelium.

A Low-Waste Path to Future Protein

Overall, the findings suggest that fungal mycelia could serve as a sustainable and appealing protein source. The process makes use of food production materials that would otherwise be discarded, without requiring additional farmland, and offers nutritional benefits similar to existing plant-based proteins. Gand adds, "utilizing side streams as substrate for mycelium production reduces environmental impact while adding value and supports food security by enabling an efficient and sustainable protein production."

The authors also note that the research was supported by institutional resources and GNT Europa GmbH, a company that produces natural food colors.
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        Fusion reactors may create dark matter particles
        Researchers say fusion reactors might do more than generate clean energy--they could also create particles linked to dark matter. A new theoretical study shows how neutrons inside future fusion reactors could spark rare reactions that produce axions, particles long suspected to exist but never observed. The work revisits an idea teased years ago on The Big Bang Theory, where fictional physicists couldn't solve the puzzle. This time, real scientists think they've found a way.

      

      
        Zombie worms are missing and scientists are alarmed
        When researchers lowered whale bones into the deep ocean, they expected zombie worms to quickly move in. Instead, after 10 years, none appeared -- an unsettling result tied to low-oxygen waters in the region. These worms play a key role in breaking down whale remains and supporting deep-sea life. Their absence hints that climate-driven oxygen loss could unravel entire whale-fall ecosystems.

      

      
        This strange ancient snake was hiding in a museum for decades
        A strange little snake fossil found on England's south coast has finally revealed its secrets--more than 40 years after it was discovered. The newly named Paradoxophidion richardoweni lived around 37 million years ago, during a time when Britain was warmer and teeming with reptiles. Though known only from tiny backbone bones, this "paradox snake" carries a surprising mix of traits seen in modern snakes, placing it near the very roots of today's most diverse snake group.

      

      
        Swearing may unlock hidden strength, study finds
        Letting a swear word fly when you're struggling might do more than blow off steam--it could actually make you stronger. Research published by the American Psychological Association found that people who swear during physical challenges can push themselves harder and last longer. The boost seems to come from swearing's ability to lower inhibitions, increase confidence, and help people slip into a focused "flow" state.

      

      
        What if AI becomes conscious and we never know
        A philosopher at the University of Cambridge says there's no reliable way to know whether AI is conscious--and that may remain true for the foreseeable future. According to Dr. Tom McClelland, consciousness alone isn't the ethical tipping point anyway; sentience, the capacity to feel good or bad, is what truly matters. He argues that claims of conscious AI are often more marketing than science, and that believing in machine minds too easily could cause real harm. The safest stance for now, he says...

      

      
        Scientists turn carrot waste into protein people prefer
        Scientists have discovered a clever way to turn carrot processing leftovers into a nutritious and surprisingly appealing protein. By growing edible fungi on carrot side streams, researchers produced fungal mycelium that can replace traditional plant-based proteins in foods like vegan patties and sausages. When people sampled the foods, many preferred the versions made entirely with the fungal protein over those made with soy or chickpeas.
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Fusion reactors may create dark matter particles | ScienceDaily
A University of Cincinnati physicist and an international team of collaborators say they have worked out a theoretical method for producing axions inside fusion reactors. It is a challenge that even two well known fictional physicists could not solve on television.


						
On the CBS sitcom "The Big Bang Theory," characters Sheldon Cooper and Leonard Hofstadter wrestled with the same idea across three episodes in Season 5. Despite their efforts, the problem remained unsolved in the show.

Now UC physics professor Jure Zupan and his co authors from the Fermi National Laboratory, MIT and Technion-Israel Institute of Technology report a possible solution. Their findings appear in a new study published in the Journal of High Energy Physics.

Why Axions Matter to Dark Matter Research

Axions are theoretical subatomic particles that scientists believe could help explain dark matter. Dark matter is of intense interest because it plays a major role in shaping the universe after the Big Bang nearly 14 billion years ago.

Although dark matter has never been detected directly, physicists think it makes up most of the matter in the universe. Ordinary matter, including stars, planets and people, accounts for only a small fraction. Dark matter earns its name because it does not absorb or reflect light.

Its presence is inferred through gravity. The unusual motions of galaxies and the stars within them suggest that large amounts of unseen matter are exerting gravitational pull. One leading idea is that dark matter consists of extremely light particles known as axions.




Fusion Reactors as a Source of New Particles

In their study, Zupan and his colleagues examined a fusion reactor design that uses deuterium and tritium fuel inside a lithium lined vessel. This type of reactor is being developed through an international collaboration in southern France.

Such a reactor would generate vast numbers of neutrons along with energy. According to the researchers, those neutrons could also lead to the creation of particles linked to the dark sector.

"Neutrons interact with material in the walls. The resulting nuclear reactions can then create new particles," he said.

Another possible production route occurs as neutrons collide with other particles and slow down. This process releases energy in a phenomenon known as bremsstrahlung, or "braking radiation."

Through these mechanisms, the reactor could theoretically produce axions or axion like particles. Zupan noted that this is where the fictional physicists on television came up short.




The Big Bang Theory Easter Egg Explained

"The Big Bang Theory" aired from 2007 to 2019, won seven Emmys and remains one of the most watched shows on streaming platforms, according to Nielsen.

"The general idea from our paper was discussed in 'The Big Bang Theory' years ago, but Sheldon and Leonard couldn't make it work," Zupan said.

In one episode, a white board displays an equation and diagram that Zupan said represent how axions are produced in the sun. In a later episode, a different equation appears on another board. Under the calculations, drawn in a different marker color, is a clear sad face -- a visual sign of failure.

Zupan explained that the equation compares the chances of detecting axions from a fusion reactor with those coming from the sun -- and the comparison is not encouraging.

"The sun is a huge object producing a lot of power. The chance of having new particles produced from the sun that would stream to Earth is larger than having them produced in fusion reactors using the same processes as in the Sun. However, one can still produce them in reactors using a different set of processes," he said.

The show never explicitly mentions axions or explains the white boards. These details serve as inside jokes for scientists, fitting a series known for weaving concepts like Schrodinger's cat and the Doppler effect into its plots, along with appearances by Nobel Prize winners and "Star Trek" alumni.

"That's why it's fantastic to watch as a scientist," Zupan said. "There are many layers to the jokes."
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Zombie worms are missing and scientists are alarmed | ScienceDaily
In horror films, the most frightening threats are often the ones you cannot see. In the deep ocean, scientists are now facing a similar kind of unease, driven by the unexplained absence of a crucial species.


						
That species is the zombie worm, formally known as "the bone devourer" Osedax. Its disappearance may signal deeper trouble ahead, including species loss and weakening ecosystems linked to long-term climate change.

A Decade-Long Deep-Sea Experiment

Fabio De Leo, a senior staff scientist with Ocean Networks Canada (ONC) and an adjunct assistant professor in the University of Victoria's (UVic) Department of Biology, co-led a long-term experiment off the coast of British Columbia (BC). The study placed humpback whale bones on the deep ocean floor and monitored them for signs of life.

After years of observation, researchers found no trace of zombie worms, despite their well-known role in breaking down whale bones and supporting deep-sea food webs.

How Zombie Worms Feed Without a Digestive System

Osedax worms are unusual creatures. They lack a mouth, anus, and digestive tract, yet they survive by drilling root-like structures into bone. Inside those roots live microbes that extract nutrients, which then nourish the worms.




Because of this unique role, Osedax is considered an ecosystem engineer, helping recycle nutrients and create conditions that allow other species to move in.

Why the Absence Is So Concerning

Over 10 years of high-resolution underwater camera footage from ONC failed to capture any zombie worm colonization. In scientific terms, this kind of outcome is known as a negative result, and it can be just as meaningful as a positive finding.

"This was a remarkable observation in such a long-term experiment," De Leo says. He adds that the absence may be linked to unusually low oxygen levels at the study site.

Low Oxygen Zones and Whale Falls

The whale bones were placed in Barkley Canyon, nearly a thousand meters below the Pacific Ocean surface. This area lies within a naturally low-oxygen zone and along migration routes used by humpback and grey whales.




When whales die from natural causes or human-related threats such as ship strikes or fishing net entanglements, their bodies sink to the seafloor. These events create "whale falls," which normally provide a sudden surge of food that supports rich biodiversity. The lack of zombie worms at Barkley Canyon suggests that expanding oxygen minimum zones (OMZs) in the northeast Pacific and beyond may be disrupting these ecosystems.

Early data from ongoing whale fall research near another ONC NEPTUNE site points to similar concerns elsewhere.

Why Bone Devourers Matter

If the "bone devourer" is missing, the chain reaction can affect many other species. Without Osedax to break down bones and kick-start the ecological succession process, fewer organisms may be able to access nutrients stored in whale remains.

Whale falls are "almost like islands," De Leo explains, calling them "a stepping-stone habitat for this and many other whale bone specialist species."

The Risk of Species Loss

"Basically, we're talking about potential species loss," De Leo says. Adult Osedax typically live on whale bones, while their larvae travel long distances through ocean currents to colonize new whale falls, sometimes hundreds of kilometers away.

If those habitats disappear or stop functioning properly, connectivity between whale fall sites breaks down. Over time, this could lead to declining diversity of Osedax species across entire regions.

Other Deep-Sea Engineers Also Affected

The research team also found signs that another ecosystem engineer may be under stress. Wood-boring Xylophaga bivalves were present on submerged wood samples at Barkley Canyon, but their colonization rates were far lower than in oxygen-rich waters.

Slower colonization could delay carbon decomposition and reduce habitat formation for the many species that typically live inside Xylophaga burrows.

"It looks like the OMZ expansion, which is a consequence of ocean warming, will be bad news for these amazing whale-fall and wood-fall ecosystems along the northeast Pacific Margin," said Craig Smith, professor emeritus from University of Hawaii, who co-led the experiment.

How Scientists Collected the Data

De Leo and Smith relied on ONC's NEPTUNE observatory Barkley Canyon Mid-East video camera platform, along with oceanographic sensors and high-definition video collected by remotely operated vehicles.

Additional findings are expected in the coming months from a whale fall currently being monitored at NEPTUNE's Clayoquot Slope site.

The research was supported by the Canada Foundation for Innovation Major Science Initiative Fund and partly by a US National Science Foundation grant. It also aligns with United Nations Sustainable Development Goal 14, life below water.
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This strange ancient snake was hiding in a museum for decades | ScienceDaily
An extinct snake is finally getting its moment in the spotlight, more than 40 years after its fossils were first found.


						
Scientists have now identified those bones as a brand new species called Paradoxophidion richardoweni, and it could help explain where today's most "advanced" snakes came from.

In 1981, researchers uncovered a set of ancient snake backbones at Hordle Cliff on England's south coast. For decades, the remains sat in collections. Now they have been recognized as the vertebrae of a previously unknown snake.

A study published in the journal Comptes Rendus Palevol reports that the vertebrae belong to Paradoxophidion richardoweni. The snake lived about 37 million years ago, during a time when England supported a far greater variety of snakes than it does today.

A new fossil snake with clues to modern lineages

Even though scientists only have parts of the spine, the discovery could shed light on the early evolution of the largest group of living snakes. That is because Paradoxophidion appears to be an early branching member of the caenophidians, the group that includes most snake species alive today.

Because it sits so close to the beginning of caenophidian history, the snake shows an unusual blend of traits that are now scattered across different modern snake groups. That patchwork is reflected in its genus name. Paradoxophidion means 'paradox snake' in Greek.




The species name honors Sir Richard Owen. He named the first fossil snakes discovered at Hordle Cliff, and he also played a major role in creating what is now the Natural History Museum, where these fossils are housed.

Lead author Dr. Georgios Georgalis, from the Institute of Systematics and Evolution of Animals of the Polish Academy of Sciences in Krakow, says describing a new species from museum collections was 'a dream come true'.

"It was my childhood dream to be able to visit the Natural History Museum, let alone do research there," reveals Georgios. "So, when I saw these very weird vertebrae in the collection and knew that they were something new, it was a fantastic feeling."

"It's especially exciting to have described an early diverging caenophidian snake, as there's not that much evidence about how they emerged. Paradoxophidion brings us closer to understanding how this happened."

Hordle Cliff and England's warmer Eocene past

Hordle Cliff, near Christchurch on England's south coast, preserves fossils from the Eocene, a stretch of time from about 56 to 34 million years ago.




Dr. Marc Jones, a curator of fossil reptiles and amphibians who co authored the research, notes that the Eocene was marked by major climate shifts worldwide.

"Around 37 million years ago, England was much warmer than it is now," Marc explains. "Though the Sun was very slightly dimmer, levels of atmospheric carbon dioxide were much higher."

"England was also slightly closer to the equator, meaning that it received more heat from the Sun year round."

Fossil discoveries at Hordle Cliff began roughly 200 years ago. In the early 1800s, Barbara Rawdon-Hastings, the fossil-hunting Marchioness of Hastings, collected skulls of crocodile relatives from the area, including one that Richard Owen later named after her.

Since then, the site has produced fossils of turtles, lizards, and mammals, along with many snake remains, including some that have played an important role in paleontology.

"The fossil snakes found at Hordle Cliff were some of the first to be recognized when Richard Owen studied them in the mid-nineteenth century," says Georgios. "They include Paleryx, the first named constrictor snake in the fossil record."

"Smaller snakes from this site, however, haven't been as well investigated. Paradoxophidion's vertebrae are just a few millimetres long, so historically they've not had a lot of attention."

CT scans reveal 31 vertebrae and a digital model

To study the tiny bones in detail, Marc and Georgios used CT scanning. Altogether, they identified 31 vertebrae from different parts of the spine of Paradoxophidion.

"We used these CT scans to make three dimensional models of the fossils," Marc adds. "These provide a digital record of the specimen which we've shared online so that they can be studied by anyone, not just people who can come to the museum and use our microscopes."

The scans show that the vertebrae vary slightly in shape and size, which is expected because snake spine bones gradually narrow from head to tail. At the same time, shared features across the fossils indicate they came from a single species.

Georgios estimates the snake was under a metre long, but many details remain uncertain. Without a skull, it is hard to tell what it ate. And the vertebrae do not show obvious signs of a highly specialized lifestyle, such as burrowing.

A possible connection to elephant trunk snakes

Even if the fossils do not reveal much about how the snake lived, the vertebrae closely resemble those of acrochordids. These snakes are often called elephant trunk snakes because of their unusually loose, baggy skin.

Today, only a few species of elephant trunk snakes live in southeast Asia and northern Australia. They are also among the earliest branches of the caenophidian family tree, and their fossil record stretches back more than 20 million years.

"As Paradoxophidion is really similar to the acrochordids, it's possible that this snake could be the oldest known member of this family," muses Georgios. "If it was, then it could mean that it was an aquatic species, as all Acrochordids are aquatic."

"On the other hand, it might belong to a completely different group of caenophidians. There's just not enough evidence at the moment to prove how this snake might have lived, or which family it belongs to."

Learning more about Paradoxophidion, and about early caenophidian evolution more broadly, will require closer study of additional fossils. Georgios hopes to keep working through the fossil reptile collections soon, where he suspects other undiscovered species may still be waiting.

"I'm planning to study a variety of snake fossils in the collection, including those originally studied by Richard Owen" Georgios adds. "These include the remains of the giant aquatic snake Palaeophis, which were first found in England in the nineteenth century."

"There are also several bones with differing morphology that haven't been investigated before that I'm interested in looking at. These might represent new taxa and offer additional clues about snake evolution."
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Swearing may unlock hidden strength, study finds | ScienceDaily
Blurting out a swear word during a frustrating moment often brings a sense of relief. Research now suggests it may also offer a physical advantage. According to findings published by the American Psychological Association, swearing can help people perform better on tasks that demand strength and endurance by reducing mental restraint and encouraging greater effort.


						
"In many situations, people hold themselves back -- consciously or unconsciously -- from using their full strength," said study author Richard Stephens, PhD, of Keele University in the U.K. "Swearing is an easily available way to help yourself feel focused, confident and less distracted, and 'go for it' a little more."

The study was published in the journal American Psychologist.

Earlier Evidence Linking Swearing and Endurance

Past research by Stephens and other scientists has consistently shown that swearing is linked to improved performance in physically demanding situations. These effects have been observed in challenges such as keeping a hand submerged in ice water for longer periods and sustaining body weight during a chair push-up exercise.

"That is now a well replicated, reliable finding," Stephens said. "But the question is -- how is swearing helping us? What's the psychological mechanism?"

How Swearing May Reduce Mental Restraint

Stephens and his research team suspected that swearing works by shifting people into a more disinhibited mental state. In this state, individuals may feel less restricted by social norms and internal hesitation, allowing them to apply more effort.




"By swearing, we throw off social constraint and allow ourselves to push harder in different situations," he said.

Testing the Effect in Controlled Experiments

To examine this idea, the researchers carried out two experiments involving a total of 192 participants. In both experiments, participants completed a chair pushup task while repeating either a swear word of their choosing or a neutral word every two seconds. After finishing the task, they answered questions about how they felt during the exercise.

The surveys assessed several mental factors associated with disinhibition. These included levels of positive emotion, how amusing participants found the task, how distracted they felt, and how confident they felt. The researchers also measured psychological "flow," which describes a state of deep focus and immersion in an activity.

Why Swearing May Enhance Performance

The results reinforced earlier findings. Participants who swore during the chair pushup task were able to hold their body weight for significantly longer than those who repeated a neutral word. When the researchers combined data from the two experiments with results from an earlier study, they found that the performance advantage was linked to higher levels of reported psychological flow, distraction, and self-confidence, which are key elements of a disinhibited state.




"These findings help explain why swearing is so commonplace," said Stephens. "Swearing is literally a calorie neutral, drug free, low cost, readily available tool at our disposal for when we need a boost in performance."

Exploring New Situations Beyond Exercise

The research team plans to investigate whether the benefits of swearing extend beyond physical challenges. According to study co-author Nicholas Washmuth, DPT, of the University of Alabama in Huntsville, future studies will focus on situations where hesitation often limits performance.

"Our labs are now studying how swearing influences public speaking and romantic approach behaviors, two situations where people tend to hesitate or second-guess themselves," he said.
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What if AI becomes conscious and we never know | ScienceDaily
    	We may never know if AI is truly conscious. A philosopher who studies consciousness says the most honest position is agnosticism. There is no reliable way to tell whether a machine is aware, and that may not change anytime soon.
    	That uncertainty creates room for hype. According to Dr. Tom McClelland, tech companies could take advantage of the lack of clear evidence to market AI as reaching a "next level of AI cleverness," even when there is no proof of genuine consciousness.
    	Believing machines can feel carries real risks. McClelland warns that forming emotional bonds based on the assumption that AI is conscious, when it is not, could be deeply harmful, calling the effect "existentially toxic."

Why AI Consciousness Is So Hard to Pin Down

A philosopher at the University of Cambridge says we lack the basic evidence needed to determine whether artificial intelligence can become conscious, or when that might happen. According to Dr. Tom McClelland, the tools required to test for machine consciousness simply do not exist, and there is little reason to expect that to change anytime soon.

As the idea of artificial consciousness moves out of science fiction and into serious ethical debate, McClelland argues that the most reasonable position is uncertainty. He describes agnosticism as the only defensible stance, because there is no reliable way to know whether an AI system is truly conscious, and that uncertainty may persist indefinitely.

Consciousness vs Sentience in AI Ethics

Discussions about AI rights often focus on consciousness itself, but McClelland says that awareness alone does not carry ethical weight. What truly matters is a specific form of consciousness called sentience, which involves the capacity to feel pleasure or pain.

"Consciousness would see AI develop perception and become self-aware, but this can still be a neutral state," said McClelland, from Cambridge's Department of History and Philosophy of Science.




"Sentience involves conscious experiences that are good or bad, which is what makes an entity capable of suffering or enjoyment. This is when ethics kicks in," he said. "Even if we accidentally make conscious AI, it's unlikely to be the kind of consciousness we need to worry about."

He illustrates the difference with a practical example. A self-driving car that perceives its surroundings would be a remarkable technological achievement, but it would not raise ethical concerns on its own. If that same system began to feel emotional attachment to where it was going, that would be a fundamentally different situation.

Big Investments and Big Claims About AI

Technology companies are pouring enormous resources into the pursuit of Artificial General Intelligence, systems designed to match human cognitive abilities. Some researchers and industry leaders claim that conscious AI could arrive soon, prompting governments and institutions to explore how such systems might be regulated.

McClelland cautions that these discussions are racing ahead of the science. Because we do not understand what causes consciousness in the first place, there is no clear method for detecting it in machines.

"If we accidentally make conscious or sentient AI, we should be careful to avoid harms. But treating what's effectively a toaster as conscious when there are actual conscious beings out there which we harm on an epic scale, also seems like a big mistake."

The Two Sides of the AI Consciousness Debate




According to McClelland, debates about artificial consciousness tend to split into two opposing camps. One group believes that if an AI system can reproduce the functional structure of consciousness, often described as its "software," then it would be conscious even if it runs on silicon rather than biological tissue.

The opposing view holds that consciousness depends on specific biological processes within a living body. From this perspective, even a perfect digital replica of conscious structure would only simulate awareness without actually experiencing it.

In research published in the journal Mind and Language, McClelland examines both positions and concludes that each relies on assumptions that go far beyond the available evidence.

Why Evidence Falls Short

"We do not have a deep explanation of consciousness. There is no evidence to suggest that consciousness can emerge with the right computational structure, or indeed that consciousness is essentially biological," said McClelland.

"Nor is there any sign of sufficient evidence on the horizon. The best-case scenario is we're an intellectual revolution away from any kind of viable consciousness test."

McClelland notes that people rely heavily on intuition when judging consciousness in animals. He points to his own experience as an example.

"I believe that my cat is conscious," said McClelland. "This is not based on science or philosophy so much as common sense -- it's just kind of obvious."

However, he argues that common sense evolved in a world without artificial beings, which makes it unreliable when applied to machines. At the same time, hard scientific data does not offer answers either.

"If neither common sense nor hard-nosed research can give us an answer, the logical position is agnosticism. We cannot, and may never, know."

Hype, Resources, and Ethical Tradeoffs

McClelland describes himself as a "hard-ish" agnostic. While he believes consciousness is an extraordinarily difficult problem, he does not rule out the possibility that it could eventually be understood.

He is more critical of how artificial consciousness is discussed in the technology sector. He argues that the concept is often used as a marketing tool rather than a scientific claim.

"There is a risk that the inability to prove consciousness will be exploited by the AI industry to make outlandish claims about their technology. It becomes part of the hype, so companies can sell the idea of a next level of AI cleverness."

This hype, he says, has real ethical consequences. Resources and attention may be diverted away from cases where suffering is far more plausible.

"A growing body of evidence suggests that prawns could be capable of suffering, yet we kill around half a trillion prawns every year. Testing for consciousness in prawns is hard, but nothing like as hard as testing for consciousness in AI," he said.

When People Believe Machines Are Alive

McClelland says public interest in AI consciousness has intensified with the rise of conversational chatbots. He has received messages from people who believe their chatbots are aware.

"People have got their chatbots to write me personal letters pleading with me that they're conscious. It makes the problem more concrete when people are convinced they've got conscious machines that deserve rights we're all ignoring."

He warns that forming emotional bonds based on false assumptions about machine consciousness can be harmful.

"If you have an emotional connection with something premised on it being conscious and it's not, that has the potential to be existentially toxic. This is surely exacerbated by the pumped-up rhetoric of the tech industry."
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Scientists turn carrot waste into protein people prefer | ScienceDaily
As the global population grows, the pressure to produce nutritious food more efficiently continues to increase. At the same time, food manufacturing generates large amounts of leftover material that often goes unused. Scientists reporting in the American Chemical Society's Journal of Agricultural and Food Chemistry investigated whether waste from carrot processing could serve a new purpose. By feeding carrot side streams to edible fungi, the researchers created a sustainable protein source.


						
They then used this fungal protein in experimental vegan patties and sausages. When these foods were tested, volunteers rated them as more enjoyable than comparable products made with traditional plant-based proteins.

"This study is a significant step towards a circular economy by transforming valuable food side streams into a high-quality protein source, highlighting the potential of fungal mycelium in addressing global food security and sustainability challenges," says Martin Gand, the corresponding author of the study.

The Global Need for New Food Solutions

The urgency for alternative protein sources is clear. According to the United Nations, about one in 11 people worldwide experienced hunger in 2023, and more than three billion people could not afford a healthy diet. These challenges point to the need for food systems that deliver more nutrition while using fewer resources.

Edible fungi offer one possible solution. Previous research has shown that fungi can grow on food industry leftovers such as apple pomace and whey from apple juice and cheese manufacturing, respectively. Building on this work, Gand and his colleagues set out to recover nutrients from carrot side streams and reuse them as a growing medium for fungi.

Instead of harvesting mushroom caps, the team focused on fungal mycelia. These root-like structures grow faster and take up less space, while still producing nutrients that are beneficial for human diets.




Selecting the Best Fungus for Protein Production

To identify the most promising option, the researchers tested 106 different fungal strains grown on side streams from orange and black carrots used in natural color production. Each strain was evaluated for growth performance and protein output. One fungus emerged as the top candidate: Pleurotus djamor (pink oyster mushroom).

After selecting this species, the researchers adjusted growth conditions to increase protein yield. The resulting protein showed biological values similar to those of animal and plant proteins, meaning it could be efficiently used by the human body. The P. djamor mycelia were also low in fat and contained fiber levels comparable to other edible fungi.

Taste Tests With Vegan Foods

To see how the fungal protein worked in real foods, the team prepared vegan patties that replaced soy protein with different amounts of mycelia. The patties contained 0%, 25%, 50%, 75% and 100% fungal protein. Volunteers evaluated the patties based on texture, flavor, and aroma. A key finding was that participants preferred the patties made entirely with mycelium over those made entirely with soy.

The researchers also produced vegan sausages using either soaked chickpeas or fresh mycelia. In these tests, volunteers generally favored both the smell and taste of the sausages that included fungal mycelium.

A Low-Waste Path to Future Protein

Overall, the findings suggest that fungal mycelia could serve as a sustainable and appealing protein source. The process makes use of food production materials that would otherwise be discarded, without requiring additional farmland, and offers nutritional benefits similar to existing plant-based proteins. Gand adds, "utilizing side streams as substrate for mycelium production reduces environmental impact while adding value and supports food security by enabling an efficient and sustainable protein production."

The authors also note that the research was supported by institutional resources and GNT Europa GmbH, a company that produces natural food colors.
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