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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.


      
        Nearby super-Earth may be our best chance yet to find alien life
        A newly detected super-Earth just 20 light-years away is giving scientists one of the most promising chances yet to search for life beyond our solar system. The discovery of the exoplanet orbiting in the habitable zone of its star was made possible by advanced spectrographs designed at Penn State and by decades of observations from telescopes around the world.

      

      
        Wild new "gyromorph" materials could make computers insanely fast
        Researchers engineered "gyromorphs," a new type of metamaterial that combines liquid-like randomness with large-scale structural patterns to block light from every direction. This innovation solves longstanding limitations in quasicrystal-based designs and could accelerate advances in photonic computing.

      

      
        Nectar wars between bumble bees and invasive ants drain the hive
        Bumble bees battling invasive Argentine ants may win individual fights but ultimately lose valuable foraging time, putting pressure on colonies already strained by habitat loss, disease, and pesticides. New research shows bees often avoid ant-occupied feeders, and while their size helps them win one-on-one clashes, these encounters trigger prolonged aggression that keeps them from collecting food.

      

      
        Your anxiety may be controlled by hidden immune cells in the brain
        Researchers have uncovered surprising evidence that anxiety may be controlled not by neurons but by two dueling groups of immune cells inside the brain. These microglia act like biological pedals--one pushing anxiety forward and the other holding it back.

      

      
        A fierce crocodile ancestor that hunted before dinosaurs has been found
        Scientists have identified a new crocodile precursor that looked deceptively dinosaur-like and hunted with speed and precision. Named Tainrakuasuchus bellator, the armored "warrior" lived 240 million years ago and occupied a powerful niche in the Triassic food chain. Its fossils reveal deep evolutionary links between South America and Africa. The find sheds light on a vibrant ecosystem that existed just before dinosaurs emerged.

      

      
        Cheap gout drug may slash heart attack and stroke risk
        Colchicine, a cheap and widely used gout drug, may help prevent heart attacks and strokes in people with cardiovascular disease. Trials involving nearly 23,000 patients show meaningful reductions in risk with low doses. Side effects were mostly mild and short-lived. Researchers say this overlooked drug could become an accessible prevention tool pending further study.

      

      
        Jupiter's wild youth may have reshaped the entire Solar System
        Simulations reveal that Jupiter's rapid growth disrupted the early solar system, creating rings where new planetesimals formed much later than expected. These late-forming bodies match the ages and chemistry of chondrite meteorites found on Earth. The findings also help explain why Earth and the other rocky planets remained near 1 AU rather than plunging inward.

      

      
        Smart drug strikes a hidden RNA weak point in cancer cells
        Researchers have designed a smart drug that hunts down and breaks a little-known RNA that cancer cells depend on. The drug recognizes a unique fold in the RNA and triggers the cell to destroy it. Tests showed that removing this RNA slows cancer growth. The approach could lead to new treatments that attack cancer at its most fundamental level.

      

      
        A 400-million-year-old plant creates water so weird it looks alien
        Researchers discovered that living horsetails act like natural distillation towers, producing bizarre oxygen isotope signatures more extreme than anything previously recorded on Earth--sometimes resembling meteorite water. By tracing these isotopic shifts from the plant base to its tip, scientists unlocked a new way to decode ancient humidity and climate, using both modern plants and fossilized phytoliths that preserve isotopic clues for millions of years.

      

      
        New study finds hidden diabetes danger in vaping
        Smoking, vaping, or using both products significantly increases the likelihood of developing prediabetes and diabetes, and the risk is even higher among Hispanic, Black, and low-income groups. Researchers found that vaping alone raises prediabetes risk, while combining cigarettes and e-cigarettes drives those odds up dramatically.

      

      
        New Neanderthal footprints in Portugal reveal a life we never expected
        Footprints preserved on ancient dunes show Neanderthals actively navigating, hunting, and living along Portugal's coastline. Their behavior and diet suggest a far more adaptable and socially complex population than once assumed.

      

      
        Strange microscopic structures found in Long COVID blood
        Scientists have discovered strange microscopic structures in the blood of people with Long COVID--clusters of tiny microclots tangled together with sticky immune webs known as neutrophil extracellular traps, or NETs. These combined structures show up far more often in Long COVID patients, where they appear larger, denser, and more stubborn than in healthy blood.

      

      
        A radical upgrade pushes quantum links 200x farther
        Scientists have developed a new way to build rare-earth crystals that boosts quantum coherence to tens of milliseconds. This leap could extend quantum communication distances from city blocks to entire continents. The method uses atom-by-atom construction for unprecedented material purity.

      

      
        Space dust reveals how fast the Arctic is changing
        Arctic sea ice is disappearing fast, and scientists have turned to an unexpected cosmic clue--space dust--to uncover how ice has changed over tens of thousands of years. By tracking helium-3-bearing dust trapped (or blocked) by ancient ice, researchers built a remarkably detailed history of Arctic coverage stretching back 30,000 years. Their findings reveal powerful links between sea ice, nutrient availability, and the Arctic food web, offering hints about how future warming may reshape everything ...

      

      
        Astronomers stunned by three Earth-sized planets orbiting two suns
        Scientists have identified three Earth-sized planets orbiting two stars in the TOI-2267 system. Remarkably, planets transit around both stars -- a first in astronomy. The system's compact, cold nature defies conventional theories of planetary formation. Future studies using JWST and other advanced telescopes could reveal what these worlds are truly made of.

      

      
        NASA's Webb finds life's building blocks frozen in a galaxy next door
        Astronomers using the James Webb Space Telescope have uncovered a trove of complex organic molecules frozen in ice around a young star in a neighboring galaxy -- including the first-ever detection of acetic acid beyond the Milky Way. Found in the Large Magellanic Cloud, these molecules formed under harsh, metal-poor conditions similar to those in the early universe, suggesting that the chemical precursors of life may have existed far earlier and in more diverse environments than previously imagine...

      

      
        Hidden household toxin triples liver disease risk, study finds
        Scientists have uncovered a new environmental culprit behind liver disease: tetrachloroethylene (PCE), a chemical used in dry cleaning and household products. The study found that people with PCE exposure were three times more likely to develop severe liver scarring, even when traditional risk factors like alcohol or obesity were absent. The chemical is widespread in air, water, and consumer goods, making it a stealthy threat to public health.

      

      
        Scientists just found a material that beats diamond at its own game
        Boron arsenide has dethroned diamond as the best heat conductor, thanks to refined crystal purity and improved synthesis methods. This discovery could transform next-generation electronics by combining record-breaking thermal conductivity with strong semiconductor properties.

      

      
        A 540-million-year-old fossil is rewriting evolution
        Over 500 million years ago, the Cambrian Period sparked an explosion of skeletal creativity. Salterella, a peculiar fossil, defied conventions by combining two different mineral-building methods. After decades of confusion, scientists have linked it to the cnidarian family. The find deepens our understanding of how animals first learned to build their own skeletons.

      

      
        Scientists find 15 gut bacteria that may drive heart disease
        Scientists in Seoul have uncovered 15 gut bacterial species linked to coronary artery disease, showing that microbes can influence heart health far beyond digestion. Their findings reveal how shifts in gut microbial function -- including inflammation, loss of protective species, and overactive metabolic pathways -- may drive disease progression. Intriguingly, even "good" bacteria like Faecalibacterium prausnitzii and Akkermansia muciniphila can become harmful under certain conditions.

      

      
        New study finds Ozempic and Mounjaro protect the heart too
        New research from the Technical University of Munich and Harvard Medical School reveals that popular GLP-1-based drugs, semaglutide (Ozempic) and tirzepatide (Mounjaro), not only promote weight loss but also significantly reduce the risk of heart attacks and strokes in patients with type 2 diabetes. Using real-world insurance data, the study found up to an 18% reduction in major cardiovascular events, confirming powerful heart-protective effects that appear to extend beyond weight control.

      

      
        Wegovy and Ozempic tied to dramatically lower cancer deaths
        GLP-1 drugs such as Ozempic and Wegovy may extend the lives of colon cancer patients, according to a major UC San Diego study. Patients on the medications had less than half the mortality rate of non-users. Researchers suspect the drugs' anti-inflammatory and metabolic effects contribute to improved outcomes. They're now calling for clinical trials to test whether these findings reflect a true anti-cancer mechanism.

      

      
        Earth is slowly peeling its continents from below, fueling ocean volcanoes
        Researchers discovered that continents don't just split at the surface--they also peel from below, feeding volcanic activity in the oceans. Simulations reveal that slow mantle waves strip continental roots and push them deep into the oceanic mantle. Data from the Indian Ocean confirms this hidden recycling process, which can last tens of millions of years.

      

      
        Scientists shocked as bumblebees learn to read simple "Morse code"
        In a first-of-its-kind study, scientists found that bumblebees can tell the difference between short and long light flashes, much like recognizing Morse code. The insects learned which signal led to a sweet reward, demonstrating an unexpected sense of timing. This ability may stem from a fundamental neural process, suggesting that even tiny brains have complex time-tracking mechanisms relevant to evolution and AI.

      

      
        What brain scans reveal about soccer fans' passion and rage
        Researchers scanning soccer fans' brains found that wins trigger bursts of reward activity while losses dampen control signals. The results show how loyalty and rivalry can override logic, turning competition into an emotional storm. The same brain circuits that fuel sports passion may also underlie political or social fanaticism. Early experiences, the study suggests, shape whether these circuits lead to healthy excitement or explosive reactions.

      

      
        Brain-like learning found in bacterial nanopores
        Scientists at EPFL have unraveled the mystery behind why biological nanopores, tiny molecular holes used in both nature and biotechnology, sometimes behave unpredictably. By experimenting with engineered versions of the bacterial pore aerolysin, they discovered that two key effects, rectification and gating, stem from the pore's internal electrical charges and their interaction with passing ions. The team even built nanopores that imitate brain-like "learning," hinting at future applications in b...

      

      
        AI revives lost 3,000-year-old Babylonian hymn
        Researchers have rediscovered a long-lost Babylonian hymn from 1000 BCE, using artificial intelligence to piece together fragments scattered across the world. The hymn glorifies ancient Babylon's beauty, prosperity, and inclusivity, even describing women's priestly roles -- a rarity in surviving texts. Once a school favorite, it now provides a rare glimpse into everyday life and beliefs of the city that once ruled the world.

      

      
        The rarest element on Earth could revolutionize cancer treatment
        Texas A&amp;M scientists have unlocked new potential for astatine-211, a rare and short-lived element, as a highly precise cancer-fighting isotope. Its alpha emissions destroy tumor cells while sparing healthy tissue, making it ideal for targeted therapy.

      

      
        Entangled spins give diamonds a quantum advantage
        UC Santa Barbara physicists have engineered entangled spin systems in diamond that surpass classical sensing limits through quantum squeezing. Their breakthrough enables next-generation quantum sensors that are powerful, compact, and ready for real-world use.

      

      
        Tiny implant wipes out bladder cancer in 82% of patients
        TAR-200, a small drug-releasing implant, wiped out tumors in most patients with high-risk bladder cancer. Its slow, consistent release of chemotherapy proved far more effective than traditional short-term treatments. The therapy may replace bladder removal surgery for many and has earned FDA Priority Review due to its impressive results.

      

      
        This 14th century story fooled the world about the Black Death
        Historians have traced myths about the Black Death's rapid journey across Asia to one 14th-century poem by Ibn al-Wardi. His imaginative maqama, never meant as fact, became the foundation for centuries of misinformation about how the plague spread. The new study exposes how fiction blurred with history and highlights how creative writing helped medieval societies process catastrophe.

      

      
        Astronomers just solved the mystery of "impossible" black holes
        New simulations suggest magnetic fields hold the key to forming black holes that defy known mass limits. When powerful magnetic forces act on a collapsing, spinning star, they eject vast amounts of material, creating smaller yet faster-spinning black holes. This process could explain the puzzling GW231123 collision and the existence of "forbidden" black holes.

      

      
        Scientists turn body fat into bone to heal spinal fractures
        Researchers in Osaka have found that stem cells from fat tissue can repair spinal fractures similar to those caused by osteoporosis. By turning these cells into bone-forming clusters and pairing them with a bone-rebuilding material, rats regained stronger, healthier spines. The approach could offer a safe, minimally invasive alternative for treating bone diseases in humans.

      

      
        Scientists uncover a hidden universal law limiting life's growth
        Japanese researchers uncovered a universal rule describing why life's growth slows despite abundant nutrients. Their "global constraint principle" integrates classic biological laws to show that multiple factors limit cellular growth in sequence. Verified through E. coli simulations, it provides a powerful new lens for studying living systems. The work could boost crop yields and biomanufacturing efficiency.

      

      
        Running on little sleep? You're twice as likely to get hurt
        Researchers found that runners who sleep poorly face nearly double the injury risk compared to those who rest well. The study highlights that sleep is not just recovery--it's a key factor in preventing injuries. They stress that runners should prioritize rest alongside training. Simple habits like consistent bedtimes and limiting screens can make a big difference.

      

      
        Clearing brain plaques isn't enough to heal Alzheimer's
        Japanese researchers found that lecanemab, an amyloid-clearing drug for Alzheimer's, does not improve the brain's waste clearance system in the short term. This implies that nerve damage and impaired clearance occur early and are difficult to reverse. Their findings underscore that tackling amyloid alone may not be enough to restore brain function, urging a broader approach to treatment.

      

      
        Scientists find brain chemical tied to trauma and depression
        Researchers identified SGK1 as a key chemical connecting childhood trauma to depression and suicidal behavior. High SGK1 levels were found in the brains of suicide victims and in people with genetic variants linked to early adversity. Drugs that block SGK1 could offer a new kind of antidepressant, especially for patients resistant to SSRIs.

      

      
        Goodbye cavities? This new toothpaste made from hair can heal enamel
        Scientists have found that keratin, the protein in hair and skin, can repair and protect tooth enamel. The material forms a mineralized layer that halts decay and restores strength, outperforming traditional fluoride. Made from sustainable sources like hair, it could soon be available in toothpaste or gels. The discovery could transform dentistry by turning waste into a powerful tool for regeneration.

      

      
        Hidden weakness makes prostate cancer self-destruct
        Researchers have discovered that prostate cancer depends on two key enzymes, PDIA1 and PDIA5, to survive and resist therapy. When blocked, these enzymes cause the androgen receptor to collapse, killing cancer cells and enhancing the effects of drugs like enzalutamide. They also disrupt the cancer's energy system, striking it on multiple fronts. This breakthrough could open a new path to overcoming drug resistance in advanced prostate cancer.

      

      
        A neutron star's weird wind rewrites space physics
        XRISM's observations of GX13+1 revealed a slow, fog-like wind instead of the expected high-speed blast, challenging existing models of radiation-driven outflows. The discovery hints that temperature differences in accretion discs may determine how energy shapes the cosmos.

      

      
        Physicists prove the Universe isn't a simulation after all
        New research from UBC Okanagan mathematically demonstrates that the universe cannot be simulated. Using Godel's incompleteness theorem, scientists found that reality requires "non-algorithmic understanding," something no computation can replicate. This discovery challenges the simulation hypothesis and reveals that the universe's foundations exist beyond any algorithmic system.

      

      
        New research finds no clear link between acetaminophen (Tylenol) and autism
        A sweeping review of existing studies finds no solid evidence that using acetaminophen (Tylenol) during pregnancy increases the risk of autism or ADHD in children. Researchers found that previous reviews often relied on weak or biased data, and most did not properly account for genetic or environmental factors shared by families. When these factors were considered, any apparent link between acetaminophen use and neurodevelopmental disorders largely disappeared.

      

      
        Archaeologists may have finally solved Peru's strange "Band of Holes" mystery
        In Peru's mysterious Pisco Valley, thousands of perfectly aligned holes known as Monte Sierpe have long puzzled scientists. New drone mapping and microbotanical analysis reveal that these holes may once have served as a bustling pre-Inca barter market--later transformed into an accounting system under the Inca Empire.

      

      
        Surprising heart study finds daily coffee may cut AFib risk by 39%
        New research finds that daily coffee drinking may cut AFib risk by nearly 40%, defying decades of medical caution. Scientists discovered that caffeine's effects on activity, blood pressure, and inflammation could all contribute to a healthier heart rhythm. The DECAF clinical trial's findings suggest coffee could be not only safe but beneficial for people with A-Fib.

      

      
        Vitamin D3 breakthrough halves risk of second heart attack
        Intermountain Health researchers discovered that customizing vitamin D3 doses for heart attack survivors slashed their risk of another heart attack by 50%. The strategy involved frequent monitoring and dose adjustments to reach ideal vitamin D levels. Traditional studies didn't track blood levels, missing this critical link.

      

      
        A hidden breathing problem may be behind chronic fatigue's crushing exhaustion
        Scientists have discovered that most chronic fatigue patients experience dysfunctional breathing, which may worsen their symptoms. The likely culprit is dysautonomia, a disruption in how the body controls blood vessels and muscles. Breathing retraining, yoga, or biofeedback could help restore proper breathing rhythm and ease fatigue. The findings open a promising new path for managing this long-misunderstood illness.

      

      
        Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life
        NASA's Cassini mission has revealed surprising heat flow at Enceladus' north pole, showing the moon releases energy from both ends. This balance of heat could allow its subsurface ocean to remain liquid for billions of years, supporting conditions for life. The study also refined estimates of ice thickness, giving scientists a clearer picture of where to search next.

      

      
        Meet the desert survivor that grows faster the hotter it gets
        In Death Valley's relentless heat, Tidestromia oblongifolia doesn't just survive--it thrives. Michigan State University scientists discovered that the plant can quickly adjust its photosynthetic machinery to endure extreme temperatures that would halt most species. Its cells reorganize, its genes switch on protective functions, and it even reshapes its chloroplasts to keep producing energy. The findings could guide the creation of crops capable of withstanding future heat waves.

      

      
        9,000-year-old ice melt shows how fast Antarctica can fall apart
        Around 9,000 years ago, East Antarctica went through a dramatic meltdown that was anything but isolated. Scientists have discovered that warm deep ocean water surged beneath the region's floating ice shelves, causing them to collapse and unleashing a domino effect of ice loss across the continent. This process created a "cascading positive feedback," where melting in one area sped up melting elsewhere through interconnected ocean currents.

      

      
        Life found in a place scientists thought impossible
        Deep beneath the ocean, scientists uncovered thriving microbial life in one of Earth's harshest environments--an area with a pH of 12, where survival seems nearly impossible. Using lipid biomarkers instead of DNA, researchers revealed how these microbes persist by metabolizing methane and sulfate. The discovery not only sheds light on deep-sea carbon cycling but also suggests that life may have originated in similar extreme conditions, offering a glimpse into both Earth's past and the limits of li...
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Nearby super-Earth may be our best chance yet to find alien life | ScienceDaily
A possible "super-Earth" located less than 20 light-years from Earth is giving researchers renewed optimism in the search for planets that might host life. The newly identified world, GJ 251 c, earned its "super-Earth" label because current data indicate it is almost four times the mass of Earth and is likely a rocky planet.


						
"We look for these types of planets because they are our best chance at finding life elsewhere," said Suvrath Mahadevan, the Verne M. Willaman Professor of Astronomy at Penn State and co-author of a recent paper in The Astronomical Journal. "The exoplanet is in the habitable or the 'Goldilocks Zone,' the right distance from its star that liquid water could exist on its surface, if it has the right atmosphere."

Two Decades of Observations Lead to Breakthrough

For many years, astronomers searching for planets capable of hosting liquid water have developed ever more advanced telescopes and modeling tools to detect extremely faint variations in starlight. According to Mahadevan, this new result arose from more than 20 years of observations and represents one of the strongest opportunities yet to investigate a potentially habitable world.

The exoplanet was identified using data from the Habitable-Zone Planet Finder (HPF), a high-precision near-infrared spectrograph that functions as a sophisticated prism to separate starlight into its components. The HPF is installed on the Hobby-Eberly Telescope at the McDonald Observatory in Texas, and Penn State researchers led its design and construction to support the search for Earth-like planets orbiting nearby stars.

"We call it the Habitable Zone Planet Finder, because we are looking for worlds that are at the right distance from their star that liquid water could exist on their surface. This has been the central goal of that survey," Mahadevan said. "This discovery represents one of the best candidates in the search for atmospheric signature of life elsewhere in the next five to ten years."

Detecting a Subtle Stellar Wobble

Mahadevan and his team studied a large set of measurements collected worldwide over two decades. Their analysis focused on the small but measurable "wobble" of the host star, GJ 251, caused by gravitational pulls from orbiting planets. These motions appear as slight Doppler shifts in the star's light.




They first refined measurements of a previously known inner planet, GJ 251 b, which completes an orbit every 14 days. By combining the long-term observations with new high-precision HPF data, the researchers detected a stronger signal repeating every 54 days, pointing to the presence of a more massive second planet. Additional confirmation came from the NEID spectrometer, another instrument built by Penn State researchers and operating at the Kitt Peak National Observatory in Arizona.

"We are at the cutting edge of technology and analysis methods with this system," said Corey Beard, corresponding author of the paper, who carried out the research while earning his doctorate in astrophysics at the University of California, Irvine. "We need the next generation of telescopes to directly image this candidate, but what we also need is community investment."

Overcoming Stellar Activity to Reveal Planetary Signals

One of the major difficulties in exoplanet detection is separating a planet's signal from the star's own magnetic activity, which Mahadevan compared to a form of stellar weather. Starspots and other surface features can mimic the periodic variations produced by orbiting planets, creating the illusion of a planetary presence. To distinguish between the two, the team used advanced modeling techniques that examine how signals behave across different colors of light.

"This is a hard game in terms of trying to beat down stellar activity as well as measuring its subtle signals, teasing out slight signals from what is essentially this frothing, magnetospheric cauldron of a star surface," Mahadevan said.

He noted that detecting planets like GJ 251 c depends not only on sophisticated equipment but also on complex analysis and international teamwork. Such projects require long-term funding and coordination because meaningful discoveries can take decades to emerge.




Collaboration and Advanced Tools Enable Discovery

"This discovery is a great example of the power of multi-disciplinary research at Penn State," said Eric Ford, distinguished professor of astronomy and astrophysics and director of research for Penn State's Institute of Computational & Data Sciences (ICDS). "Mitigating stellar activity noise required not just cutting-edge instrumentation and telescope access, but also customizing the data science methods for the specific needs of this star and combination of instruments. The combination of exquisite data and state-of-the art statistical methods enabled our interdisciplinary team to transform data into an exciting discovery that paves the way for future observatories to search for evidence of life beyond our solar system."

Although current technology cannot produce direct images of GJ 251 c, Mahadevan said that upcoming telescopes will be capable of examining the planet's atmosphere, potentially revealing chemical traces of life.

Preparing for Next-Generation Telescopes

"We are always focused on the future," he said. "Whether that's making sure the next generation of students can engage in cutting-edge research or designing and building new technology to detect potentially habitable planets."

GJ 251 c is situated in a position that future advanced telescopes will be able to study directly. Mahadevan and his students are already preparing for the era of 30-meter-class ground based telescopes, which will carry instruments capable of imaging rocky planets within their stars' habitable zones.

"While we can't yet confirm the presence of an atmosphere or life on GJ 251 c, the planet represents a promising target for future exploration," Mahadevan said. "We made an exciting discovery, but there's still much more to learn about this planet."

The U.S. National Science Foundation, NASA and the Heising-Simons Foundation supported the Penn State aspects of this research.
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Wild new "gyromorph" materials could make computers insanely fast | ScienceDaily
Researchers are exploring a new generation of computers that operate using light, or photons, instead of electrical currents. Systems that rely on light to store and process information could one day run far more efficiently and complete calculations much faster than conventional machines.


						
Light-driven computing is still at an early stage, and one of the main technical obstacles involves controlling tiny streams of light traveling through a chip. Rerouting these microscopic signals without weakening them requires carefully engineered materials. To keep signals strong, the hardware must include a lightweight substance that prevents stray light from entering from any direction. This type of material is known as an "isotropic bandgap material."

Discovery of Gyromorphs at NYU

Scientists at New York University have identified a new material called "gyromorphs" that meets this challenge more effectively than any other known structure. Gyromorphs combine features normally associated with liquids and crystals, yet they exceed both in their ability to block incoming light from all angles. The discovery, reported in Physical Review Letters, introduces a fresh strategy for tuning optical behavior and could help advance the development of photonic computers.

"Gyromorphs are unlike any known structure in that their unique makeup gives rise to better isotropic bandgap materials than is possible with current approaches," says Stefano Martiniani, an assistant professor of physics, chemistry, mathematics and neural science, and the senior author of the study.

Why Existing Materials Fall Short

For decades, researchers have looked to quasicrystals when designing isotropic bandgap materials. These structures, first proposed by physicists Paul Steinhardt and Dov Levine in the 1980s and later observed by Dan Schechtman, follow mathematical rules but do not repeat like traditional crystals.




Despite their promise, quasicrystals come with a trade-off noted by the NYU team. They may completely block light, but only from limited directions. Alternatively, they can weaken light from all directions but fail to fully stop it. This limitation has driven scientists to search for alternatives that can block signal-degrading light more comprehensively.

Engineering New Metamaterials

In their Physical Review Letters study, the NYU researchers created "metamaterials," which are engineered structures whose properties depend on their architecture rather than on their chemical composition. One major challenge in designing these materials lies in understanding how their arrangement leads to desired physical behaviors.

To overcome this, the team developed an algorithm capable of producing functional structures with built-in disorder. Their work revealed a new form of "correlated disorder" that sits between the fully ordered and fully random extremes.

"Think of trees in a forest -- they grow at random positions, but not completely random because they're usually a certain distance from one another," Martiniani explains. "This new pattern, gyromorphs, combines properties that we believed to be incompatible and displays a function that outperforms all ordered alternatives, including quasicrystals."

How Gyromorphs Achieve Their Unique Capabilities

During their analysis, the scientists observed that every isotropic bandgap material exhibited a shared structural signature.




"We wanted to make this structural signature as pronounced as possible," says Mathias Casiulis, a postdoctoral fellow in NYU's Department of Physics and the paper's lead author. "The result was a new class of materials -- gyromorphs -- that reconcile seemingly incompatible features.

"This is because gyromorphs don't have a fixed, repeating structure like a crystal, which gives them a liquid-like disorder, but, at the same time, if you look at them from a distance they form regular patterns. These properties work together to create bandgaps that lightwaves can't penetrate from any direction."

The research also included Aaron Shih, an NYU graduate student, and received support from the Simons Center for Computational Physical Chemistry (839534) and the Air Force Office of Scientific Research (FA9550-25-1-0359).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251113071609.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Nectar wars between bumble bees and invasive ants drain the hive | ScienceDaily
When bumble bees come up against invasive Argentine ants at feeding sites, they may win a direct confrontation but still return to the colony with less food. These encounters can leave bees with fewer resources even when they appear to come out ahead in a fight.


						
Bumble bees already deal with significant challenges from pesticide exposure, shrinking natural habitat, and widespread diseases. Former University of California, Riverside entomology graduate student Michelle Miner questioned whether the added pressure from aggressive ants could be making things worse for these essential pollinators.

"With how important bumble bees are as pollinators, it made sense to try and understand more about what's going on in these tiny nectar wars, because they could have a big impact," Miner said.

Studying Ant and Bee Interactions

Miner's findings, published in the Journal of Insect Science, involved an extensive review of more than 4,300 individual behaviors recorded from over 415 bumble bees.

The experiments took place in the lab of UCR professor Erin Wilson Rankin. Six bumble bee colonies foraged in a shared arena where they could approach feeders that either had ants nearby or had no ants at all.

Argentine ants, often called sugar ants, rely on biting rather than stinging. Their strength comes from their ability to gather in large numbers and overwhelm other insects.




"They can dominate a food resource just by showing up en masse," Wilson Rankin said.

Bees Avoid Ant Crowds but Still Risk Bites

The bees consistently chose to stay away from feeders with ants. As the number of ants increased, bees were less willing to feed there. More ants also meant a higher likelihood of bees being bitten. Although the bites were not deadly, the bees sometimes retaliated.

"We do see the aggression being bi-directional," Wilson Rankin said. "Sometimes you'll see ant heads on the bee legs because they were feeding and in response to an attack, the bee bit the ant and decapitated it."

While bumble bees can sting without dying (unlike honeybees), Miner never observed stinging behavior during these trials. Instead, bees relied on their mandibles to defend themselves.

"Mandibles are like teeth but not only used to chew," Miner said. "They can flare open to handle flowers or crunch a foe."

Winning Fights but Losing Foraging Time




The bees' larger size helped them prevail against individual ants in most direct confrontations during the lab study. However, this apparent advantage did not necessarily translate into a positive outcome for the entire colony.

Rather than returning immediately to forage after meeting an ant, bees frequently engaged in repeated aggressive exchanges.

"The ant presence induced prolonged aggressive exchanges," Wilson Rankin said. "Even though that one bee might benefit from being aggressive in the short term, it may not be beneficial for the colony overall."

Energy Loss and Uncertain Colony Impacts

Once bees shift into attack behavior, they stop gathering food.

"They're wasting energy, they could be getting harmed, and they're not bringing food back," Wilson Rankin said.

Scientists still do not know how the colony responds when foragers return with less than expected.

"We do know that the youngest bees don't leave the colony. Once they're old enough to 'get their licenses' they go out and forage," Wilson Rankin said. "We don't know if the colony sends out additional foragers when one comes back short. That's the next question it's important to answer."
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Your anxiety may be controlled by hidden immune cells in the brain | ScienceDaily
Anxiety disorders affect roughly one in five people in the United States, making them among the most widespread mental health challenges. Although common, scientists still have many questions about how anxiety begins and is controlled within the brain. New research from the University of Utah has now pinpointed two unexpected groups of brain cells in mice that behave like "accelerators" and "brakes" for anxious behavior.


						
The team discovered that the cells responsible for adjusting anxiety levels are not neurons, which typically relay long-distance electrical signals and form circuits throughout the body. Instead, a specific class of immune cells known as microglia appears to play a central role in determining whether mice show anxious behavior. One subset of microglia increases anxiety responses, while another reduces them.

"This is a paradigm shift," says Donn Van Deren, PhD, a postdoctoral research fellow at the University of Pennsylvania who carried out the work while at University of Utah Health. "It shows that when the brain's immune system has a defect and is not healthy, it can result in very specific neuropsychiatric disorders."

The findings are reported in Molecular Psychiatry.

Microglia Show a More Complex Role Than Expected

Earlier experiments had already suggested that microglia influence anxiety, but researchers initially believed that all microglia functioned in the same way. When they interfered with a particular subset known as Hoxb8 microglia, the mice began behaving as though they were anxious. However, when researchers blocked the activity of all microglia at once, including both Hoxb8 and non-Hoxb8 groups, the mice behaved normally.

These confusing results led the team to suspect that the two types of microglia might work in opposite directions. Hoxb8 microglia might help prevent anxiety, while non-Hoxb8 microglia might encourage it. To test this idea, they needed to examine each type of microglia on its own.




Testing the Brain's Internal Anxiety Accelerator and Brake

To isolate each group, the researchers designed an unusual experiment that involved transplanting different types of microglia into mice that lacked microglia entirely.

Their tests showed that non-Hoxb8 microglia function like a gas pedal for anxiety. When the team transplanted only non-Hoxb8 microglia into the microglia-free mice, the animals displayed strong signs of anxiety. They groomed themselves repeatedly and avoided open spaces, behaviors that typically indicate heightened anxiety in mice. Without Hoxb8 microglia present, the anxiety "accelerator" remained active without any natural balancing force.

In contrast, Hoxb8 microglia acted like the braking system. Mice given only Hoxb8 microglia did not behave anxiously. Importantly, mice that received both microglial types also showed no signs of anxiety. Even though non-Hoxb8 cells encouraged anxious behavior, the presence of Hoxb8 cells neutralized those effects.

"These two populations of microglia have opposite roles," says Mario Capecchi, PhD, distinguished professor of human genetics at University of Utah Health and senior author of the study. "Together, they set just the right levels of anxiety in response to what is happening in the mouse's environment."

Implications for Future Anxiety Treatments

According to the researchers, these results could reshape how scientists think about the biological roots of anxiety disorders and how they might be treated in the future. "Humans also have two populations of microglia that function similarly," Capecchi explains. Despite this, nearly all current psychiatric medications target neurons rather than microglia.




Understanding how these immune cells influence anxiety could lead to therapies that intentionally enhance the braking effect or reduce the accelerator activity. "This knowledge will provide the means for patients who have lost their ability to control their levels of anxiety to regain it," Capecchi says.

Van Deren adds a note of caution. "We're far from the therapeutic side," he says, "but in the future, one could probably target very specific immune cell populations in the brain and correct them through pharmacological or immunotherapeutic approaches. This would be a major shift in how to treat neuropsychiatric disorders."

The study appears in Molecular Psychiatry under the title "Defective Hoxb8 microglia are causative for both chronic anxiety and pathological overgrooming in mice."

The research was supported by the National Institutes of Health, including the National Institute of Mental Health (R01 MH093595), the Dauten Family Foundation, and the University of Utah Flow Cytometry Facility. The authors note that the content is solely their responsibility and does not necessarily represent the official views of the National Institutes of Health.
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A fierce crocodile ancestor that hunted before dinosaurs has been found | ScienceDaily
A newly identified carnivorous reptile may look like a dinosaur at first glance, but researchers have confirmed that it was actually an early relative of modern crocodiles.


						
The species is named Tainrakuasuchus bellator, a title partly inspired by the Latin word for "warrior" or "fighter." This armored animal lived 240 million years ago, during a time just before dinosaurs appeared.

As a member of the Pseudosuchia (the precursors of modern crocodiles and alligators), it belonged to a dominant group of predators that thrived in the Triassic Period.

Size, Hunting Skills, and Early Ecosystem Role

Details of the discovery appear in the peer-reviewed Journal of Systematic Palaeontology. According to the study, the creature measured about 2.4m in length and weighed around 60kg.

Its long neck and agile body allowed it to strike quickly at prey. Once it closed in, it used slender jaws filled with sharp, recurved teeth to secure its target and prevent escape.

"This animal was an active predator, but despite its relatively large size, it was far from the largest hunter of its time with the same ecosystem home to giants as big as seven meters long," explains lead author Dr. Rodrigo Temp Muller, who led the paleontology team at the Universidade Federal de Santa Maria in Brazil.




"Pseudosuchia were a diverse group of animals capable of tackling robust prey, as well as small hunters specialized in catching swift animals.

"Although its appearance superficially resembles that of a dinosaur, Tainrakuasuchus bellator does not belong to that group. One of the clearest ways for us to distinguish it from dinosaurs lies in the structure of the pelvis where the characteristics of its hip and femur joints are very different."

A Glimpse Into Pre-Dinosaur Biodiversity

Dr. Muller notes: "Tainrakuasuchus bellator's discovery represents the complexity of the ecosystem at the time, with different pseudosuchia species -- varying in sizes and hunting strategies -- occupying specific ecological niches.

"Its discovery helps illuminate a key moment in the history of life, the period that preceded the rise of the dinosaurs."

The fossils were uncovered during a May 2025 excavation in the municipality of Dona Francisca in southern Brazil. The team found a partial skeleton encased in rock that included portions of the lower jaw, vertebrae, and pelvic girdle.




Analysis of the bones revealed details about the animal's behavior and confirmed that Tainrakuasuchus bellator was protected by bony plates called osteoderms, which are also found in today's crocodiles.

Although its limbs were not preserved, the researchers believe it moved on all fours, similar to related species.

Meaning Behind the Name

The name 'Tainrakuasuchus' blends the Guarani words tain ("tooth") and rakua ("pointed") with the Greek suchus ("crocodile"), referring to its sharp teeth.

The second part, 'bellator,' comes from the Latin word for "warrior" or "fighter" and, according to the authors, "honors the people of Rio Grande do Sul, symbolizing their strength, resilience, and fighting spirit, especially in light of the recent floods that have affected the state."

Rare Fossil With Links Across Ancient Pangaea

Dr. Muller describes the find as "extremely rare" and says it provides more evidence of the ancient connection between Brazil and Africa during the Triassic Period -- when the world's landmasses were joined into the supercontinent Pangaea.

"Despite the diversity of pseudosuchians, they remain poorly understood, as fossils of some their lineages are extremely rare in the fossil record," Dr. Muller says.

"The fossils we found underwent a meticulous preparation process in the laboratory, during which the surrounding rock was carefully removed.

"Once the anatomical details were revealed, we were delighted and really excited to reveal that the specimen represented a species previously unknown to science.

"What we uncovered was a species that belongs to a predator closely related to one (Mandasuchus tanyauchen) found in Tanzania.

"This connection between animals from South America and Africa can be understood in light of the Triassic Period's paleogeography.

"At that time, the continents were still united, which allowed the free dispersal of organisms across regions that are now separated by oceans. As a result, the faunas of Brazil and Africa shared several common elements, reflecting an intertwined evolutionary and ecological history.

"Tainrakuasuchus bellator would have lived in a region bordering a vast, arid desert -- the same setting as where the first dinosaurs emerged.

"It shows that, in what is now southern Brazil, reptiles had already formed diverse communities adapted to various survival strategies. Moreover, this discovery reveals that such diversity was not an isolated phenomenon."
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Cheap gout drug may slash heart attack and stroke risk | ScienceDaily
A commonly used, low-cost medication for gout may help lower the chances of heart attacks and strokes in people with cardiovascular disease, according to a new Cochrane review.


						
Researchers evaluated the impact of taking small doses of colchicine, a standard gout treatment, and reported no rise in serious side effects.

Cardiovascular disease is often linked to long-term, low-level inflammation that increases the likelihood of repeat events such as heart attacks and strokes. Because colchicine reduces inflammation, it has emerged as a potentially useful option for people living with heart disease.

A promising effect on cardiovascular risk

The review assessed 12 randomized controlled trials that followed nearly 23,000 individuals with a history of heart disease, heart attack or stroke. Participants took colchicine for at least six months, usually at doses of 0.5 mg once or twice daily. About 80% of those enrolled were male (~80%), and their average age ranged from 57 to 74 years. Half received colchicine, while the rest were given either a placebo or no added medication on top of their typical care.

People taking low-dose colchicine experienced fewer heart attacks and strokes overall. For every 1,000 individuals treated, 9 heart attacks and 8 strokes were avoided compared with those who did not receive the drug. No serious adverse events were seen, although mild and short-lived stomach or digestive discomfort was more common among colchicine users.

"Among 200 people with cardiovascular disease -- where we would normally expect around seven heart attacks and four strokes -- using low-dose colchicine could prevent about two of each," says Dr. Ramin Ebrahimi, co-lead author from the University Medicine Greifswald, Germany. "Reductions like this can make a real difference for patients who live with ongoing, lifelong cardiovascular risk."

A new use for a long-established medicine




Since cardiovascular diseases remain the leading cause of death worldwide, colchicine offers a potentially affordable and widely available strategy for preventing additional heart problems in high-risk patients.

"These results come from publicly funded trials repurposing a very old, low-cost drug for an entirely new use," says Lars Hemkens, senior author from the University of Bern, Switzerland. "It shows the power of academic research to reveal treatment opportunities that traditional drug development often overlooks."

Questions still remain about whether colchicine influences overall mortality or reduces the need for procedures such as coronary revascularization. The trials also did not determine whether the drug improves quality of life or shortens hospital stays. The authors emphasize that more research is required to address these gaps.
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Jupiter's wild youth may have reshaped the entire Solar System | ScienceDaily
New research from Rice University indicates that Jupiter dramatically reshaped the early solar system. According to the study, the giant planet created rings and wide gaps in the protoplanetary disk, helping to solve a long-standing mystery: why many primitive meteorites formed several million years after the very first solid materials. The work draws on hydrodynamic models of Jupiter's growth combined with simulations that track how dust and young planets evolve. The findings appear in Science Advances.


						
Using advanced computer simulations, planetary scientists Andre Izidoro and Baibhav Srivastava found that Jupiter's rapid early expansion disturbed the disk of gas and dust surrounding the young sun. The planet's strong gravitational pull generated ripples throughout the disk, creating what they describe as "cosmic traffic jams" that kept small particles from falling into the sun. Instead, these particles accumulated in dense bands, allowing them to merge into planetesimals, the solid precursors of planets.

Second-Generation Planetesimals and the Origin of Chondrites

A key finding from the study is that the planetesimals forming within these bands were not the solar system's original building blocks. They were part of a later generation and formed at a time that matches the birth of many chondrites, a class of stony meteorites that contain both chemical and chronological clues from the solar system's earliest era.

"Chondrites are like time capsules from the dawn of the solar system," said Izidoro, assistant professor of Earth, environmental and planetary sciences at Rice. "They have fallen to Earth over billions of years, where scientists collect and study them to unlock clues about our cosmic origins. The mystery has always been: Why did some of these meteorites form so late, 2 to 3 million years after the first solids? Our results show that Jupiter itself created the conditions for their delayed birth."

Chondrites are especially important because they preserve some of the most untouched material available for scientific study. Meteorites from the first generation of planet-building objects melted and transformed, losing much of their original structure. In contrast, chondrites retain primitive solar system dust as well as small molten droplets called chondrules. Their unexpectedly late formation has challenged researchers for decades.

"Our model ties together two things that didn't seem to fit before -- the isotopic fingerprints in meteorites, which come in two flavors, and the dynamics of planet formation," Srivastava explained. "Jupiter grew early, opened a gap in the gas disk, and that process protected the separation between inner and outer solar system material, preserving their distinct isotopic signatures. It also created new regions where planetesimals could form much later."

How Jupiter Helped Shape the Inner Solar System




The research also sheds light on another puzzle: why Earth, Venus and Mars orbit near 1 astronomical unit from the sun instead of spiraling inward, a common outcome in many planetary systems observed around other stars. By blocking the inward flow of gas, Jupiter prevented young planets from migrating toward the sun. As a result, these worlds remained in the terrestrial zone, where Earth and its neighboring planets eventually formed.

"Jupiter didn't just become the biggest planet -- it set the architecture for the whole inner solar system," Izidoro said. "Without it, we might not have Earth as we know it."

The team's conclusions align with ring-and-gap patterns now seen in the disks of young star systems observed through the Atacama Large Millimeter/submillimeter Array (ALMA) telescope in northern Chile. These structures show how forming giant planets can reshape their surroundings.

"Looking at those young disks, we see the beginning of giant planets forming and reshaping their birth environment," Izidoro said. "Our own solar system was no different. Jupiter's early growth left a signature we can still read today, locked inside meteorites that fall to Earth."

This research was supported in part by the National Science Foundation (NSF), the NSF-funded Big-Data Private-Cloud Research Cyberinfrastructure and Rice's Center for Research Computing.
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Smart drug strikes a hidden RNA weak point in cancer cells | ScienceDaily
Researchers have designed a new class of drug molecule capable of specifically destroying TERRA, an RNA molecule that some cancer cells rely on to survive. Using a technique known as "RIBOTAC," the compound is able to locate TERRA inside the cell and break it apart while avoiding healthy RNA. The work suggests a possible path toward future cancer therapies that focus on the genetic drivers of disease rather than its outward effects.


						
A team from the Hebrew University of Jerusalem has created a drug-like molecule that can locate and eliminate an RNA segment tied to cancer development. The study, published in Advanced Sciences, was conducted by Dr. Raphael I. Benhamou, Elias Khaskia, and Dipak Dahatonde of the university's Faculty of Medicine. Their research centers on TERRA, an RNA molecule that helps maintain the ends of chromosomes -- the regions of DNA that support cell stability and overall health.

When TERRA functions improperly, it can disrupt normal cell aging and division. In several cancers, including certain tumors of the brain and bone, cancer cells exploit TERRA to continue growing and dividing.

"We've created a tool that acts like a guided missile for bad RNA," said Dr. Benhamou. "It can find TERRA inside cancer cells and make it disappear -- without harming healthy parts of the cell."

How the RIBOTAC Molecule Works

The researchers built a small molecule using RIBOTAC, short for Ribonuclease-Targeting Chimera. This molecule identifies a distinctive shape in TERRA called a G-quadruplex -- a folded structure -- and then recruits a natural enzyme in the cell, RNase L, to break down the RNA.

This marks the first demonstration of a tool that can destroy TERRA with such accuracy. The molecule selectively targets TERRA and does not affect other RNA molecules that share similar features.




In experiments using cancer cell lines such as HeLa and U2OS cells (which represent a hard-to-treat type of cancer), the treatment lowered TERRA levels and slowed cancer cell growth.

Potential to Reshape Future Cancer Therapies

The finding points to the possibility of developing medicines that target RNA molecules directly -- not only proteins, which are the primary focus of most current drugs.

"This is a new way of thinking about medicine," said Benhamou. "Instead of focusing only on proteins, we're now learning how to target the RNA that controls them. That could open the door to treating diseases we once thought were impossible to reach."
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A 400-million-year-old plant creates water so weird it looks alien | ScienceDaily
A research group at The University of New Mexico has identified how an unusual prehistoric plant may provide new ways to interpret Earth's ancient climate conditions.


						
Led by UNM Earth and Planetary Sciences Professor Zachary Sharp, the team published its findings in the Proceedings of the National Academy of Sciences (PNAS). The study, titled "Extreme triple oxygen isotope fractionation in Equisetum," examines horsetails, which are hollow-stemmed plants that have existed on the planet for more than 400 million years. The researchers discovered that as water moves through these plants, it experiences such intense natural filtration that its oxygen isotope signatures become similar to those seen in meteorites or other extraterrestrial materials.

"It's a meter-high cylinder with a million holes in it, equally spaced. It's an engineering marvel," Sharp said. "You couldn't create anything like this in a laboratory."

Unusual Isotope Behavior Reveals a New Climate Tool

The team's results help clarify long-standing puzzles involving oxygen isotope measurements in desert plants and introduce a valuable method for reconstructing climate in dry regions.

Oxygen isotopes function as tracers, allowing scientists to learn about water sources, plant transpiration, and atmospheric moisture. Heavier isotopes are rare, which makes it challenging to predict how their ratios shift under real environmental conditions.

To investigate this process, Sharp's group collected smooth horsetails (Equisetum laevigatum) along the Rio Grande in New Mexico. They tracked how oxygen isotope values changed from the lower sections of the plants to the upper portions. The highest samples produced extreme readings that previously appeared to fall outside any known Earth-based range.




Meteorite-Like Signatures Draw Global Attention

Sharp presented the work at the Goldschmidt Geochemistry Conference in Prague this past July.

"If I found this sample, I would say this is from a meteorite," Sharp said during the conference. "But in fact, these values do go down to these crazy low levels."

The newly collected data allowed the researchers to update their models, helping explain unusual isotope results found in other desert species. Sharp believes these refined models could also help scientists better understand ancient climate behavior.

Fossil Records Preserve Humidity From the Age of Dinosaurs

Fossil horsetails, which once grew up to 30 meters tall, contain tiny silica particles called phytoliths. These structures may retain isotope signatures for millions of years. According to Sharp, the phytoliths work as a "paleo-hygrometer," or a way to measure ancient humidity.

"We can now begin to reconstruct the humidity and climate conditions of environments going back to when dinosaurs roamed the Earth," he said.

This research expands UNM's contributions to the geosciences and highlights horsetails, some of the planet's oldest surviving plants, as unexpected yet powerful record keepers of Earth's climate history.
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New study finds hidden diabetes danger in vaping | ScienceDaily
New research from the University of Georgia reports that people who use e-cigarettes, traditional cigarettes or both are more likely to develop diabetes. According to the study, smokers showed a notably higher rate of prediabetes and diabetes diagnoses compared with nonsmokers.


						
"In an era when e-cigarettes are marketed as a 'safer' alternative to smoking, this suggests they may carry a hidden peril and may be quietly contributing to long-term health problems like prediabetes and diabetes," said Sulakshan Neupane, lead author of the study and a doctoral student in the UGA College of Agricultural and Environmental Sciences. "As the use of e-cigarettes rises rapidly, it's vital we understand their broader health impacts. This is not just about the lungs anymore but the entire body and metabolic health."

The Centers for Disease Control and Prevention notes that vaping continues to grow in popularity, especially among younger people. The study's results indicate that diabetes rates may also rise within these groups as e-cigarette use expands.

Researchers also reported that the likelihood of developing diabetes or prediabetes is even higher for Hispanic and Black individuals living in economically disadvantaged settings, along with people who already have underlying health problems.

Dual Users Face Sharp Increases in Prediabetes

Utilizing more than 1.2 million responses from the Behavioral Risk Factor Surveillance System survey, the research team examined how e-cigarette use and traditional smoking relate to prediabetes and diabetes diagnoses.

The analysis showed that vaping alone was linked to a 7% increase in prediabetes risk. The researchers suggested that e-cigarette use may temporarily impair insulin function and contribute to weight gain, both of which are tied to prediabetes.




While 7% may seem modest, it represents roughly 7,000 additional prediabetes cases each year in the U.S based on current population trends.

The study also found that smoking cigarettes or cigars increased prediabetes risk by 15%. The risk climbed even higher for people who both smoked and vaped, reaching 28%.

Individuals who used both cigarettes and e-cigarettes were also more likely to be diagnosed with diabetes itself, with risks rising by 7 and 9% respectively.

"E-cigarette use alone elevates the likelihood of prediabetes, with dual use conferring an additional risk. This study highlights potential compounding harm from using both product types," said Neupane.

Weight, Income and Demographics Influence Risk Levels

The researchers observed that certain personal and demographic factors further intensified the likelihood of developing prediabetes or diabetes.




People who were overweight or obese and smoked were especially vulnerable, as e-cigarette users with a higher body mass index had worse outcomes than those at a normal weight. Hispanic, Black and Asian individuals who smoked or vaped were more frequently diagnosed with prediabetes or diabetes compared with white individuals.

Lower income was another major contributor. Those in the lowest income groups had a 12% higher risk of both conditions.

"People who aren't earning enough money experience mental stress and tend to smoke or use alcohol to reduce that stress, which leads to these increased risk factors," Neupane said.

Regular physical activity, however, provided some protection. Exercise reduced prediabetes risk for smokers by 8%, offering a potential way to counter some of the harmful effects.

"These findings have important implications for public health efforts to curb smoking and improve diabetes outcomes," said Neupane.

The study was published in AJPM Focus. Co-authors included Agricultural and Applied Economics Professor Wojciech J. Florkowski and Chandra Dhakal, a Ph.D. graduate from UGA who now works for the CDC Foundation.
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New Neanderthal footprints in Portugal reveal a life we never expected | ScienceDaily
An international team of researchers has identified a previously unknown Neanderthal site on the southern edge of the Iberian Peninsula, located along Portugal's Algarve coast. The findings, published in the journal Scientific Reports by Nature Publishing Group, describe the earliest evidence of Neanderthal hominids in Portugal. This discovery marks an important step forward in understanding how early humans occupied the Atlantic coastline of the Iberian Peninsula during the Pleistocene.


						
The project is directed by Carlos Neto de Carvalho, a geologist and palaeontologist at IDL-University of Lisbon and scientific coordinator of the Naturtejo UNESCO Global Geopark, with contributions from Fernando Muniz Guinea, a professor in the Department of Crystallography, Mineralogy and Agricultural Chemistry at the University of Seville. Researchers from institutions in Portugal, Spain, Gibraltar, Italy, Denmark and China also took part. Neto de Carvalho and Muniz describe the work as an "interdisciplinary study on the ecological and behavioral analysis of the fossilized footprint record in southern Portugal."

Early Neanderthal footprints discovered on the Algarve coast

The earliest Neanderthal footprints known from Portugal were found in two Algarve locations: Praia do Monte Clerigo, where the geological layers date to about 78,000 years ago, and Praia do Telheiro, dated to roughly 82,000 years. At Monte Clerigo, researchers identified 5 trackways and 26 individual footprints created by adults and by children slightly over a year old on the slope of what was once a coastal dune. Praia do Telheiro revealed a single footprint attributed to either a teenager or an adult woman, found near fossilized bird tracks that are typical of rocky and coastal habitats.

Why footprints offer unique scientific insight

Neanderthal footprints preserve information that other archaeological remains, such as bones or tools, often cannot provide. Imprinted in sediments or sedimentary rock, they record a specific moment of activity and confirm the exact location where an individual stood or moved. Artifacts, in contrast, may be displaced or left behind long after their original use.

"Footprints record a specific moment, almost instantaneously, allowing us to reconstruct what was happening; for example, a group walk, a chase, a flight, or presence in a particular landscape. The footprints show how Neanderthals used space, how they explored coastal environments, forests, dunes or riverbanks, something that is difficult to infer solely from artifacts," explain Neto de Carvalho and Muniz.




Reconstructing group behavior, movement and social structure

By studying the size and arrangement of the footprints, researchers can estimate how many individuals were present, the range of ages represented (children, adolescents, adults) and even potential task division within the group (e.g. a hunting party). Footprints left by infants and very young children, which are typically rare in the archaeological record, add valuable information about family groups and social organization. As the authors note, "footprints offer a unique and dynamic window into everyday behavior: a snapshot of life tens of thousands of years ago."

The trackways also show how Neanderthals moved through different types of terrain, revealing decisions about route selection, proximity to their base camp and possible hunting strategies. In one case, human footprints appear alongside deer tracks created at the same time, supporting the idea of pursuit or ambush activity within the dune environment.

Insights into Neanderthal diet along the Iberian coast

In addition to the footprint analysis, the researchers used ecological network analysis based on mathematical network theory to compare data from this site with other coastal archaeological locations in the Iberian Peninsula. These comparisons show that the Neanderthal diet in these regions relied heavily on deer, horses and hares, along with marine and coastal foods, pointing to a wide-ranging and adaptable approach to gathering resources.

These results reveal that Neanderthals living along the Atlantic coast were more flexible and environmentally skilled than previously understood. The study offers a detailed look at their mobility, behavior and social interactions, highlighting a level of ecological and cognitive adaptability that adds new depth to the story of Neanderthal life.
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Strange microscopic structures found in Long COVID blood | ScienceDaily
The researchers also incorporated Artificial Intelligence tools, including machine learning, to analyze biomarker patterns. These methods allowed them to accurately differentiate Long COVID patients from healthy individuals and to pinpoint the most informative biomarker combinations. Such insights could support more precise diagnostics and future personalized treatments.


						 small, unusual clusters of blood clotting proteins that circulate in the bloodstream. The term became widely used in 2021 after Prof Resia Pretorius of Stellenbosch University's Department of Physiological Sciences reported finding these abnormal protein clumps in blood samples from COVID-19 patients. Their potential involvement in COVID-related clotting problems drew significant attention as the pandemic unfolded.
What are neutrophil extracellular traps (NETs)?
Dr. Alain Thierry and his group at the Montpellier Cancer Institute (IRCM) at INSERM in Montpellier were among the first to highlight the importance of NETs in COVID-19. NETs form when neutrophils release their DNA through a process called NETosis, creating thread-like structures filled with harmful enzymes that can quickly trap and neutralize invading microbes.
Although NETs help defend against infection, producing too many of them can be harmful. Excess NET formation has been linked to serious inflammatory and clotting conditions, including severe infections, autoimmune diseases, cancer, diabetes, and arthritis. Dr. Thierry notes that ongoing overproduction of NETs, driven by cycles of inflammation and clot formation, may worsen disease severity.
In light of this, the teams led by Prof Pretorius and Dr. Thierry worked together to examine whether microclots and NETs interact in patients with Long COVID.
Key findings
Using imaging flow cytometry and fluorescence microscopy, the researchers conducted detailed measurements of microclots and NETs in the plasma of individuals with Long COVID and compared the results to healthy controls. They also quantified NETs by assessing proteic markers and circulating DNA.
They reported several major observations:
    	Biomarkers linked to both microclots and NETs were significantly elevated in Long COVID patients.
    	Patients showed not only an increased number of microclots but also larger microclots.
    	Most notably, the team identified a structural relationship between microclots and NETs. This association appeared in all samples but was far more substantial in people with Long COVID.

"This finding suggests the existence of underlying physiological interactions between microclots and NETs that, when dysregulated, may become pathogenic," explains Dr. Thierry.

The researchers also incorporated Artificial Intelligence tools, including machine learning, to analyze biomarker patterns. These methods allowed them to accurately differentiate Long COVID patients from healthy individuals and to pinpoint the most informative biomarker combinations. Such insights could support more precise diagnostics and future personalized treatments.
Prof Pretorius emphasizes that the study reveals a buildup of microclots in the plasma of Long COVID patients, likely supported by excessive NET activity: "This interaction could render microclots more resistant to fibrinolysis, promoting their persistence in circulation and contributing to chronic microvascular complications," she explains.
By clarifying how NETs may stabilize microclots, the study contributes valuable information about the biological processes involved in Long COVID. The findings also highlight potential therapeutic approaches aimed at reducing harmful clotting and inflammation.
In addition, the work advances the search for new biomarkers that could help diagnose and manage Long COVID. As the authors note, "The combination of advanced imaging techniques and machine learning confers methodological robustness and contributes significantly to the ongoing scientific discourse on post-viral syndromes."

In patients with Long COVID, a new study has revealed structural association between circulating microclots and neutrophil extracellular traps (NETs).

This finding suggests the existence of underlying physiological interactions between microclots and NETS that, when dysregulated, may become pathogenic.

What are microclots?

The term microclots, recently adopted in the scientific literature, refers to abnormal clumps of blood clotting proteins circulating in a patient's blood stream. The concept was introduced in 2021 by Prof. Resia Pretorius from Stellenbosch University's Department of Physiological Sciences, when they found the abnormal presence of such microclots in the blood samples of COVID-19 patients. This discovery generated widespread attention during the pandemic due to its potential role in COVID-related coagulopathies.

What are neutrophil extracellular traps (NETs)?

Dr. Alain Thierry's team at the Montpellier Cancer Institute (IRCM) at INSERM in Montpellier, was among the first to identify the critical role of NETs in the pathogenesis of COVID-19. NETs are produced through a specialised form of innate immune response known as NETosis, whereby neutrophils expel their DNA to form filamentous structures embedded with cytotoxic enzymes capable of rapidly trapping and neutralizing pathogens.




However, excessive NETs formation can become detrimental, contributing to a wide range of inflammatory and thrombotic diseases, including severe infections, autoimmune disorders, cancer, diabetes, and arthritis.

According to Dr. Thierry, it may be that persistent overproduction of NETs, fueled by self-perpetuating inflammatory and thrombotic loops, exacerbates disease severity.

In a collaborative effort, the teams of Prof. Pretorius and Dr. Thierry investigated the potential interaction between microclots and NETs in the context of Long COVID.

Key findings

Using imaging flow cytometry and fluorescence microscopy, they performed a quantitative and structural analysis of microclots and NETs in the plasma of Long COVID patients, compared to healthy controls. NETs were also quantified by analyzing NETs proteic markers and circulating DNA.
    	They observed a significant increase in biomarkers associated with both microclots and NETs in patient samples.
    	Microclots were not only more abundant but also larger in size among patients.
    	Most importantly, they discovered a previously unreported structural association between microclots and NETs, observed in all subjects but markedly more pronounced in Long COVID patients.

"This finding suggests the existence of underlying physiological interactions between microclots and NETs that, when dysregulated, may become pathogenic," explains Dr. Thierry.




Furthermore, the integration of Artificial Intelligence tools, such as machine learning, into the biomarker analysis enabled them to distinguish Long COVID patients from healthy individuals with high accuracy. The algorithms identified the most predictive biomarker combinations, enhancing diagnostic reliability and paving the way for personalized medicine approaches.

According to Prof. Pretorius, the results reveal a significant accumulation of microclots in the plasma of Long COVID patients, likely driven and stabilized by excessive NETs production: "This interaction could render microclots more resistant to fibrinolysis, promoting their persistence in circulation and contributing to chronic microvascular complications," she explains.

By identifying the mechanistic role of NETs in microclot stabilization, this study provides new insight into the pathophysiology of Long COVID. These findings support the development of targeted therapeutic strategies aimed at modulating thrombo-inflammatory responses.

Finally, the study paves the way for the development of novel biomarkers for diagnosis and management: "The combination of advanced imaging techniques and machine learning confers methodological robustness and contributes significantly to the ongoing scientific discourse on post-viral syndromes," they conclude.
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A radical upgrade pushes quantum links 200x farther | ScienceDaily
Quantum computers can perform certain calculations at remarkable speeds, yet connecting them over long distances has been one of the major obstacles to building large, reliable quantum networks.


						
Until recently, two quantum computers could only link through a fiber cable over a span of a few kilometers. This limitation meant that a system on the University of Chicago's South Side campus could not communicate with one in the Willis Tower, even though both are located within the same city. The distance was simply too great for current technology.

A new study published on November 6 in Nature Communications by University of Chicago Pritzker School of Molecular Engineering (UChicago PME) Asst. Prof. Tian Zhong suggests that this boundary can be pushed dramatically farther. His team's work indicates that quantum connections could, in theory, extend up to 2,000 km (1,243 miles).

With this method, the UChicago quantum computer that once struggled to reach the Willis Tower could instead connect with a device located outside Salt Lake City, Utah.

"For the first time, the technology for building a global-scale quantum internet is within reach," said Zhong, who recently received the prestigious Sturge Prize for this research.

Why Quantum Coherence Matters

To create high-performance quantum networks, researchers must entangle atoms and maintain that entanglement as signals travel through fiber cables. The greater the coherence time of those entangled atoms, the farther apart the connected quantum computers can be.




In the new study, Zhong's team succeeded in raising the coherence time of individual erbium atoms from 0.1 milliseconds to more than 10 milliseconds. In one experiment, they achieved 24 milliseconds of coherence. Under ideal conditions, this improvement could enable communication between quantum computers separated by roughly 4,000 km, the distance between UChicago PME and Ocana, Colombia.

Building the Same Materials in a New Way

The team did not switch to unfamiliar or exotic materials. Instead, they reimagined how the materials were constructed. They produced the rare-earth doped crystals required for quantum entanglement using a method called molecular-beam epitaxy (MBE) rather than the standard Czochralski method.

"The traditional way of making this material is by essentially a melting pot," Zhong said, referring to the Czochralski approach. "You throw in the right ratio of ingredients and then melt everything. It goes above 2,000 degrees Celsius and is slowly cooled down to form a material crystal."

Afterward, researchers carve the cooled crystal chemically to shape it into a usable component. Zhong likens this to a sculptor chiseling away at marble until the final form emerges.

MBE relies on a very different idea. It resembles 3D printing, but at the atomic scale. The process lays down the crystal in extremely thin layers, eventually forming the exact structure needed for the device.




"We start with nothing and then assemble this device atom by atom," Zhong said. "The quality or purity of this material is so high that the quantum coherence properties of these atoms become superb."

Although MBE has been used in other areas of materials science, it had not previously been applied to this type of rare-earth doped material. For this project, Zhong collaborated with materials synthesis specialist UChicago PME Asst. Prof. Shuolong Yang to adapt MBE to their needs.

Institute of Photonic Sciences Prof. Dr. Hugues de Riedmatten, who was not part of the study, described the results as an important step forward. "The approach demonstrated in this paper is highly innovative," he said. "It shows that a bottom-up, well-controlled nanofabrication approach can lead to the realization of single rare-earth ion qubits with excellent optical and spin coherence properties, leading to a long-lived spin photon interface with emission at telecom wavelength, all in a fiber-compatible device architecture. This is a significant advance that offers an interesting scalable avenue for the production of many networkable qubits in a controlled fashion."

Preparing for Real-World Tests

The next phase of the project is to determine whether the improved coherence times can indeed support long-distance quantum communication outside of theoretical models.

"Before we actually deploy fiber from, let's say, Chicago to New York, we're going to test it just within my lab," Zhong said.

The team plans to link two qubits housed in separate dilution refrigerators ("fridges") inside Zhong's laboratory using 1,000 kilometers of coiled fiber. This step will help them verify that the system behaves as expected before moving to larger scales.

"We're now building the third fridge in my lab. When it's all together, that will form a local network, and we will first do experiments locally in my lab to simulate what a future long-distance network will look like," Zhong said. "This is all part of the grand goal of creating a true quantum internet, and we're achieving one more milestone towards that."
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Space dust reveals how fast the Arctic is changing | ScienceDaily
Arctic sea ice has shrunk by more than 42% since 1979, when satellites first began providing consistent measurements. As the remaining ice thins and retreats, more open ocean is left exposed to sunlight. Ice helps cool the planet by reflecting sunlight, but darker seawater absorbs heat instead, which speeds up warming and contributes to even greater ice loss. Climate projections suggest the Arctic could experience ice-free summers within the next few decades, and scientists are still working to understand how this shift might affect ecosystems and human societies.


						
For many years, scientists have known that fine particles from space steadily fall to Earth and accumulate in ocean sediments. A study published on November 6 in Science shows that identifying where this cosmic dust appears, and where it is missing, offers clues about how sea ice coverage has changed over thousands of years.

"If we can project the timing and spatial patterns of ice coverage decline in the future, it will help us understand warming, predict changes to food webs and fishing, and prepare for geopolitical shifts," said Frankie Pavia, a UW assistant professor of oceanography who led the research.

How Cosmic Dust Helps Track Ancient Ice

Cosmic dust forms when stars explode or when comets break apart, and much of it carries a rare version of helium called helium-3 after passing near the sun. Researchers measure helium-3 to separate cosmic dust from material originating on Earth.

"It's like looking for a needle in a haystack," Pavia said. "You've got this small amount of cosmic dust raining down everywhere, but you've also got Earth sediments accumulating pretty fast."

In this project, however, Pavia focused more on places where the dust did not show up.




"During the last ice age, there was almost no cosmic dust in the Arctic sediments," he said.

Reconstructing 30,000 Years of Arctic Sea Ice

The team proposed that cosmic dust could serve as a stand-in for satellite measurements of ice. When the sea surface is covered with ice, the dust cannot settle on the seafloor, but open water allows it to reach the sediment. By measuring the amount of cosmic dust in sediment cores collected from three Arctic locations, the researchers recreated sea ice history over the past 30,000 years.

The three study sites "span a gradient of modern ice coverage," Pavia said. One site near the North Pole remains ice-covered throughout the year. A second sits near the seasonal edge of the ice in September, and the third was consistently ice-covered in 1980 but now experiences periodic ice-free conditions.

The team found that times of persistent ice cover matched periods with very little cosmic dust in the sediments. This was true during the last ice age about 20,000 years ago. As the planet warmed afterward, cosmic dust began to appear again in the sediment samples.

Linking Ice Changes to Nutrient Use

The researchers also compared their reconstructed ice record with data on nutrient availability. They discovered that nutrient consumption was highest when sea ice levels were low and declined as ice cover increased.




Nutrient cycling data comes from tiny shells once inhabited by foraminifera, organisms that digest nitrogen. Chemical signatures preserved in their shells reveal how much of the available nutrients these organisms used while they were alive.

"As ice decreases in the future, we expect to see increased consumption of nutrients by phytoplankton in the Arctic, which has consequences for the food web," Pavia said.

What Drives Shifts in Nutrients?

More work is needed to understand why nutrient use changes as ice declines. One possibility is that less ice leads to more photosynthesis at the surface, increasing nutrient uptake. Another idea suggests that melting ice dilutes nutrient concentrations in the water.

Both ideas could appear as higher nutrient consumption, but only the first would signal a rise in marine productivity.

Additional co-authors include Jesse R. Farmer at the University of Massachusetts Boston; Laura Gemery and Thomas M. Cronin at the United States Geological Survey; and Jonathan Treffkorn and Kenneth A. Farley at Caltech.

This research was supported by the National Science Foundation and a Foster and Coco Stanback Postdoctoral Fellowship.
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Astronomers stunned by three Earth-sized planets orbiting two suns | ScienceDaily
An international group of scientists has confirmed the discovery of three Earth-sized planets within the binary stellar system known as TOI-2267, located roughly 190 light-years from Earth. The finding, published in Astronomy & Astrophysics, offers new insight into how planets can form and remain stable in double-star systems, which were once thought too chaotic for complex planetary development.


						
"Our analysis shows a unique planetary arrangement: two planets are transiting one star, and the third is transiting its companion star," explains Sebastian Zuniga-Fernandez, a researcher at the University of Liege (ULiege) and first author of the paper. "This makes TOI-2267 the first binary system known to host transiting planets around both of its stars."

A Compact and Unusual Double-Star System

TOI-2267 consists of two stars locked in a close orbital dance, forming what astronomers call a compact binary system. Such systems create gravitational forces that typically disrupt planet formation. Despite this, researchers have detected three Earth-sized planets in tight orbits, a surprising outcome that challenges long-held theories about where rocky worlds can exist.

"Our discovery breaks several records, as it is the most compact and coldest pair of stars with planets known, and it is also the first in which planets have been recorded transiting around both components," says Francisco J. Pozuelos, a co-leader of the study and researcher at the Instituto de Astrofisica de Andalucia (IAA-CSIC).

Combining Space and Ground Observations

NASA's TESS space telescope first provided the data leading to this discovery. Two of the planets were initially identified by astronomers at ULiege and IAA-CSIC using their custom software tool, SHERLOCK. This early detection prompted ground-based observations to confirm the findings.




The confirmation process required a major effort involving several observatories. Among the most important were the SPECULOOS and TRAPPIST telescopes operated by ULiege (PI: Michael Gillon). Designed to detect small exoplanets around cool, dim stars, these robotic instruments were vital for verifying the planets and studying their characteristics in detail.

A Natural Testbed for Planet Formation

"Discovering three Earth-sized planets in such a compact binary system is a unique opportunity," says Zuniga-Fernandez. "It allows us to test the limits of planet formation models in complex environments and to better understand the diversity of possible planetary architectures in our galaxy."

Pozuelos adds, "This system is a true natural laboratory for understanding how rocky planets can emerge and survive under extreme dynamical conditions, where we previously thought their stability would be compromised."

Looking Ahead to Future Exploration

The discovery opens up new questions about how planets form and persist in binary systems. Upcoming observations with the James Webb Space Telescope (JWST) and next-generation ground-based observatories could reveal more details, such as the planets' masses, densities, and even their atmospheric compositions.

Beyond its scientific importance, the finding underscores the value of combining data from space-based observatories like TESS with precise ground-based instruments such as SPECULOOS and TRAPPIST. Together, they continue to expand our understanding of how planetary systems form and evolve across the galaxy.
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NASA's Webb finds life's building blocks frozen in a galaxy next door | ScienceDaily
In a finding that could change how scientists understand the spread of life's ingredients across space, astronomers have detected large organic molecules frozen in ice around a forming star called ST6 in a galaxy beyond the Milky Way.


						
Using the James Webb Space Telescope's (JWST) Mid-Infrared Instrument (MIRI), the research team identified five carbon-based compounds in the Large Magellanic Cloud, our closest neighboring galaxy. The study, led by University of Maryland and NASA scientist Marta Sewilo, was published in the Astrophysical Journal Letters on October 20, 2025.

Detecting Life's Chemical Ingredients in Alien Ice

Sewilo's group found five complex organic molecules (COMs) within the ice surrounding the young protostar. These included methanol and ethanol (both types of alcohol), methyl formate and acetaldehyde (industrial chemicals on Earth), and acetic acid (the main ingredient in vinegar). One of the compounds, acetic acid, had never before been definitively observed in space ice, while the others -- ethanol, methyl formate, and acetaldehyde -- were detected in ices outside the Milky Way for the first time.

The team also spotted signs of glycolaldehyde, a sugar-related molecule linked to RNA formation, though further analysis is required to confirm it.

JWST's Sharp Vision Opens a New Window on Cosmic Chemistry

"It's all thanks to JWST's exceptional sensitivity combined with high angular resolution that we're able to detect these faint spectral features associated with ices around such a distant protostar," Sewilo said. "The spectral resolution of JWST is sufficiently high to allow for reliable identifications."

Before the Webb telescope, methanol was the only complex organic molecule ever confirmed in ice around protostars -- even within our own galaxy. According to Sewilo, the extraordinary precision of the new data allowed her team to extract an unprecedented amount of information from a single spectrum.




A Harsh Galaxy as a Laboratory for Life's Origins

The discovery is especially striking because of where the molecules were found. The Large Magellanic Cloud, located about 160,000 light-years from Earth, is an ideal environment for studying how stars form in conditions resembling those of the early universe. This small galaxy has only about one-third to one-half the heavy elements (those with atomic numbers greater than helium) of our solar system and endures far more intense ultraviolet radiation.

"The low metallicity environment, meaning the reduced abundance of elements heavier than hydrogen and helium, is interesting because it's similar to galaxies at earlier cosmological epochs," Sewilo explained. "What we learn in the Large Magellanic Cloud, we can apply to understanding these more distant galaxies from when the universe was much younger. The harsh conditions tell us more about how complex organic chemistry can occur in these primitive environments where much fewer heavy elements like carbon, nitrogen and oxygen are available for chemical reactions."

How Complex Molecules Form on Cosmic Dust

Study co-author Will Rocha of Leiden University in the Netherlands noted that COMs can form in both the gas phase and in icy layers coating interstellar dust grains. Once formed, these ices can later release their molecules back into the gas. Methanol and methyl formate had already been observed in the gas phase within the Large Magellanic Cloud, but this is the first evidence that such molecules are also forming in the solid ice itself.

"Our detection of COMs in ices supports these results," Rocha said. "The detection of icy COMs in the Large Magellanic Cloud provides evidence that these reactions can produce them effectively in a much harsher environment than in the solar neighborhood."

Life's Ingredients May Have Formed Early in the Universe




The presence of these complex molecules in a low-metallicity environment similar to those found in the early universe suggests that the building blocks of life may have begun forming much earlier -- and in a wider range of conditions -- than scientists once thought.

While this discovery does not prove that life exists elsewhere, it indicates that organic compounds can endure through the process of planetary formation and potentially be incorporated into young planets, creating conditions where life might one day emerge.

Expanding the Search for Cosmic Chemistry

Sewilo and her collaborators plan to extend their work by examining more protostars in both the Large and Small Magellanic Clouds to explore how widespread these molecules may be.

"We currently only have one source in the Large Magellanic Cloud and only four sources with detection of these complex organic molecules in ices in the Milky Way. We need larger samples from both to confirm our initial results that indicate differences in COM abundances between these two galaxies," Sewilo said. "But with this discovery, we've made significant advancements in understanding how complex chemistry emerges in the universe and opening new possibilities for research into how life came to be."
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Hidden household toxin triples liver disease risk, study finds | ScienceDaily
Liver disease most often develops due to one of three major causes: excessive alcohol use, the buildup of fat in the liver associated with obesity, diabetes, and high cholesterol, or viral infections such as hepatitis B and C.


						
Researchers from Keck Medicine of USC have identified another potential cause of liver damage. A new study published in Liver International links tetrachloroethylene (PCE), a chemical widely used in dry cleaning and found in household products like adhesive glues, spot removers, and stainless steel polish, to serious liver harm.

According to the findings, exposure to PCE can triple the risk of significant liver fibrosis, a condition where scar tissue builds up in the liver. Over time, this scarring can progress to liver cancer, liver failure, or even death. The study also revealed a clear dose-response relationship: the greater the exposure to PCE, the higher the likelihood of developing liver fibrosis.

"This study, the first to examine the association between PCE levels in humans and significant liver fibrosis, underscores the underreported role environmental factors may play in liver health," said Brian P. Lee, MD, MAS, a hepatologist and liver transplant specialist with Keck Medicine and lead author of the study. "The findings suggest that exposure to PCE may be the reason why one person develops liver disease while someone with the exact same health and demographic profile does not."

Everyday Exposure to PCE

PCE is a man-made, colorless liquid widely used to remove grease in industrial and household settings, including dry cleaning. People are often exposed to the chemical through the air when it slowly evaporates from recently dry-cleaned clothes. It can also enter drinking water when spills or improper disposal contaminate soil and groundwater.

The International Agency for Research on Cancer classifies PCE as a probable carcinogen. Previous studies have connected it to bladder cancer, multiple myeloma, and non-Hodgkin lymphoma. Dr. Lee noted that other research has also linked PCE exposure to liver cancer.




Because of these health concerns, the U.S. Environmental Protection Agency has initiated a 10-year phaseout of PCE in dry cleaning and placed restrictions on its use in other industries. Still, the chemical persists in certain products and remains unregulated in some countries.

Study Findings: Greater Exposure, Greater Risk

Lee and his colleagues analyzed data from the National Health and Nutrition Examination Survey (NHANES), a large, nationally representative study of U.S. adults. They examined blood samples from participants aged 20 and older collected between 2017 and 2020 and found that about 7% of people had detectable levels of PCE.

Those with measurable PCE exposure were three times more likely to have significant liver fibrosis compared to those without exposure, regardless of age, sex, race, or education level.

Interestingly, higher-income individuals appeared more likely to have detectable PCE in their blood, possibly due to greater use of dry-cleaning services. However, workers in dry-cleaning facilities may face the highest risk because of long-term, direct contact with the chemical.

For every one nanogram per milliliter increase in PCE in the bloodstream (a nanogram equals one-billionth of a gram), the likelihood of significant liver fibrosis rose fivefold.




A Hidden Explanation for Unexplained Liver Disease

The researchers found that traditional risk factors like alcohol consumption and fat accumulation in the liver did not appear to influence fibrosis when PCE was present. "Patients will ask, how can I have liver disease if I don't drink and I don't have any of the health conditions typically associated with liver disease, and the answer may be PCE exposure," said Lee.

Dr. Lee emphasized that PCE may be just one of several environmental toxins contributing to liver disease. "No doubt there are other toxins in our environment besides PCE that are dangerous to the liver," he said.

He also hopes the findings will lead to earlier detection and better outcomes for those affected. "We hope our research will help both the public and physicians understand the connection between PCE exposure and significant liver fibrosis," Lee said. "If more people with PCE exposure are screened for liver fibrosis, the disease can be caught earlier and patients may have a better chance of recovering their liver function," said Lee.
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Scientists just found a material that beats diamond at its own game | ScienceDaily
Researchers at the University of Houston have achieved a major scientific milestone in the study of heat transfer. Their new findings overturn long-standing assumptions about thermal conductivity and reveal that boron arsenide (BAs) can conduct heat more effectively than diamond, which has long been considered the benchmark among isotropic materials.


						
The research team discovered that when BAs crystals are produced with exceptional purity, they can reach thermal conductivity values greater than 2,100 watts per meter per Kelvin (W/mK) at room temperature -- possibly surpassing diamond itself.

Published in Materials Today, the study challenges existing theoretical models and could reshape how scientists think about heat movement through solid materials. The results also point to a promising new semiconductor option for devices that demand advanced thermal management, including smartphones, high-power electronics, and data centers.

"We trust our measurement; our data is correct and that means the theory needs correction," said Zhifeng Ren, corresponding author and a professor of physics in UH's College of Natural Sciences and Mathematics. "I'm not saying the theory is wrong, but an adjustment needs to be made to be consistent with the experimental data."

Breaking Through Long-Held Limits

The discovery emerged from a collaboration among the University of Houston's Texas Center for Superconductivity (directed by Ren), the University of California, Santa Barbara, and Boston College.

For more than a decade, boron arsenide has intrigued scientists. In 2013, Boston College physicist and study co-author David Broido and colleagues predicted that BAs could theoretically conduct heat as efficiently -- or even better -- than diamond. However, revised models in 2017 added a complex factor known as four-phonon scattering, which reduced predicted performance to around 1,360 W/mK. This caused many in the field to abandon the idea that BAs could exceed diamond's conductivity.




Ren's group, however, suspected the problem wasn't the material's intrinsic ability but the impurities within it. Earlier experimental samples contained defects that limited performance to about 1,300 W/mK, well below the ideal conditions used in theoretical predictions.

Cleaner Crystals, Record-Breaking Results

By refining raw arsenic and developing improved synthesis methods, the UH-led team created boron arsenide crystals with significantly fewer imperfections. When tested, these high-purity samples demonstrated a remarkable thermal conductivity above 2,100 W/mK -- surpassing not only earlier experimental results but also the theoretical ceiling itself.

This achievement confirms that material purity plays a decisive role in heat transfer performance and opens a path toward even more efficient heat-conducting materials.

Why the Discovery Matters

The implications of this breakthrough extend far beyond laboratory measurements. Boron arsenide has the potential to revolutionize electronics and semiconductor technology by providing a material that both dissipates heat effectively and performs as a high-quality semiconductor.




Its advantages include:
    	Easier and more cost-effective manufacturing compared to diamond, without the need for extreme temperature or pressure.
    	Exceptional thermal conductivity combined with efficient semiconductor behavior.
    	Potentially superior electronic performance compared to silicon due to its high carrier mobility, wide band gap, and well-matched coefficient of thermal expansion.

"This new material, it's so wonderful," Ren said. "It has the best properties of a good semiconductor, and a good thermal conductor -- all sorts of good properties in one material. That has never happened in other semiconducting materials."

Looking Forward: Pushing the Boundaries of Physics

Although this discovery marks a new frontier, the work is ongoing. Researchers at the Texas Center for Superconductivity plan to continue refining their methods, aiming to enhance boron arsenide's performance even further.

The study is part of a $2.8 million National Science Foundation project led by Bolin Liao at UC Santa Barbara, with contributions from the University of Houston, the University of Notre Dame, and UC Irvine. The research also receives partial support from industrial partner Qorvo.

Ren encourages scientists to revisit existing models and challenge theoretical assumptions that may have underestimated materials like BAs.

"You shouldn't let a theory prevent you from discovering something even bigger, and this exactly happened in this work," Ren said.
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A 540-million-year-old fossil is rewriting evolution | ScienceDaily
Recently, Halloween may have brought thoughts of skeletons, but the true "skeleton age" began long ago during the early Cambrian Period, roughly 538 to 506 million years ago.


						
During this transformative era, many of Earth's major animal groups independently figured out how to create mineralized skeletons or shells. They typically did this in one of two ways: either by building mineral tissues on an organic framework (similar to how humans form bones and teeth) or by collecting minerals from their surroundings and binding them together into a hardened outer covering.

These construction strategies proved remarkably successful, persisting for more than half a billion years with little need for change.

A Fossil That Broke the Rules

Among the many Cambrian creatures, one stood out for doing things differently. Fossil evidence of Salterella -- a small, cone-shaped organism abundant in early Cambrian rocks -- reveals an unusual approach to skeleton building. So distinctive is this fossil that paleontologists often use it as an index fossil to determine the age of rock layers.

Unlike most of its contemporaries, Salterella didn't choose just one method for making its shell. It first built a conical outer structure and then filled the inner cavity with carefully selected mineral grains, creating a second layer inside the shell. This kind of double construction is almost unheard of among ancient animals.

"It makes Salterella difficult to place on the tree of life," explained Prescott Vayda, a geosciences graduate student who led a recent study on the mysterious fossil published in the Journal of Paleontology.




The Long Search for Salterella's True Home

Over the years, scientists have struggled to determine where Salterella fits in the evolutionary story. It was first grouped with squids and octopuses, then with sea slugs, jellyfish ancestors, and even worms. Eventually, in the 1970s, researchers gave up trying to fit it neatly into an existing category and created a new one for Salterella and a related fossil called Volborthella.

And there, for decades, the two remained -- isolated and misunderstood.

That began to change when Vayda and University Distinguished Professor Shuhai Xiao set out to find new connections.

"Finding the right place for these fossils is important for our understanding of how animals evolved skeletons and shells," said Vayda.

Fossil Clues from Across Continents

Vayda spent four years gathering Salterella samples from sites as far-flung as Death Valley, the Yukon in Canada, and Wythe County, Virginia. Collaborating with researchers at Virginia Tech, Johns Hopkins University, Dartmouth College, the University of Missouri, and the Denver Museum of Nature and Science, he analyzed the fossils' shapes, mineral makeup, and crystal structures to better understand their biology and origins.




What he found was that Salterella may have been small, but it was picky about its materials. It avoided clay minerals entirely, tolerated quartz, but seemed to prefer titanium-rich grains -- an impressively strong choice for an ancient organism.

No clays, for instance, ew. Quartz was acceptable, but not ideal. Titanium was choice, of course. Who wouldn't like a Titanium skeleton?

Reconstructing an Ancient Builder

The range of minerals used suggested that Salterella's inner structure served a purpose beyond mere protection. Researchers suspect the added minerals may have helped stabilize the shell or aided in feeding. The fossil evidence also hints that the animal may have possessed small appendages for picking up and arranging mineral grains.

"We're starting to get an image of their biology and where they fit in the larger web of life," said Vayda.

After examining their form, habitat, and shell structure, the team concluded that Salterella and Volborthella most likely belonged to the cnidarian group -- relatives of modern corals, jellyfish, and sea anemones.

Rediscovering a Lost Link in Evolution

Reconnecting this long-misunderstood branch of evolutionary history provides new insights into how early animals began forming shells and skeletons. These findings add another piece to the puzzle of life's earliest innovations and help clarify how complex body structures evolved on Earth.

And for Vayda, the motivation behind the work runs deeper: it's about "truly learning where we come from and the history of life on Earth, which is an amazing and beautiful thing."
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Scientists find 15 gut bacteria that may drive heart disease | ScienceDaily
    	Heart disease remains the world's top killer, claiming more lives each year than any other condition.
    	Scientists are uncovering how gut microbes may influence coronary artery disease (CAD), one of the most common and serious forms of heart disease.
    	A research team in Seoul has identified 15 specific bacterial species connected to CAD, offering new insight into how the gut and heart interact.
    	Their analysis reveals several biological pathways tied to disease severity, including heightened inflammation and disruptions in metabolism that may worsen heart health.

Cardiovascular diseases claim nearly 20 million lives each year, making them the leading cause of death worldwide. While genetics and lifestyle factors clearly affect a person's heart health, scientists are discovering that microorganisms living in the gut may also have an important influence. These microbes appear to be deeply involved in the development of coronary artery disease (CAD), though their exact roles have long been unclear.

Recent research suggests that the gut microbiome may promote CAD through a variety of biological pathways, influencing inflammation and metabolism in ways that impact the arteries. However, which specific bacteria are responsible -- and how they contribute to disease progression -- has remained uncertain.

Mapping Microbes in Coronary Artery Disease

Researchers in Seoul are beginning to unravel this mystery. Writing in mSystems, a team led by Han-Na Kim, Ph.D., at the Samsung Advanced Institute for Health Sciences and Technology at Sungkyunkwan University, examined how gut microbes interact with the cardiovascular system. "We've gone beyond identifying 'which bacteria live there' to uncovering what they actually do in the heart-gut connection," Kim explained.

The team analyzed fecal samples from 14 people with CAD and compared them to samples from 28 healthy participants using metagenomic sequencing, a powerful technique that identifies all the DNA within a sample. This approach allowed them to reconstruct the genetic makeup of individual microbes. From this analysis, the researchers identified 15 bacterial species linked to CAD and mapped the pathways that connect these microbes to the severity of the disease.

Inflammation, Imbalance, and Microbial Shifts

According to Kim, "Our high-resolution metagenomic map shows a dramatic functional shift toward inflammation and metabolic imbalance, a loss of protective short-chain fatty acid producers, such as Faecalibacterium prausnitzii, and an overactivation of pathways, such as the urea cycle, linked to disease severity."




The findings suggest that the gut ecosystem in people with CAD undergoes significant changes that promote inflammation and disrupt normal metabolic processes. These shifts may help explain why the gut microbiome plays such a strong role in cardiovascular disease.

When "Good" Bacteria Turn Harmful

Surprisingly, the study also showed that bacteria typically seen as beneficial can sometimes become harmful. Microbes such as Akkermansia muciniphila and F. prausnitzii, often considered "friendly" species, appear to act differently depending on whether they come from a healthy or a diseased gut. This dual nature, Kim noted, highlights how context can transform even protective microbes into contributors to disease.

The results also revealed how complex it is to link specific bacteria to disease outcomes. Earlier research had reported that certain species within the family Lachnospiraceae decrease in people with CAD. Yet Kim's team found that other Lachnospiraceae species actually increase in abundance. "Lachnospiraceae may be the Dr. Jekyll and Mr. Hyde of the gut," Kim said. Some types appear beneficial, while others may worsen disease. "The big unanswered question now is which strains are the healers, and which are the troublemakers."

Toward Precision Microbial Medicine

The researchers plan to combine microbial data with genetic and metabolic information to better understand how gut microbes influence heart disease at a mechanistic level. Their long-term goal is to develop precision-based treatments that use microbial insights to prevent cardiovascular disease before it begins.

Kim emphasized that prevention is the most promising approach to lowering the global impact of heart disease. Potential strategies could include microbial therapies -- such as stool-based diagnostic screening -- or dietary interventions designed to restore beneficial bacteria or inhibit harmful pathways.

By uncovering the specific bacterial species and biological mechanisms involved, scientists are moving closer to using the gut microbiome as a powerful tool for maintaining heart health.
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New study finds Ozempic and Mounjaro protect the heart too | ScienceDaily
Weight-loss drugs Ozempic and Mounjaro deliver impressive heart protection for people with type 2 diabetes.


						    	Large real-world study finds new GLP-1 drugs help protect the heart in people with cardiovascular risk.
    	Clear evidence shows these medications support heart health beyond their weight-loss effects.
    	Semaglutide (Ozempic) and tirzepatide (Mounjaro) offer similar levels of heart protection, with only small differences in results.

GLP-1 Drugs Linked to Better Heart Health

Injectable medications used for weight loss may also lower the risk of major cardiovascular problems in people with type 2 diabetes. Researchers from the Technical University of Munich (TUM) and Harvard Medical School reached this conclusion after analyzing insurance claims data. Their findings show that semaglutide and tirzepatide (sold as Ozempic and Mounjaro) can reduce the risk of serious heart-related events by as much as 18 percent.

The research, published in Nature Medicine, drew on a vast collection of data from U.S. health insurance records. "Those data are collected in routine clinical care and can be used for research. They allow us to answer a broad range of relevant questions efficiently. Importantly, we are studying patients who reflect everyday clinical practice -- unlike the highly selected participants typically enrolled in randomized trials," explains Dr. Nils Kruger, the study's lead author and a physician at the Department of Cardiovascular Diseases at the TUM University Hospital German Heart Center.

Heart Protection Beyond Weight Loss

The results clearly indicate that these newer diabetes treatments help protect the heart in people with elevated cardiovascular risk. Compared with sitagliptin, a diabetes medication known to provide no measurable heart benefits, semaglutide cut the risk of stroke and heart attack by 18 percent. Tirzepatide lowered the combined risk of stroke, heart attack, and death by 13 percent compared with dulaglutide, an older GLP-1 drug already in use.

"Both substances have a cardioprotective effect. Our data show that the benefits emerge from early on, indicating that the effect goes beyond weight loss alone," says Dr. Kruger. However, researchers note that the biological mechanisms behind this protective effect remain uncertain.




Because semaglutide and tirzepatide are relatively new, studies directly examining their cardiovascular effects have been limited, especially those comparing the two drugs head-to-head. The research team from TUM, Harvard Medical School, and Brigham and Women's Hospital aimed to fill this knowledge gap to guide better treatment decisions for patients at risk of heart disease.

Comparing Ozempic and Mounjaro

"According to the manufacturers' claims, each one suggests its own product is more effective than the competitor's at reducing cardiovascular risk," says Prof. Heribert Schunkert, Director of the Department of Cardiovascular Diseases at TUM University Hospital. "Our study, however, shows only small differences in heart outcomes between tirzepatide and semaglutide in the risk groups we analyzed."

Dr. Kruger adds: "We hope our findings will provide clarity to physicians about how these new medications perform in clinical practice. Our transparent study design is also intended to support open scientific discussion about whether and how modern GLP-1 drugs should become part of the standard therapeutic repertoire in cardiovascular medicine."

Recently, Dr. Kruger's team was able to show that treatment with semaglutide or tirzepatide can reduce health risks for people with heart failure with preserved ejection fraction by over 40 percent. The study has been published in the journal JAMA (PMID: 40886075). 

This work was funded by the National Institutes of Health (R01-HL141505, R01-AR080194) and the German Heart Foundation (S/02/24, SRF-HF/24, RWE/11/25).
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Wegovy and Ozempic tied to dramatically lower cancer deaths | ScienceDaily
A new study from the University of California San Diego suggests that glucagon-like peptide-1 (GLP-1) receptor agonists, a class of medications originally developed for type 2 diabetes, may have benefits that extend far beyond blood sugar and weight management. These drugs, which include semaglutide (sold as Ozempic and Wegovy) and tirzepatide (known as Mounjaro), are already well known for helping people lose weight and manage metabolic conditions. Now, researchers have discovered that they might also be linked to better survival outcomes in colon cancer patients.


						
The study analyzed medical records from more than 6,800 people diagnosed with colon cancer across University of California Health facilities. Patients who were taking GLP-1 medications were less than half as likely to die within five years compared to those not using the drugs (15.5% versus 37.1%). This striking difference points to a potentially powerful new use for drugs that are already transforming diabetes and obesity treatment.

The research was led by Raphael Cuomo, Ph.D., an associate professor in the Department of Anesthesiology at UC San Diego School of Medicine and a member of the UC San Diego Moores Cancer Center. His team used the University of California Health Data Warehouse to review outcomes across the state's academic medical centers.

After accounting for important factors such as age, body mass index (BMI), cancer severity, and other health conditions, the team found that people taking GLP-1 drugs still had a significantly lower risk of death. This consistency suggests the protective benefit of GLP-1 therapy may be independent of other medical or lifestyle variables.

Why GLP-1 Drugs Might Protect Against Cancer

The benefit appeared strongest in patients with obesity (BMI over 35). This finding hints that GLP-1 drugs may help offset some of the inflammation and metabolic stress that can make cancer harder to treat.

Scientists are exploring several possible explanations for this effect. GLP-1 receptor agonists are known to lower inflammation throughout the body, enhance insulin sensitivity, and promote weight loss -- all factors that can influence cancer growth and progression. Experimental studies in laboratories also indicate that GLP-1 drugs may directly inhibit the growth of tumor cells, encourage cancer cell death, and alter the surrounding environment within tumors to make them less supportive of disease spread.




However, researchers caution that it is still unclear whether the lower death rate seen in this study reflects a direct anti-cancer action or an indirect result of improved overall metabolic health.

Next Steps: Clinical Trials Needed

Dr. Cuomo emphasized that the findings are observational, meaning they do not yet prove that GLP-1 drugs directly improve cancer outcomes. These results highlight an urgent need for clinical trials to test whether GLP-1 medications can actually enhance cancer survival, particularly among patients with obesity-related cancers.

The study was published in Cancer Investigation on November 11, 2025.
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Earth is slowly peeling its continents from below, fueling ocean volcanoes | ScienceDaily
Earth scientists have uncovered a slow and surprising process beneath our planet's surface that helps fuel volcanic activity in the oceans.


						
Researchers from the University of Southampton found that fragments of continents are gradually stripped away from below and drawn into the oceanic mantle -- the hot, mostly solid layer beneath the sea floor that slowly circulates. Once there, this continental material can power volcanic eruptions for tens of millions of years.

This discovery resolves a long-standing geological puzzle: why certain ocean islands located far from tectonic plate boundaries contain chemical signatures that look distinctly continental, even though they lie in the middle of vast oceans.

The study, published in Nature Geoscience, was conducted by an international team from the University of Southampton, GFZ Helmholtz Centre for Geosciences in Potsdam, the University of Potsdam, Queen's University (Canada), and Swansea University.

Ancient chemical clues deep within the mantle

Ocean islands such as Christmas Island in the northeast Indian Ocean often contain unusually high concentrations of certain "enriched" elements that typically come from continents. Scientists have compared this mixing process to the motion of a cake mixer folding in older, recycled ingredients from deep within the Earth.

For years, geologists assumed these enriched elements came from ocean sediments pulled into the mantle when tectonic plates sink, or from columns of rising hot rock known as mantle plumes.




However, those explanations have limits. Some volcanic regions lack evidence of recycled crust, while others seem too shallow and cool to be driven by deep mantle plumes.

"We've known for decades that parts of the mantle beneath the oceans look strangely contaminated, as if pieces of ancient continents somehow ended up in there," said Thomas Gernon, Professor of Earth Science at the University of Southampton and the study's lead author. "But we haven't been able to adequately explain how all that continental material got there."

Continents are peeling from below

The researchers propose a new mechanism: continents not only split apart at the surface but also peel away from below, and across far greater distances than scientists once believed possible.

To test this, the team built computer simulations that recreated how the mantle and continental crust behave when stretched by tectonic forces.

Their results show that when continents begin to break apart, powerful stresses deep within the Earth trigger a slow-moving "mantle wave." This rolling motion travels along the base of the continents at depths of 150 to 200 kilometers, disturbing and gradually stripping material from their deep roots.




The process happens at an incredibly slow rate -- roughly a millionth the speed of a snail. Over time, these detached fragments are carried sideways for more than 1,000 kilometers into the oceanic mantle, where they feed volcanic activity for tens of millions of years.

Study co-author Professor Sascha Brune of GFZ in Potsdam explained, "We found that the mantle is still feeling the effects of continental breakup long after the continents themselves have separated. The system doesn't switch off when a new ocean basin forms -- the mantle keeps moving, reorganizing, and transporting enriched material far from where it originated."

Clues from the Indian Ocean

To support their model, the team analyzed chemical and geological data from regions such as the Indian Ocean Seamount Province -- a chain of volcanic formations that appeared after the breakup of the supercontinent Gondwana over 100 million years ago.

Their findings show that soon after Gondwana split apart, a pulse of magma unusually rich in continental material erupted to the surface. Over time, this chemical signature gradually faded as the flow of material from beneath the continents diminished. Notably, this happened without the presence of a deep mantle plume, challenging long-held assumptions about the source of such volcanism.

Professor Gernon added: "We're not ruling out mantle plumes, but this discovery points to a completely new mechanism that also shapes the composition of the Earth's mantle. Mantle waves can carry blobs of continental material far into the oceanic mantle, leaving behind a chemical signature that endures long after the continents have broken apart."

The research also builds on the team's earlier work showing that these slow, rolling mantle waves can have dramatic effects deep inside continents. Their previous studies suggest that such waves may help trigger diamond eruptions and even reshape landscapes thousands of kilometers away from tectonic boundaries.
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Scientists shocked as bumblebees learn to read simple "Morse code" | ScienceDaily
Researchers at Queen Mary University of London have discovered that an insect, the bumblebee Bombus terrestris, can choose where to gather food by recognizing how long a visual signal lasts.


						
In Morse code, short flashes or "dots" stand for the letter "E," while longer flashes or "dashes" represent the letter "T." Until now, only humans and a few other vertebrates, including pigeons and macaques, were known to distinguish between these two durations.

Training Bees to Recognize Light Durations

PhD student Alex Davidson and his supervisor, Dr. Elisabetta Versace, Senior Lecturer in Psychology at Queen Mary, led the research team. They designed a special maze to test whether bees could link different light durations to rewards. Each bee was trained to find a sugar treat at one of two flashing circles, which either emitted a short flash ("dot") or a long flash ("dash"). When the short flash led to a sugar reward, the longer flash indicated a bitter substance that bees prefer to avoid.

To ensure the bees were using timing rather than location, the researchers changed the positions of the two flashing circles in each section of the maze. Once the bees consistently flew toward the light associated with sugar, the team removed the sugar to see if the insects would still choose based on flash duration instead of scent or other cues.

Bees Learn Through Timing, Not Position

The results showed that most bees went directly to the light with the duration previously linked to sugar, regardless of where it was positioned. This confirmed that the bees had learned to differentiate between short and long flashes of light.




Alex Davidson said: "We wanted to find out if bumblebees could learn the difference between these different durations, and it was so exciting to see them do it."

Time Perception in Tiny Brains

"Since bees don't encounter flashing stimuli in their natural environment, it's remarkable that they could succeed at this task," Davidson added. "The fact that they could track the duration of visual stimuli might suggest an extension of a time processing capacity that has evolved for different purposes, such as keeping track of movement in space or communication."

"Alternatively, this surprising ability to encode and process time duration might be a fundamental component of the nervous system that is intrinsic in the properties of neurons. Only further research will be able to address this issue."

Exploring the Biology of Timekeeping

Scientists still know little about how bees or other animals measure short durations of time. The known systems that regulate daily cycles (circadian rhythms) or seasonal patterns operate too slowly to explain this precise timing ability for flashes that differ by fractions of a second.

Some theories propose that animals may have one or more internal clocks operating at different scales. Now that this ability has been demonstrated in insects, researchers can test how such timing mechanisms function in miniature brains that are smaller than a cubic millimeter.

What This Means for Understanding Intelligence

Dr. Versace explained: "Many complex animal behaviors, such as navigation and communication, depend on time processing abilities. It will be important to use a broad comparative approach across different species, including insects, to shed light on the evolution of those abilities. Processing durations in insects is evidence of a complex task solution using minimal neural substrate. This has implications for complex cognitive-like traits in artificial neural networks, which should seek to be as efficient as possible to be scalable, taking inspiration from biological intelligence."
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What brain scans reveal about soccer fans' passion and rage | ScienceDaily
Researchers studying the brains of soccer fans found that certain areas of the brain light up when people watch matches featuring their favorite team. These neural circuits trigger strong emotional reactions -- both positive and negative -- depending on how the game unfolds. The findings, published in Radiology (a journal of the Radiological Society of North America, RSNA), suggest that the same brain mechanisms that drive sports passion could also underlie other forms of fanaticism. According to the authors, these emotional circuits begin forming early in life.


						
Soccer's worldwide following makes it an ideal model for studying social identity and emotional processing. Fans display a wide range of behaviors, from casual support to intense, deeply personal involvement with their teams. Rivalries, which have long been part of sports history, can evoke fierce loyalty and emotional extremes. Fans often experience joy when their team scores and anger or frustration at losses or poor referee calls. These deep attachments, particularly common in Europe and South America, make soccer fandom a valuable case study for understanding how group identity shapes emotion and behavior.

Exploring the Neuroscience of Fanaticism

"Soccer fandom provides a high-ecological-validity model of fanaticism with quantifiable life consequences for health and collective behavior," said lead author Francisco Zamorano, biologist, Ph.D. in medical sciences at Clinica Alemana de Santiago and associate professor at Facultad de Ciencias para el Cuidado de la Salud, Universidad San Sebastian, Santiago, Chile. "While social affiliation has been widely studied, the neurobiological mechanisms of social identity in competitive settings are unclear, so we set out to investigate the brain mechanisms associated with emotional responses in soccer fans to their teams' victories and losses."

The research team used functional MRI (fMRI) -- a method that measures brain activity by tracking changes in blood flow -- to scan 60 healthy male soccer fans (ages 20-45) who supported two historically rival teams. Participants completed the Football Supporters Fanaticism Scale, a 13-item questionnaire measuring two aspects of fandom: "Inclination to Violence" and "Sense of Belongingness."

During the scans, participants watched 63 goal clips featuring their own team, their rival, or a neutral team. The researchers then compared brain responses when a fan's team scored against a rival (a significant victory) with responses when the rival scored against them (a significant defeat). Control conditions were used for goals involving non-rival teams.

How the Brain Reacts to Victory and Defeat

The results showed that brain activity shifted dramatically depending on whether the participant's team succeeded or failed.




"Rivalry rapidly reconfigures the brain's valuation-control balance within seconds," Dr. Zamorano said. "With significant victory, the reward circuitry in the brain is amplified relative to non-rival wins, whereas in significant defeat the dorsal anterior cingulate cortex (dACC) -- which plays an important role in cognitive control -- shows paradoxical suppression of control signals."

Paradoxical suppression occurs when an effort to restrain a thought, feeling, or behavior produces the opposite effect, intensifying rather than diminishing it.

When Emotion Overpowers Control

The scans revealed higher activity in the brain's reward regions when a participant's team scored against a rival compared to non-rival matches. This suggests that rivalry strengthens in-group bonds and reinforces social identity. Dr. Zamorano noted that the effect was strongest among the most devoted fans, whose self-regulatory systems temporarily failed when their team identity felt threatened -- explaining why some fans may react impulsively during high-stakes moments.

"Clinically, the pattern implies a state-dependent vulnerability whereby a brief cooling-off or removal from triggers might permit the dACC/salience control system to recover," he explained. "The same neural signature -- reward up, control down under rivalry -- likely generalizes beyond sport to political and sectarian conflicts."

From Sports Passion to Social Polarization

According to Dr. Zamorano, understanding these brain mechanisms could inform communication strategies, crowd management, and prevention efforts at emotionally charged events.




"Studying fanaticism matters because it reveals generalizable neural mechanisms that can scale from stadium passion to polarization, violence and population-level public-health harm," he said. "Most importantly, these very circuits are forged in early life: caregiving quality, stress exposure, and social learning sculpt the valuation-control balance that later makes individuals vulnerable to fanatic appeals. Therefore, protecting childhood is the most powerful prevention strategy. Societies that neglect early development do not avoid fanaticism; they inherit its harms."

Beyond the Stadium: Lessons for Society

The study's authors emphasize that soccer fandom offers an ethical, controlled way to study these neural processes and test strategies that could apply to broader social issues -- including political division, sectarian conflict, and online tribalism.

Dr. Zamorano added that this research carries urgency amid today's global tensions and political polarization. He pointed to the January 6, 2021, U.S. Capitol assault as an example of how intense group identity can override democratic norms when cognitive control breaks down.

"The participants showed classic signs of compromised cognitive control, exactly what our study found in the reduced dACC activation," he said. "In short, investigating fanaticism is not merely descriptive -- it is developmentally informed prevention that protects public health and strengthens democratic cohesion. When we discuss fanaticism, the facts speak for themselves."
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Brain-like learning found in bacterial nanopores | ScienceDaily
Pore-forming proteins are widespread across living organisms. In humans, they are essential for immune defense, while in bacteria they often act as toxins that puncture cell membranes. These microscopic pores allow ions and molecules to move through membranes, controlling molecular traffic within cells. Because of their precision and control, scientists have adapted them as nanopore tools for biotechnology, such as in DNA sequencing and molecular sensing.


						
Although biological nanopores have revolutionized biotechnology, they can behave in complex and sometimes erratic ways. Researchers still lack a complete understanding of how ions travel through them or why ion flow occasionally stops altogether.

Two particularly puzzling behaviors have long intrigued scientists: rectification and gating. Rectification occurs when the flow of ions changes depending on the "sign" (plus or minus -- positive or negative) of the voltage applied. Gating happens when the ion flow suddenly decreases or stops. These effects, especially gating, can disrupt nanopore-based sensing and have remained difficult to explain.

A research team led by Matteo Dal Peraro and Aleksandra Radenovic at EPFL has now identified the physical mechanisms behind these two effects. Using a combination of experiments, simulations, and theoretical modeling, they found that both rectification and gating arise from the nanopore's own electrical charges and the way those charges interact with the ions moving through the pore.

Experimenting With Electric Charges

The team studied aerolysin, a bacterial pore commonly used in sensing research. They modified the charged amino acids lining its interior to create 26 nanopore variants, each with a distinct charge pattern. By observing how ions traveled through these modified pores under different conditions, they were able to isolate key electrical and structural factors.

To better understand how these effects evolve over time, the scientists applied alternating voltage signals to the nanopores. This approach allowed them to distinguish rectification, which occurs quickly, from gating, which develops more slowly. They then built biophysical models to interpret their data and reveal the mechanisms at work.




How Nanopores Learn Like the Brain

The researchers discovered that rectification happens because of how the charges along the inner surface influence ion movement, making it easier for ions to flow in one direction than the other, similar to a one-way valve. Gating, in contrast, occurs when a heavy ion flow disrupts the charge balance and destabilizes the pore's structure. This temporary collapse blocks ion passage until the system resets.

Both effects depend on the exact placement and type of electrical charge within the nanopore. By reversing the charge "sign," the team could control when and how gating occurred. When they increased the pore's rigidity, gating stopped completely, confirming that structural flexibility is key to this phenomenon.

Toward Smarter Nanopores

These findings open new possibilities for engineering biological nanopores with custom properties. Scientists can now design pores that minimize unwanted gating for applications in nanopore sensing, or deliberately use gating for bio-inspired computing. In one demonstration, the team created a nanopore that mimics synaptic plasticity, "learning" from voltage pulses much like a neural synapse. This discovery suggests that future ion-based processors could one day harness such molecular "learning" to power new forms of computing.
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AI revives lost 3,000-year-old Babylonian hymn | ScienceDaily
A long-lost hymn of praise dating back to around 1000 BCE has been identified through modern technology. Professor Enrique Jimenez of LMU uncovered the text and linked it to 30 additional manuscripts using artificial intelligence.


						
Working in partnership with the University of Baghdad, Professor Jimenez rediscovered a Babylonian text that had remained hidden for more than a millennium. "It's a fascinating hymn that describes Babylon in all its majesty and gives insights into the lives of its inhabitants, male and female," he explained. Founded around 2000 BCE in Mesopotamia, Babylon grew into the largest city of its time and became a thriving center of culture and scholarship. Many of its writings remain cornerstones of the world's literary heritage.

Preserving Babylon's Written Legacy

Babylonian works were inscribed in cuneiform on clay tablets, many of which have survived only in fragments. One of the key goals of the LMU-Baghdad collaboration is to decipher hundreds of cuneiform tablets from the renowned Sippar Library and ensure their preservation. According to legend, Noah concealed these tablets there before the flood.

Through the Electronic Babylonian Library Platform, Jimenez and his team are digitally archiving all known cuneiform fragments from around the world. Artificial intelligence helps match pieces that belong together, revealing connections long missed by scholars. "Using our AI-supported platform, we managed to identify 30 other manuscripts that belong to the rediscovered hymn -- a process that would formerly have taken decades," said Jimenez, who teaches at LMU's Institute of Assyriology. The additional fragments made it possible to fully reconstruct the hymn, including sections that were previously incomplete.

Insights Into Babylonian Society and Daily Life

The discovery of so many copies suggests that the hymn was widely known in its time. "The hymn was copied by children at school. It's unusual that such a popular text in its day was unknown to us before now," noted Jimenez. The poem, dating from the early first millennium BCE, contains around 250 lines.

"It was written by a Babylonian who wanted to praise his city. The author describes the buildings in the city, but also how the waters of the Euphrates bring the spring and green the fields. This is all the more spectacular as surviving Mesopotamian literature is sparing in its descriptions of natural phenomena," said Jimenez. The text also sheds light on women's roles in Babylon, including priestly duties that were previously undocumented. Moreover, the hymn portrays a society that valued respect and hospitality toward foreigners -- an aspect rarely detailed in ancient literature.

A Legacy Preserved in Stone and Song

Today, the ruins of Babylon lie about 85 kilometers south of Baghdad, Iraq. Recognized as a UNESCO World Heritage Site, the city's remnants continue to tell stories of a civilization whose voice, after 3,000 years, can once again be heard.
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The rarest element on Earth could revolutionize cancer treatment | ScienceDaily
Astatine is the rarest naturally occurring element on Earth and among the least explored in the periodic table. True to its Greek name meaning "unstable," it exists only fleetingly in nature. Yet scientists at Texas A&M University have found a way to harness its potential. Using cyclotron beams and advanced chemical techniques, they have created a method to produce, isolate, and ship astatine-211 (At-211), an isotope that -- despite its instability and short 7.2-hour half-life -- shows remarkable promise in targeted cancer treatment.


						
The "Goldilocks" Isotope for Cancer Therapy

At-211 is often called the "perfect" or "Goldilocks" isotope because it can deliver just the right amount of radiation to destroy cancer cells while leaving the surrounding tissue unharmed. This breakthrough isotope has demonstrated strong potential against blood cancers, ovarian tumors, and certain brain cancers. Within the Texas A&M Cyclotron Institute, scientists are producing At-211 using the K150 cyclotron with support from the U.S. Department of Energy (DOE) Isotope Program. Since 2023, Texas A&M has been one of only two national suppliers of astatine for targeted cancer therapy through the National Isotope Development Center (NIDC) and its University Isotope Network.

"Targeted alpha therapy is a potentially transformative cancer therapeutic of great interest due to its ability to cause large amounts of damage near a tumor cell while keeping the healthy surrounding tissue and organs intact," said Texas A&M Distinguished Professor and Regents Professor of Chemistry Dr. Sherry J. Yennello, director of the Cyclotron Institute. "We are one of a handful of U.S. centers capable of routinely producing astatine in medically relevant quantities and delivering it to nearby facilities."

Harnessing the Power of Alpha Particles

When astatine decays, it emits alpha particles -- tiny clusters made of two protons and two neutrons -- that can release powerful, localized bursts of energy. These alpha particles are highly effective in destroying cancer cells because they travel only a short distance before releasing their energy, minimizing damage to healthy tissue. When At-211 is positioned within or near tumors, its alpha emissions penetrate just deep enough to eliminate cancerous cells while sparing surrounding organs.

At-211's short half-life also means it quickly loses its radioactivity, making it less toxic than longer-lived radiopharmaceuticals. Unlike many other isotopes, At-211 does not produce harmful secondary alpha decay, ensuring that its energy is used efficiently for therapy. This combination of precision and safety has drawn attention from researchers and pharmaceutical developers worldwide. It is already being tested in clinical trials for blood cancers and explored for potential use in treating Alzheimer's disease.




"Astatine-211's availability remains the biggest hurdle to harnessing its potential to transform the future of nuclear medicine," Yennello said. "Fortunately, the advances we're making here at Texas A&M will go a long way toward addressing that."

A Breakthrough in Isotope Production and Transport

One of Texas A&M's major achievements has been the creation of an automated system to separate and ship At-211. This patent-pending technology purifies the isotope by removing it from the bismuth target and then loads it onto a shipping column for incorporation into targeted alpha therapy drugs. According to Yennello, the new resin-column trapping technique allows for faster processing, enabling larger quantities of At-211 to be shipped with minimal decay and reduced risk compared with traditional methods. This improvement strengthens the case for At-211 as a viable next-generation cancer treatment.

Texas A&M has already delivered significant batches of At-211 to collaborators, including the University of Alabama at Birmingham and MD Anderson Cancer Center, which has received more than two dozen shipments. These partnerships are helping researchers refine At-211-based radiopharmaceuticals and deepen understanding of its chemical behavior.

Collaboration and Global Progress

Yennello and Dr. Federica Pisaneschi, a former MD Anderson radiochemist now at the University of Texas Health Science Center at Houston, are scheduled to present their findings at the 2025 World Astatine Community Meeting in New Orleans. Their talk, titled "The Texas Two-Step," will highlight their combined experience producing, shipping, and applying At-211 for therapeutic use. This first U.S.-based meeting will bring together researchers and commercial groups dedicated to expanding At-211's role in cancer treatment worldwide.

Yennello recently shared Texas A&M's progress at another major event -- the 26th International Symposium on Radiopharmaceutical Sciences, held in Queensland -- where she emphasized growing international interest in At-211 research.

"Although clinical trials in humans are in the early stages, there are initiatives currently looking at astatine-211's potential in Japan, several European countries and the United States," Yennello said. "I'm looking forward to sharing Texas A&M's success in producing and supplying astatine-211 while also learning more about global progress in our common efforts to better understand its chemical properties and possible therapeutic advancement in oncology."

This pioneering research is supported by the DOE Office of Science through the DOE Isotope Program, by Texas A&M through the Bright Chair in Nuclear Science, and by The Texas A&M University System Nuclear Security Office in partnership with Los Alamos National Laboratory.
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Entangled spins give diamonds a quantum advantage | ScienceDaily
The quest to create useful quantum technologies begins with a deep understanding of the strange laws that govern quantum behavior and how those principles can be applied to real materials. At the University of California, Santa Barbara, physicist Ania Jayich, Bruker Endowed Chair in Science and Engineering, Elings Chair in Quantum Science, and co-director of the NSF Quantum Foundry, leads a lab where the key material is laboratory-grown diamond.


						
Working at the intersection of quantum physics and materials science, Jayich and her team study how precise atomic-scale imperfections in diamond -- known as spin qubits -- can be engineered for advanced quantum sensing. Among the group's standout researchers, Lillian Hughes, who recently completed her Ph.D. and is heading to Caltech for postdoctoral work, made a major breakthrough in this field.

Through three co-authored papers -- one in PRX in March and two in Nature in October -- Hughes demonstrated for the first time that not just individual qubits but two-dimensional ensembles of many quantum defects can be organized and entangled inside diamond. This achievement marks a milestone toward solid-state systems that deliver a measurable quantum advantage in sensing, opening a new path for the next generation of quantum devices.

Engineering Quantum Defects in Diamond

"We can create a configuration of nitrogen-vacancy (NV) center spins in the diamonds with control over their density and dimensionality, such that they are densely packed and depth-confined into a 2D layer," Hughes explained. "And because we can design how the defects are oriented, we can engineer them to exhibit non-zero dipolar interactions." This accomplishment formed the basis of the PRX study, "A strongly interacting, two-dimensional, dipolar spin ensemble in (111)-oriented diamond."

An NV center consists of a nitrogen atom replacing a carbon atom and an adjacent vacancy where a carbon atom is missing. "The NV center defect has a few properties, one of which is a degree of freedom called a spin -- a fundamentally quantum mechanical concept. In the case of the NV center, the spin is very long lived," said Jayich. "These long-lived spin states make NV centers useful for quantum sensing. The spin couples to the magnetic field that we're trying to sense."

From MRI to Quantum Sensing

The concept of using spin as a sensor dates back to the development of magnetic resonance imaging (MRI) in the 1970s. Jayich explained that MRI works by controlling the alignment and energy states of protons and detecting the signals they emit as they relax, forming an image of internal structures.




"Previous quantum-sensing experiments conducted in a solid-state system have all made use of single spins or non-interacting spin ensembles," Jayich said. "What's new here is that, because Lillian was able to grow and engineer these very strongly interacting dense spin ensembles, we can actually leverage the collective behavior, which provides an extra quantum advantage, allowing us to use the phenomena of quantum entanglement to get improved signal-to-noise ratios, providing greater sensitivity and making a better measurement possible."

Why Diamond Matters for Quantum Sensors

The type of entanglement-assisted sensing demonstrated by Hughes has been shown before, but only in gas-phase atomic systems. "Ideally, for many target applications, your sensor should be easy to integrate and to bring close to the system under study," Jayich said. "It is much easier to do that with a solid-state material, like diamond, than with gas-phase atomic sensors on which, for instance, GPS is based. Furthermore, atomic sensors require significant auxiliary hardware to confine and control, such as vacuum chambers and numerous lasers, making it hard to bring an atomic sensor within nanometer-scale proximity to a protein, for instance, prohibiting high-spatial-resolution imaging."

Jayich's team is especially focused on using diamond-based quantum sensors to study electronic properties of materials. "You can place material targets into nanometer-scale proximity of a diamond surface, thus bringing them really close to sub-surface NV centers," Jayich explained. "So it's very easy to integrate this type of diamond quantum sensor with a variety of interesting target systems. That's a big reason why this platform is so exciting."

Probing Materials and Biology with Quantum Precision

"A solid-state magnetic sensor of this kind could be very useful for probing, for instance, biological systems," Jayich said. "Nuclear magnetic resonance [NMR] is based on detecting very small magnetic fields coming from the constituent atoms in, for example, biological systems. Such an approach is also useful if you want to understand new materials, whether electronic materials, superconducting materials, or magnetic materials that could be useful for a variety of applications."

Overcoming Quantum Noise




Every measurement has a limit set by noise, which restricts precision. A fundamental form of this noise, called quantum projection noise, sets what's known as the standard quantum limit -- the point beyond which unentangled sensors cannot improve. If scientists can engineer specific interactions between sensors, they can surpass this boundary. One way to do this is through spin squeezing, which correlates quantum states to reduce uncertainty.

"It's as if you were trying to measure something with a meter stick having gradations a centimeter apart; those centimeter-spaced gradations are effectively the amplitude of the noise in your measurement. You would not use such a meter stick to measure the size of an amoeba, which is much smaller than a centimeter," Jayich said. "By squeezing -- silencing the noise -- you effectively use quantum mechanical interactions to 'squish' that meter stick, effectively creating finer gradations and allowing you to measure smaller things more precisely."

Amplifying Quantum Signals

The team's second Nature paper details another strategy for improving measurement: signal amplification. This approach strengthens the signal without increasing noise. In the meter stick analogy, amplifying the signal makes the amoeba appear larger so that even coarse measurement markings can capture it accurately.

Looking ahead, Jayich is confident about applying these principles in real-world systems. "I don't think the foreseen technical challenges will prevent demonstrating a quantum advantage in a useful sensing experiment in the near future," she said. "It's mostly about making the signal amplification stronger or increasing the amount of squeezing. One way to do that is to control the position of the spins in the 2Dxy plane, forming a regular array."

"There's a materials challenge here, in that, because we can't dictate exactly where the spins will incorporate, they incorporate in somewhat random fashion within a plane," Jayich added. "That's something we're working on now, so that eventually we can have a grid of these spins, each placed a specific distance from each other. That would address an outstanding challenge to realizing practical quantum advantage in sensing."
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Tiny implant wipes out bladder cancer in 82% of patients | ScienceDaily
A new targeted drug delivery system called TAR-200 has shown remarkable results in a phase 2 clinical trial, eliminating tumors in 82% of patients with high-risk non-muscle-invasive bladder cancer that had resisted prior treatment.


						
In most cases, the cancer disappeared within three months of therapy, and nearly half of the patients remained cancer-free one year later.

"Traditionally, these patients have had very limited treatment options. This new therapy is the most effective one reported to date for the most common form of bladder cancer," said Sia Daneshmand, MD, director of urologic oncology at Keck Medicine of USC and lead author of the study, which was published in the Journal of Clinical Oncology. "The findings of the clinical trial are a breakthrough in how certain types of bladder cancer might be treated, leading to improved outcomes and saved lives.

How the TAR-200 System Works

The TAR-200 device is a small, pretzel-shaped implant that holds the chemotherapy drug gemcitabine. It is inserted into the bladder using a catheter, where it gradually releases the drug over the course of three weeks in each treatment cycle.

Traditionally, gemcitabine has been delivered as a liquid solution that remains in the bladder for only a few hours, which limited its effectiveness in killing cancer cells, said Daneshmand, who is also a member of the USC Norris Comprehensive Cancer Center.

"The theory behind this study was that the longer the medicine sits inside the bladder, the more deeply it would penetrate the bladder and the more cancer it would destroy," he explained. "And it appears that having the chemotherapy released slowly over weeks rather than in just a few hours is a much more effective approach."

Details of the Global Clinical Trial




The study, called SunRISe-1, took place at 144 sites around the world, including Keck Hospital of USC. It enrolled 85 patients diagnosed with high-risk non-muscle-invasive bladder cancer.

This form of cancer is the most common type of bladder cancer. It is classified as high risk when tumors are more likely to recur or spread into the bladder's muscle layer or to other areas of the body.

Standard Treatments and the Need for New Options

Patients in the trial had previously been treated with Bacillus Calmette-Guerin (BCG), an immunotherapy drug that is the current standard of care. However, for a portion of patients, BCG is ineffective and the cancer returns.

"The standard treatment plan for these patients was surgery to remove the bladder and surrounding tissue and organs, which has many health risks and may negatively impact patients' quality of life," said Daneshmand.

Strong Results with Fewer Side Effects

To provide a safer alternative, doctors administered TAR-200 every three weeks for six months, followed by four treatments per year for the next two years. Out of 85 patients, 70 experienced complete tumor disappearance, and nearly half remained cancer-free after one year. The therapy was well tolerated, with minimal side effects reported.




Researchers also found that combining TAR-200 with another immunotherapy drug (cetrelimab) was less effective and caused more side effects than TAR-200 alone.

Participants in the study will continue to be monitored for another year, but enrollment is now closed.

The Promise of Slow-Release Cancer Therapies

This study is part of a growing wave of research exploring slow-release drug delivery systems for cancer treatment. These approaches aim to provide longer-lasting exposure to cancer-fighting drugs directly at the tumor site.

"We are at an exciting moment in history," said Daneshmand, who has been investigating this technology since 2016. "Our mission is to deliver cancer-fighting medications into the bladder that will offer lasting remission from cancer, and it looks like we are well on our way toward that goal."

The U.S. Food and Drug Administration has granted TAR-200 a New Drug Application Priority Review, which allows the agency to expedite its evaluation. The device is manufactured by Johnson & Johnson.

Disclosure: Daneshmand has received grants/research funding and travel reimbursement from Johnson & Johnson, as well as consulting payments from Johnson & Johnson Innovative Medicine (formerly Janssen Pharmaceuticals).
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This 14th century story fooled the world about the Black Death | ScienceDaily
Researchers have traced long-standing myths about the rapid spread of the Black Death across Asia to a single source from the fourteenth century.


						
For centuries, depictions of the plague racing along the Silk Route, devastating cities and towns in its path, have been based on a misunderstanding of a rhyming story rather than a historical record.

The work in question is a "maqama" -- an Arabic literary form that often features a wandering "trickster." Written by the poet and historian Ibn al-Wardi in Aleppo in 1348/9, the piece was later mistaken for an eyewitness account of how the disease traveled across the continent.

A Story Mistaken for Science

Modern genetic evidence suggests that the bacteria responsible for the Black Death most likely originated in Central Asia. Some scientists, influenced by Ibn al-Wardi's narrative, still argue that the plague spread from Kyrgyzstan to the Black and Mediterranean seas in less than ten years, setting off the catastrophic pandemic that swept Western Eurasia and North Africa in the late 1340s. This interpretation, sometimes referred to as the "Quick Transit Theory," rests heavily on taking Ibn al-Wardi's poetic work literally.

The new study challenges this idea, questioning whether it is realistic that the bacterium could have traveled more than 3,000 miles in just a few years and caused such a widespread outbreak between 1347 and 1350.

A Trickster Plague and a Century of Confusion

In his maqama, Ibn al-Wardi personifies the plague as a mischievous wanderer who brings death to one region after another over a 15-year journey. The tale begins beyond China, moves through India, Central Asia, and Persia, and finally reaches the Black Sea, the Mediterranean, Egypt, and the Levant. Because the author later quoted sections of this story in his historical writing, many later readers assumed it was factual.




According to researchers Muhammed Omar, a PhD candidate in Arab and Islamic Studies, and Nahyan Fancy, a historian of Islamic medicine at the University of Exeter, the confusion began in the fifteenth century when Arab chroniclers -- and later European historians -- started to treat the story as a literal account of the Black Death's spread.

The Text at the Center of a Historical Web

Professor Fancy explained: "All roads to the factually incorrect description of the spread of the plague lead back to this one text. It's like it is in the centre of a spider's web of the myths about how the Black Death moved across the region.

"The entire trans-Asian movement of plague and its arrival in Egypt prior to Syria has always been and continues to be based upon Ibn al-Wardi's singular Risala, which is unsubstantiated by other contemporary chronicles and even maqamas. The text was written just to highlight the fact the plague travelled, and tricked people. It should not be taken literally."

The Cultural Role of the Maqama

The maqama genre emerged in the late tenth century and became especially popular from the twelfth century onward. During the fourteenth century, Mamluk writers in the Islamic world particularly valued the style, and many of their works -- including those about the plague -- survive today in libraries around the world. These stories were intended to be performed or read aloud in a single sitting.




Ibn al-Wardi's Risala was one of at least three plague-themed maqamas written in 1348-49. The study highlights how such texts offer insight not into the disease's route, but into how people of the time coped with unimaginable loss and upheaval.

Revisiting Earlier Outbreaks

Recognizing Ibn al-Wardi's work as a fictional composition allows historians to shift focus toward earlier, lesser-known epidemics, such as those that struck Damascus in 1258 and Kaifeng in 1232-33. Scholars can now explore how communities remembered these earlier crises and how such memories influenced later understandings of the Black Death.

Finding Humanity in Historical Crisis

Professor Fancy added: "These writings can help us understand how creativity may have been a way to exercise some control and served as a coping mechanism at this time of widespread death, similar to the way people developed new culinary skills or artistic skills during the Covid-19 pandemic.

"These maqamas may not give us accurate information about the how the Black Death spread. But the texts are phenomenal because they help us see how people at the time were living with this awful crisis."
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Astronomers just solved the mystery of "impossible" black holes | ScienceDaily
An extensive series of computer simulations led by astrophysicists at the Flatiron Institute and their collaborators has revealed that magnetic fields are the missing factor behind the creation of black holes whose masses fall within a range once thought impossible.


						
In 2023, astronomers witnessed a dramatic event: two extraordinarily massive black holes collided roughly 7 billion light-years away. Their immense size and rapid spin defied explanation. According to existing theories, black holes like these simply shouldn't exist.

Researchers from the Flatiron Institute's Center for Computational Astrophysics (CCA) and partner institutions have now uncovered how such cosmic giants might form and eventually collide. By tracing the life cycles of the stars that gave rise to these black holes, the team discovered that magnetic fields -- long overlooked in earlier models -- play a crucial role.

"No one has considered these systems the way we did; previously, astronomers just took a shortcut and neglected the magnetic fields," explains Ore Gottlieb, an astrophysicist at the CCA and lead author of the study, which appears in The Astrophysical Journal Letters. "But once you consider magnetic fields, you can actually explain the origins of this unique event."

The 2023 Collision That Challenged Black Hole Theory

The cosmic crash, now known as GW231123, was detected by the LIGO-Virgo-KAGRA observatories, which measure gravitational waves -- the ripples in space-time produced by massive celestial motions.

At the time of detection, astronomers could not understand how such enormous and fast-spinning black holes had formed. When a massive star exhausts its fuel, it typically collapses and explodes in a supernova, leaving behind a smaller black hole. However, stars within a specific mass range experience an especially violent type of explosion called a pair-instability supernova, which destroys the star completely.




"As a result of these supernovae, we don't expect black holes to form between roughly 70 to 140 times the mass of the sun," Gottlieb says. "So it was puzzling to see black holes with masses inside this gap."

Simulations Reveal a Hidden Force at Work

One possible explanation is that black holes within this "mass gap" form indirectly, through the merger of smaller black holes. But in the case of GW231123, this seemed unlikely. Mergers are typically chaotic, disrupting the spin of the resulting black hole. Yet the two black holes involved in GW231123 were spinning near the speed of light -- the fastest ever observed -- making such a scenario improbable.

To solve the mystery, Gottlieb and his team performed a two-stage simulation. First, they modeled a massive star 250 times the mass of the Sun through its life and death. By the time it exploded as a supernova, it had burned enough fuel to shrink to about 150 solar masses -- just above the theoretical mass gap, leaving behind a black hole.

The next phase introduced magnetic fields into the picture. The model began with the remnants of the supernova: a swirling cloud of stellar debris containing magnetic fields and a newborn black hole at the center. Earlier theories assumed all the remaining material would fall into the black hole, but the new simulations painted a different picture.

How Magnetism Reshapes the Fate of a Collapsing Star

If a collapsing star is not rotating, the surrounding matter falls straight into the black hole. But when a star spins rapidly, that material forms a disk around the black hole, feeding it over time and increasing its spin. Magnetic fields, however, disrupt this process. Their pressure can blast some of the material outward at nearly the speed of light, preventing it from falling in.




This ejection of matter reduces the amount of material the black hole absorbs. The stronger the magnetic fields, the more mass gets expelled. In extreme cases, up to half of the original star's mass can be lost to these outflows. In the team's simulations, this mechanism naturally produced a black hole whose mass fell within the once "forbidden" range.

"We found the presence of rotation and magnetic fields may fundamentally change the post-collapse evolution of the star, making black hole mass potentially significantly lower than the total mass of the collapsing star," Gottlieb says.

Linking Black Hole Mass and Spin

The results point to an intriguing relationship between a black hole's mass and how quickly it spins. Stronger magnetic fields can slow a black hole's rotation and remove more stellar mass, leading to smaller, slower black holes. Weaker fields, on the other hand, allow heavier, faster-spinning ones to form. This pattern could reveal a broader law connecting mass and spin -- a relationship that future observations might confirm.

Currently, no other known black hole systems can test this connection, but astronomers hope upcoming detections will uncover more examples like GW231123.

Bursts of Light From the Darkest Events

The simulations also predict that these magnetic processes produce bursts of gamma rays during black hole formation. Detecting such gamma-ray flashes could help confirm the theory and show how common these massive black holes really are.

If verified, these findings would not only explain an "impossible" collision but also reshape how scientists understand one of the universe's most extreme and fascinating objects.
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Scientists turn body fat into bone to heal spinal fractures | ScienceDaily
Researchers at Osaka Metropolitan University have developed a promising new method to repair spinal fractures using stem cells extracted from adipose tissue, or body fat. In animal studies, the treatment successfully healed spinal injuries in rats that mimic osteoporosis-related fractures seen in humans. Because these cells are easy to collect, even from older adults, and cause minimal strain on the body, the technique could provide a gentle, non-invasive alternative for treating bone diseases.


						
Osteoporosis weakens bones, making them fragile and more likely to break. As Japan's population continues to age, the number of people affected is projected to surpass 15 million. Among the various types of fractures caused by osteoporosis, compression fractures of the spine, known as osteoporotic vertebral fractures, are the most common. These injuries can result in long-term disability and severely reduce quality of life, highlighting the need for safer and more effective treatments.

How Fat-Derived Stem Cells Help Rebuild Bone

Stem cells derived from adipose tissue (ADSCs) show strong potential for repairing bone damage. These multipotent cells can develop into various types of tissue, including bone. When ADSCs are cultivated into three-dimensional spherical groups called spheroids, their ability to promote tissue repair increases. Pre-differentiating these spheroids toward bone-forming cells further enhances their effectiveness in stimulating bone regeneration.

Led by Graduate School of Medicine student Yuta Sawada and Dr. Shinji Takahashi, the Osaka research team used ADSCs to create bone-differentiated spheroids and combined them with b-tricalcium phosphate, a material commonly used in bone reconstruction. The mixture was applied to rats with spinal fractures, resulting in significant improvements in bone healing and strength.

The researchers also observed that genes responsible for bone formation and regeneration became more active after the treatment, suggesting that the approach stimulates the body's natural healing processes.

Promising Outlook for Future Treatments

"This study has revealed the potential of bone differentiation spheroids using ADSCs for the development of new treatments for spinal fractures," said Sawada. "Since the cells are obtained from fat, there is little burden on the body, ensuring patient safety."

Dr. Takahashi added, "This simple and effective method can treat even difficult fractures and may accelerate healing. This technique is expected to become a new treatment that helps extend the healthy life of patients."

The findings were published in Bone & Joint Research.
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Scientists uncover a hidden universal law limiting life's growth | ScienceDaily
A team of researchers, including a scientist from the Earth-Life Science Institute (ELSI) at the Institute of Science Tokyo in Japan, has identified a new principle in biology that mathematically explains why the growth of living organisms slows down when nutrients become plentiful. This well-known phenomenon is referred to as the "law of diminishing returns."


						
How organisms grow in response to changing nutrient conditions has long been one of biology's central questions. Across all forms of life -- from microbes to plants and animals -- growth depends on access to nutrients, energy, and the internal machinery of cells. Although scientists have studied how these factors affect growth, most research has focused on individual nutrients or specific biochemical pathways. What has remained unclear is how all these interconnected processes within a cell work together to control growth when resources are limited.

A Global Principle That Unites Living Systems

To explore this mystery, ELSI's Specially Appointed Associate Professor Tetsuhiro S. Hatakeyama and RIKEN Special Postdoctoral Researcher Jumpei F. Yamagishi discovered a new unifying concept that describes how all living cells manage growth under resource constraints. Their work introduces what they call the global constraint principle for microbial growth -- a framework that could reshape how scientists understand biological systems.

Since the 1940s, microbiologists have relied on the "Monod equation" to describe how microbes grow. This model shows that growth rates increase with added nutrients until they level off. However, the Monod equation assumes that only one nutrient or biochemical reaction limits growth at a time. In reality, cells perform thousands of simultaneous chemical processes that must share finite resources.

A Network of Constraints Inside Every Cell

According to Hatakeyama and Yamagishi, the traditional model captures only a small part of what's happening. Instead of a single bottleneck, cellular growth is shaped by a complex network of limitations that interact to slow growth as nutrients accumulate. The global constraint principle explains that when one limiting factor -- such as a nutrient -- is alleviated, other constraints like enzyme production, cell volume, or membrane space begin to take over.




Using a technique known as "constraint-based modeling," the team simulated how cells distribute and manage internal resources. Their results showed that while each additional nutrient helps microbes grow, its benefit gradually decreases -- each one contributes less than the last.

"The shape of growth curves emerges directly from the physics of resource allocation inside cells, rather than depending on any particular biochemical reaction," explains Hatakeyama.

Uniting Classic Laws of Biology

This new principle brings together two of biology's foundational growth laws: the Monod equation and Liebig's law of the minimum. Liebig's law states that a plant's growth is limited by whichever nutrient is scarcest (for example, nitrogen or phosphorus). Even if all other nutrients are plentiful, the plant can only grow as much as the least available one allows.

By merging these two concepts, the researchers created what they call a "terraced barrel" model. In this model, new limiting factors appear in stages as nutrient availability increases. This explains why organisms -- from single-celled microbes to complex plants -- experience diminishing growth returns even when conditions seem ideal, as each new stage reveals a fresh constraint.

Hatakeyama compares this to an updated version of Liebig's famous barrel analogy, in which a plant's growth is limited by its shortest stave, representing the scarcest resource. "In our model, the barrel staves spread out in steps," he says, "each step representing a new limiting factor that becomes active as the cell grows faster."

To test their hypothesis, the researchers built large-scale computer models of Escherichia coli bacteria. These models incorporated details about how cells use proteins, how crowded they are inside, and the physical limits of their membranes. The simulations accurately predicted the observed slowing of growth as nutrients were added and showed how oxygen and nitrogen levels affected the results. Laboratory experiments confirmed that the model's predictions matched real biological behavior.




Toward Universal Laws of Life's Growth

The discovery offers a new way to understand how life grows, without the need to model every molecule or reaction in detail. The global constraint principle provides a framework that unifies many aspects of biology. "Our work lays the groundwork for universal laws of growth," says Yamagishi. "By understanding the limits that apply to all living systems, we can better predict how cells, ecosystems, and even entire biospheres respond to changing environments."

This principle could have far-reaching applications. It may lead to more efficient microbial production in biotechnology, improved crop yields through better nutrient management, and stronger models for predicting how ecosystems respond to climate change. Future research may explore how this principle applies to different types of organisms and how multiple nutrients interact to influence growth. By bridging cellular biology with ecological theory, this study moves science closer to a universal framework for understanding life's growth limits.

Earth-Life Science Institute (ELSI) is one of Japan's prominent World Premiere International (WPI) research centers. It aims to drive breakthroughs in interdisciplinary science by attracting top researchers from around the world to collaborate on challenging scientific problems. ELSI's mission focuses on studying the origin and co-evolution of Earth and life.

The Institute of Science Tokyo (Science Tokyo) was established on October 1, 2024, through the merger of Tokyo Medical and Dental University (TMDU) and Tokyo Institute of Technology (Tokyo Tech). Its mission is "Advancing science and human wellbeing to create value for and with society."

Japan's World Premier International Research Center Initiative (WPI), launched in 2007 by the Ministry of Education, Culture, Sports, Science and Technology (MEXT), supports a network of elite research centers that operate with a high degree of independence and global collaboration. The program is managed by the Japan Society for the Promotion of Science (JSPS).

RIKEN, Japan's largest research institute for basic and applied science, produces over 2,500 papers each year in leading journals across physics, chemistry, biology, engineering, and medicine. Known for its interdisciplinary and international approach, RIKEN has earned a worldwide reputation for scientific excellence.
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Running on little sleep? You're twice as likely to get hurt | ScienceDaily
If you're one of the 620 million people who regularly go for a run, you probably like to get an early start. But if you haven't slept well the night before, you could be putting yourself at greater risk of injury.


						
A new study led by Professor Jan de Jonge, a work and sports psychologist at Eindhoven University of Technology in the Netherlands (and Adjunct Professor at the University of South Australia), found that insufficient and poor-quality sleep significantly increases the chance of getting hurt while running.

In a survey of 425 recreational runners, the researchers discovered that participants who reported shorter sleep duration, lower sleep quality, or frequent sleep problems were almost twice as likely to experience an injury compared to those who slept well.

The results, published in Applied Sciences, provide what Prof de Jonge calls "compelling evidence that sleep is a critical yet often overlooked component of injury prevention."

"While runners specifically focus on mileage, nutrition and recovery strategies, sleep tends to fall to the bottom of the list," he explains. "Our research shows that poor sleepers were 1.78 times more likely to report injuries than those with stable, good quality sleep, with a 68% likelihood of sustaining an injury over a 12-month period. That's a strong reminder that how well you rest is just as important as how hard you train."

Sleep: The Missing Element in Runner Recovery

Recreational running remains one of the most popular sports worldwide, yet it carries a substantial risk of injury. Studies estimate that up to 90% of runners will be injured at some point, resulting in millions of dollars lost each year in medical bills and missed work.




Prof de Jonge's team took a comprehensive approach, examining sleep not only in terms of duration but also quality and disorders. This broader view helped identify how different aspects of sleep contribute to physical vulnerability.

"Sleep is a vital biological process that allows the body and mind to recover and adapt to the physical and mental demands of training," says Prof de Jonge. "When sleep is disrupted or insufficient, the body's ability to repair tissues, regulate hormones and maintain focus diminishes, all of which can increase injury risk."

The study revealed that runners who struggled with falling asleep, woke up frequently during the night, or rarely felt rested were the most prone to injury. In contrast, those who maintained consistent sleep schedules and felt well-rested reported significantly fewer injuries.

Rethinking Training: Why Sleep Deserves Equal Priority

Prof de Jonge emphasizes that the research carries important lessons for both recreational and competitive runners, as well as for coaches and health professionals.

"We often assume that more training equals better performance, but that's not necessarily the case," he notes. "Runners (especially those balancing training with work, family and social commitments) may actually need more sleep than average adults to recover properly. Sleep should be treated as a performance priority, not an afterthought."

Experts generally recommend seven to nine hours of sleep per night, though athletes often benefit from additional rest, including short naps, to enhance both physical and mental recovery.




To improve sleep quality, consistent bedtimes, limiting screen use before sleep, reducing caffeine and alcohol, and maintaining a quiet, cool environment are all advised.

"Sleep quality and sleep duration are both important, but quantity often provides the bed-rock," Prof de Jonge concludes. "Sleep should be recognized not only as a recovery tool, but also as a potential predictor of injury vulnerability in recreational sports."

The study, "Sleep Matters: Profiling Sleep Patterns to Predict Sports Injuries in Recreational Runners," was published in Applied Sciences.
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Clearing brain plaques isn't enough to heal Alzheimer's | ScienceDaily
Researchers at Osaka Metropolitan University in Japan, led by graduate student Tatsushi Oura and Dr. Hiroyuki Tatekawa, discovered that the Alzheimer's treatment lecanemab, which removes amyloid plaques from the brain, does not improve the brain's waste clearance system in the short term.


						
The results indicate that even after treatment, the nerves of Alzheimer's disease (AD) patients remain damaged and the brain's natural waste-removal ability does not recover quickly. This finding highlights the disease's complexity and the need for therapies that target more than one biological pathway at once.

Alzheimer's Disease: A Complex and Multifactorial Disorder

The study adds to growing evidence that Alzheimer's is a multifaceted disease. It is the most common form of neurodegenerative disorder, yet remains one of the most difficult to treat because it develops through several overlapping causes.

One major contributor to nerve cell damage in AD is the buildup of the protein amyloid-b (Ab) in the brain. In healthy individuals, a network called the glymphatic system circulates cerebrospinal fluid through spaces around arteries into brain tissue. There, it mixes with interstitial fluid to remove metabolic waste, including Ab. The term "glymphatic" comes from the glial cells that play a key role in this process.

How Alzheimer's Disrupts the Brain's Cleanup System

In people with Alzheimer's, Ab accumulates and causes arteries to stiffen, slowing the flow of fluids between brain tissue and cerebrospinal fluid. This disruption blocks the brain's ability to clear out waste, setting off a cascade of damaging neurodegenerative effects that lead to the symptoms of the disease.




Lecanemab, a recently approved antibody therapy, is designed to reduce the buildup of amyloid-b. To test its effects, the Osaka Metropolitan University team examined the glymphatic system in patients before and after receiving lecanemab treatment. They used a specialized imaging measure known as the DTI-ALPS index to track changes.

No Short-Term Improvement Detected

Despite expectations, the researchers found no significant difference in the DTI-ALPS index between pre-treatment and three months after therapy.

They concluded that while anti-amyloid drugs like lecanemab can lower plaque levels and slow cognitive decline, they may not be enough to restore lost brain function. By the time symptoms appear, both neuronal damage and waste clearance impairments are likely well established and difficult to reverse. This underscores how Alzheimer's involves a network of biological problems, not just plaque buildup.

Next Steps: Understanding Why the Brain Doesn't Recover

"Even when Ab is reduced by lecanemab, impairment of the glymphatic system may not recover within the short-term," Oura said. "In the future, we want to look at factors like age, the stage of the disease, and degree of lesions in the white matter to further understand the relationship between changes in the glymphatic system due to lecanemab treatment and the outcome of treatment. This will help understand the best way to administer treatment to patients."

The research was published in the Journal of Magnetic Resonance Imaging.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251111005944.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists find brain chemical tied to trauma and depression | ScienceDaily
Neuroscientists from Columbia University and McGill University have identified a brain chemical that appears to drive depression and suicidal thinking in individuals who faced trauma or hardship during childhood.


						
The researchers found that high levels of a stress-related protein called SGK1 are closely associated with depression among people who endured early-life adversity. This discovery opens the door to a new type of antidepressant that blocks SGK1 activity and may be more effective for people who were neglected or abused as children.

Studies show that about 60% of adults in the United States diagnosed with major depression and roughly two-thirds of those who attempt suicide experienced some form of trauma or adversity during childhood.

"Current antidepressants are often less effective for people with a history of childhood adversity, who represent a large proportion of adults with depression," says the study's lead author, Christoph Anacker, assistant professor of clinical neurobiology in the Department of Psychiatry at Columbia University Vagelos College of Physicians and Surgeons. "What's exciting about our study is that it raises the prospect of quickly developing new treatments, as SGK1 inhibitors are in development for other conditions, and gives us a screening tool to identify people at greatest risk."

Why Depression After Early Trauma May Be Different

Childhood adversity (such as physical abuse or growing up in a dysfunctional family) is one of the strongest predictors of depression in adulthood.

While common antidepressants like SSRIs are helpful for many people, they are less effective for those who experienced early trauma. "This suggested to us that the biological processes that lead to depression and suicidality in general may differ from those with less stressful childhoods," Anacker explains.




Around ten years ago, Anacker's team discovered unusually high levels of SGK1 -- a stress-responsive protein -- in the blood of unmedicated patients with depression.

Evidence of SGK1's Role in Depression and Suicide

In the latest research, the scientists examined the brains of adults who had died by suicide and found elevated SGK1 levels. Those who had suffered childhood trauma showed the highest concentrations, up to twice as much as others who had also died by suicide.

The researchers also studied children exposed to early adversity and discovered that those carrying genetic variants that increase SGK1 production were more likely to experience depression as teenagers. These findings point to SGK1 as a biological driver of depression and suicidal behavior, particularly among people affected by trauma early in life.

Developing a New Kind of Antidepressant

Based on these results, Anacker and his colleagues suggest that drugs designed to block SGK1 might help prevent or treat depression in individuals with a history of trauma. In experiments with mice, SGK1 inhibitors delivered into the bloodstream prevented the animals from developing depressive-like behaviors during chronic stress.




SGK1 inhibitors are already being evaluated for use in other conditions, including atrial fibrillation. Anacker's team now hopes to begin clinical trials in people who have depression and a background of early life adversity. The researchers also propose that genetic screening could identify individuals most likely to benefit from an SGK1-targeted antidepressant.

"There's an urgent need to identify and treat people with the greatest risk of depression and suicide after exposure to early life adversity and SGK1 is a promising avenue to explore," Anacker says.

The research, titled "Hippocampal SGK1 promotes vulnerability to depression: the role of early life adversity, stress, and genetic risk," was published in Molecular Psychiatry.

Authors include Amira Millette (Columbia), Milena T. van Dijk (Columbia), Irina Pokhvisneva (McGill), Yifei Li (Columbia), Rory Thompson (Columbia), Sachin Patel (McGill), Rosemary C. Bagot (McGill), Aniko Naray-Fejes-Toth (Dartmouth), Geja Fejes-Toth (Dartmouth), Patricia Palufo-Silveira (McGill), Gustavo Turecki (McGill), Juan Pablo Lopez (Karolinksa Institute), and Christoph Anacker (Columbia).

The study was funded by a NARSAD Young Investigator award from the Brain & Behavior Research Foundation and the Columbia University Department of Psychiatry.
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Goodbye cavities? This new toothpaste made from hair can heal enamel | ScienceDaily
A new approach to oral care may come from an unexpected source: your own hair. Researchers have found that toothpaste made from keratin, a protein naturally present in hair, skin, and wool, could both protect and repair damaged teeth while offering a sustainable alternative to traditional dental treatments.


						
Scientists from King's College London discovered that keratin can rebuild tooth enamel and halt the early stages of decay. When keratin interacts with the minerals found in saliva, it forms a coating that closely replicates the composition and protective function of natural enamel.

Dr. Sherif Elsharkawy, senior author and consultant in prosthodontics at King's College London, explained: "Unlike bones and hair, enamel does not regenerate, once it is lost, it's gone forever."

Protecting Teeth from Erosion and Cavities

Everyday habits, from drinking acidic beverages to poor brushing routines, wear away enamel over time. This erosion can lead to sensitivity, discomfort, and eventually tooth loss. While fluoride toothpaste helps slow this process, the keratin-based formulation in the new study went further, completely preventing it in laboratory tests.

Keratin creates a dense, mineralized barrier over the tooth's surface, blocking the nerve channels responsible for sensitivity. This not only protects against further damage but also provides immediate relief from discomfort, addressing both cause and symptom.

The researchers envision the treatment being available in two forms: a daily-use toothpaste or a professional gel applied by dentists, similar to nail varnish. According to the team, keratin-based enamel repair products could be accessible to the public within two to three years.




How Keratin Helps Teeth Heal Themselves

In the study, published in Advanced Healthcare Materials, scientists extracted keratin from wool and applied it to tooth surfaces. When exposed to the natural minerals present in saliva, the protein organized itself into a crystal-like structure that mimicked real enamel.

Over time, this microscopic framework continued to attract calcium and phosphate ions, gradually forming a durable, enamel-like layer. The finding marks an important milestone in regenerative dentistry and brings researchers closer to treatments that can rebuild the tooth's protective shell rather than just patching damage.

Sustainable, Natural, and Clinically Effective

Sara Gamea, PhD researcher at King's College London and the study's first author, said: "Keratin offers a transformative alternative to current dental treatments. Not only is it sustainably sourced from biological waste materials like hair and skin, it also eliminates the need for traditional plastic resins, commonly used in restorative dentistry, which are toxic and less durable. Keratin also looks much more natural than these treatments, as it can more closely match the color of the original tooth."

The research addresses growing concerns about the environmental impact of dental materials and the long-term use of fluoride. By using recycled biological materials, this approach could make dental care more eco-friendly while reducing dependence on synthetic compounds.




A New Era of Biotech Dentistry

"This technology bridges the gap between biology and dentistry, providing an eco-friendly biomaterial that mirrors natural processes," said Gamea.

Dr. Elsharkawy added: "We are entering an exciting era where biotechnology allows us to not just treat symptoms but restore biological function using the body's own materials. With further development and the right industry partnerships, we may soon be growing stronger, healthier smiles from something as simple as a haircut."

The work received support from the Wellcome Trust Seed Award, King's College London, the Academy of Medical Sciences 'Starter Grants for Clinical Lecturers', and the National Institute of Health Research.
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Hidden weakness makes prostate cancer self-destruct | ScienceDaily
An international team of researchers has identified a new weakness in prostate cancer cells that could lead to more effective treatments for one of the most common cancers among men.


						
The study, published in the Proceedings of the National Academy of Sciences (PNAS), was led by scientists from Flinders University in Australia and South China University of Technology. Their findings highlight two enzymes, PDIA1 and PDIA5, that play a key role in helping prostate cancer cells grow, survive, and resist existing treatments.

Enzymes That Protect Cancer Cells

According to the researchers, PDIA1 and PDIA5 act like molecular bodyguards for the androgen receptor (AR), a protein that drives prostate cancer growth. When these enzymes are blocked, the AR loses stability and breaks apart, causing cancer cells to die and tumors to shrink in both lab cultures and animal models.

The team also discovered that combining drugs that inhibit PDIA1 and PDIA5 with enzalutamide, a standard medication for prostate cancer, made the treatment significantly more effective.

"We've discovered a previously unknown mechanism that prostate cancer cells use to protect the androgen receptor, which is a key driver of the disease," explains senior author Professor Luke Selth, Head of Prostate Cancer Research and Co-Director of the Flinders Health and Medical Research Institute's Cancer Impact program.

"By targeting these enzymes, we can destabilize the AR and make tumors more vulnerable to existing therapies like enzalutamide."

A Promising Combination Therapy




Lead author Professor Jianling Xie, who began the research at Flinders University, said the combination therapy worked well in both patient-derived tumor samples and mouse models, showing strong potential for clinical use.

"This is an exciting step forward," says Dr. Xie, now based at South China University of Technology. "Our findings show that PDIA1 and PDIA5 are not just helpers of cancer growth but they're also promising targets for new treatments that could work alongside existing drugs."

Disrupting Cancer's Energy Supply

The study also revealed that PDIA1 and PDIA5 do more than just protect the AR. They help cancer cells manage stress and maintain their energy production systems. When the enzymes are blocked, the mitochondria -- the cell's power generators -- become damaged, leading to oxidative stress that further weakens the cancer cells.

"This dual impact of hitting both the AR and the cancer's energy supply makes these enzymes especially attractive targets," adds Dr. Xie. "It's like cutting off both the fuel and the engine at the same time."

Next Steps Toward Safer Treatments

Professor Selth notes that while current PDIA1 and PDIA5 inhibitors are promising, they still need to be refined for patient use. Some existing compounds can affect healthy cells, so future studies will focus on designing safer and more selective versions.




Prostate cancer is the second most common cancer in men worldwide. Although treatments such as hormone therapy and AR-targeting drugs have greatly improved survival rates, resistance to these therapies remains a major challenge. This new discovery may help overcome that resistance and improve treatment options for men with advanced prostate cancer.

The research received support from Cancer Council SA, Cancer Council NSW, the Flinders Foundation, the Movember Foundation, the Prostate Cancer Foundation of Australia, The Hospital Research Foundation, Cancer Australia, Masonic Charities Trust, the Australian Research Council, and several international funding organizations.
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A neutron star's weird wind rewrites space physics | ScienceDaily
The X-Ray Imaging and Spectroscopy Mission (XRISM) has identified a surprising contrast between the winds blasting away from a disk around a neutron star and those seen near supermassive black holes. The neutron star system produces an unusually dense outflow that challenges current ideas about how these winds form and how they reshape their surroundings.


						
On February 25, 2024, XRISM used its Resolve instrument to observe the neutron star GX13+1, the compact remnant of a once larger star. GX13+1 shines brightly in X-rays that come from an accretion disk of superheated material spiraling inward and striking the star's surface.

These inward flows can also launch powerful outflows that alter the space around them. How these outflows arise is still under investigation, which is why the team targeted GX13+1.

Resolve can precisely measure the energy of individual X-ray photons, so the scientists anticipated seeing fine-grained details that had never been captured before.

"When we first saw the wealth of details in the data, we felt we were witnessing a game-changing result," says Matteo Guainazzi, ESA XRISM project scientist. "For many of us, it was the realization of a dream that we had chased for decades."

Why cosmic winds matter

These winds are not just curiosities. They drive large-scale change in the universe.




Similar winds also blow from systems with supermassive black holes at galaxy centers. They can compress giant molecular clouds to trigger star birth or heat and disperse those clouds to halt star formation. Astronomers refer to this push and pull as feedback, and in extreme cases the wind from a central black hole can regulate the growth of its entire host galaxy.

Because the processes around supermassive black holes might mirror those near GX13+1, the team chose this neutron star system as a closer, brighter target that could reveal the underlying physics in sharper detail.

A timely surge to the Eddington limit

Just before the planned observations, GX13+1 unexpectedly brightened and reached or even surpassed the Eddington limit.

This limit describes what happens as matter falls onto a compact object such as a black hole or a neutron star. More infalling matter releases more energy. As the energy output rises, the radiation exerts pressure on the incoming material and pushes it outward. At the Eddington limit, the high-energy light being produced can drive almost all of the infalling matter back into space as a wind.

Resolve recorded GX13+1 during this dramatic phase.




"We could not have scheduled this if we had tried," said Chris Done, Durham University, UK, the lead researcher on the study. "The system went from about half its maximum radiation output to something much more intense, creating a wind that was thicker than we'd ever seen before."

A slow, dense wind defies expectations

Despite the intense outburst, the wind's speed remained near 1 million km/h. That is swift on Earth but slow compared with winds near the Eddington limit around supermassive black holes, where outflows can reach 20 to 30 percent of light speed, more than 200 million km/h.

"It is still a surprise to me how 'slow' this wind is," says Chris, "as well as how thick it is. It's like looking at the Sun through a bank of fog rolling towards us. Everything goes dimmer when the fog is thick."

Neutron star vs black hole winds

This was not the only contrast. Earlier XRISM observations of a supermassive black hole at the Eddington limit revealed an ultrafast, clumpy wind. By comparison, the outflow from GX13+1 appears slow and smooth.

"The winds were utterly different but they're from systems which are about the same in terms of the Eddington limit. So if these winds really are just powered by radiation pressure, why are they different?" asks Chris.

Accretion disk temperature as the key

The team suggests the answer lies in the temperature of the accretion disk around the central object. Counterintuitively, disks around supermassive black holes tend to be cooler than those in stellar-mass systems with neutron stars or black holes.

Disks around supermassive black holes are much larger. They can be extremely luminous, yet that power is spread over a vast area, so the typical radiation they emit peaks in ultraviolet light. Stellar-mass systems radiate more strongly in X-rays.

Ultraviolet light interacts with matter more readily than X-rays. Chris and colleagues propose that this difference allows ultraviolet radiation to push material more efficiently, generating the much faster winds seen near supermassive black holes.

What this means for galaxy evolution

If this explanation holds, it will refine how scientists think about the exchange of energy and matter in extreme environments. It could also clarify how these processes influence the growth of galaxies and the broader evolution of the cosmos.

"The unprecedented resolution of XRISM allows us to investigate these objects -- and many more -in far greater detail, paving the way for the next-generation, high-resolution X-ray telescope such as NewAthena," says Camille Diez, ESA Research fellow.

XRISM mission at a glance

XRISM (pronounced krizz-em) launched on September 7, 2023. The mission is led by the Japan Aerospace Exploration Agency (JAXA) in partnership with NASA and ESA. It flies with two instruments: Resolve, an X-ray calorimeter that measures the energy of individual X-ray photons to deliver an unprecedented level of energy resolution (the capability of an instrument to distinguish the X-ray 'colors'), and Xtend, a wide-field X-ray CCD camera that images the surrounding region.
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Physicists prove the Universe isn't a simulation after all | ScienceDaily
The idea that our universe might be nothing more than an elaborate computer simulation has been a favorite theme in science fiction for decades. Yet new research from UBC Okanagan suggests that not only is this concept implausible -- it is mathematically impossible.


						
Dr. Mir Faizal, an Adjunct Professor at UBC Okanagan's Irving K. Barber Faculty of Science, and his collaborators, Drs. Lawrence M. Krauss, Arshid Shabir, and Francesco Marino, have shown that the underlying fabric of reality operates in a way no computer could ever replicate.

Their study, published in the Journal of Holography Applications in Physics, doesn't just dispute the idea of a simulated universe like The Matrix. It goes further, demonstrating that the cosmos itself is built upon a kind of understanding that lies outside the reach of any algorithm.

The Simulation Hypothesis Meets Mathematics

"It has been suggested that the universe could be simulated. If such a simulation were possible, the simulated universe could itself give rise to life, which in turn might create its own simulation. This recursive possibility makes it seem highly unlikely that our universe is the original one, rather than a simulation nested within another simulation," says Dr. Faizal. "This idea was once thought to lie beyond the reach of scientific inquiry. However, our recent research has demonstrated that it can, in fact, be scientifically addressed."

The team's findings rest on the evolving understanding of what reality truly is. Physics has moved far beyond Isaac Newton's view of solid objects moving through space. Einstein's theory of relativity replaced that classical model, and quantum mechanics transformed it yet again. Now, at the forefront of theoretical physics, quantum gravity proposes that even space and time are not fundamental elements. Instead, they arise from something deeper -- pure information.

The Hidden Realm Beneath Reality

Physicists describe this informational layer as a "Platonic realm," a mathematical foundation more real than the physical world we perceive. According to the new research, it is from this realm that space and time themselves emerge.




However, the scientists demonstrated that even this information-based structure cannot fully describe reality through computation alone. By applying advanced mathematical principles, including Godel's incompleteness theorem, they proved that any consistent and complete model of existence requires what they call "non-algorithmic understanding."

To grasp this idea, imagine how a computer works -- it follows a set of defined instructions step by step. Yet, some truths exist that cannot be reached by following any sequence of logical operations. These are known as "Godelian truths," and while they are real, they cannot be proven using computation.

Where Computation Fails

Consider the statement, "This true statement is not provable." If it were provable, it would be false, contradicting logic. If it cannot be proven, then it is true, which means any logical system attempting to prove it is incomplete. In either case, computation alone falls short.

"We have demonstrated that it is impossible to describe all aspects of physical reality using a computational theory of quantum gravity," says Dr. Faizal. "Therefore, no physically complete and consistent theory of everything can be derived from computation alone. Rather, it requires a non-algorithmic understanding, which is more fundamental than the computational laws of quantum gravity and therefore more fundamental than spacetime itself."

Why the Universe Cannot Be Simulated

If the underlying rules of the Platonic realm seem similar to those governing a computer simulation, could that realm itself be simulated? The answer, according to the researchers, is no.




"Drawing on mathematical theorems related to incompleteness and indefinability, we demonstrate that a fully consistent and complete description of reality cannot be achieved through computation alone," explains Dr. Faizal. "It requires non-algorithmic understanding, which by definition is beyond algorithmic computation and therefore cannot be simulated. Hence, this universe cannot be a simulation."

Co-author Dr. Lawrence M. Krauss notes that the implications of this finding extend deep into the foundations of physics. "The fundamental laws of physics cannot be contained within space and time, because they generate them. It has long been hoped, however, that a truly fundamental theory of everything could eventually describe all physical phenomena through computations grounded in these laws. Yet we have demonstrated that this is not possible. A complete and consistent description of reality requires something deeper -- a form of understanding known as non-algorithmic understanding."

Reality Beyond Algorithms

As Dr. Faizal summarizes, "Any simulation is inherently algorithmic -- it must follow programmed rules. But since the fundamental level of reality is based on non-algorithmic understanding, the universe cannot be, and could never be, a simulation."

For years, the simulation hypothesis was regarded as untestable, confined to the realms of philosophy and speculative fiction. This new research, however, anchors it firmly in mathematical and physical theory -- delivering what may be the final, definitive answer to one of science's most intriguing questions.
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New research finds no clear link between acetaminophen (Tylenol) and autism | ScienceDaily

Researchers reported that the reliability of earlier studies and reviews on this topic is rated as low to critically low. They noted that any apparent associations observed in past studies may be influenced by factors shared within families, such as genetics and environmental conditions, rather than by the medication itself.

Safety Guidance for Pregnant Women and Health Professionals

The study authors emphasize that regulators, healthcare providers, pregnant women, parents, and those affected by autism and ADHD should be aware of the poor quality of prior evidence. They recommend that acetaminophen continue to be used when needed to relieve pain or reduce fever during pregnancy, consistent with current medical advice.

Acetaminophen (called paracetamol outside the USA and Japan) remains the standard and recommended treatment for pain and fever in pregnancy and is considered safe by regulatory agencies around the world.

Previous systematic reviews exploring potential risks have been inconsistent in quality. Many did not properly adjust for key factors shared by family members, such as parental health or lifestyle, making it difficult to determine whether acetaminophen itself has any true impact on a baby's brain development.

To clarify this uncertainty, the researchers conducted an "umbrella review" (a comprehensive summary of systematic reviews) to evaluate how strong and reliable the existing evidence is, and to examine whether there is a measurable association between acetaminophen use in pregnancy and the risk of autism or ADHD in children.




Reviewing Data From 40 Studies

The team identified nine systematic reviews that together covered 40 observational studies on acetaminophen exposure during pregnancy and later neurodevelopmental outcomes in children. Four of these reviews included meta-analyses (a statistical technique that combines data from multiple studies to produce a more precise estimate of effect).

Each review was carefully assessed for bias using recognized evaluation tools, and the researchers rated their confidence in the findings as high, moderate, low, or critically low. The amount of overlap between studies in the reviews was also recorded and found to be very high.

Although all reviews reported a possible to strong link between maternal acetaminophen use and autism or ADHD, seven of the nine reviews urged caution when interpreting those findings. Most warned that the results could be skewed by unmeasured factors, known as confounders, such as family genetics or parental health differences.

Overall, confidence in the findings was rated as low for two reviews and critically low for seven. Only one review included two studies that adequately controlled for shared genetic and environmental influences between siblings and accounted for other important factors, including parental mental health, background, and lifestyle.

Adjusted Results Show Little to No Link

In both of these well-controlled studies, any apparent connection between prenatal acetaminophen exposure and autism or ADHD risk largely disappeared or was significantly reduced after adjustments were made. The researchers suggest that these results indicate much of the previously observed risk can be explained by family-related factors rather than by the medication itself.




The authors acknowledge several limitations in the available research. The included reviews varied in scope and methodology, did not address dosage or timing of exposure, and focused only on autism and ADHD outcomes.

Even so, the new overview brings together all relevant evidence using established quality-assessment methods. It highlights what the authors describe as "the lack of robust evidence linking acetaminophen use in pregnancy and autism and ADHD in offspring."

They conclude: "The current evidence base is insufficient to definitively link in utero exposure to acetaminophen with autism and ADHD in childhood. High quality studies that control for familial and unmeasured confounders can help improve evidence on the timing and duration of acetaminophen exposure, and for other child neurodevelopmental outcomes."
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Archaeologists may have finally solved Peru's strange "Band of Holes" mystery | ScienceDaily
    	In southern Peru's Pisco Valley, Monte Sierpe -- also known as the "Band of Holes" -- features thousands of perfectly aligned circular pits whose true purpose has long puzzled scientists.
    	New research combining microbotanical analysis and high-resolution drone imagery offers fresh insight into how and why this mysterious site was built.
    	Evidence suggests Monte Sierpe may have first served as a bustling pre-Inca marketplace where traders, farmers, and travelers exchanged goods and ideas.
    	Later, under Inca rule, it might have evolved into a sophisticated accounting and tribute system used to manage resources and record exchanges across the empire.

Clues Emerge in the Mystery of Peru's "Band of Holes"

Researchers from the University of Sydney have found new evidence that could finally explain one of the Andes' most puzzling archaeological sites. Monte Sierpe (translated as "serpent mountain" and often called the "Band of Holes") lies in Peru's Pisco Valley and features more than 5,000 carefully aligned circular depressions carved into the desert hills.

This unusual formation has fascinated and mystified both scientists and the public for decades.

Lead author Dr. Jacob Bongers, a digital archaeologist at the University of Sydney, asked, "Why would ancient peoples make over 5,000 holes in the foothills of southern Peru? Were they gardens? Did they capture water? Did they have an agricultural function? We don't know why they are here, but we have produced some promising new data that yield important clues and support novel theories about the site's use."

Using advanced drone technology, his team mapped the site and found numerical patterns in the layout that suggest deliberate design rather than random placement.

The researchers were astonished to discover that the layout of Monte Sierpe mirrors the structure of an Inca khipu (a knotted-string device used for recording information) found in the same valley.




"This is an extraordinary discovery that expands understandings about the origins and diversity of Indigenous accounting practices within and beyond the Andes," said Dr. Bongers.

Ancient Plants Reveal Trade and Transport Clues

Soil samples from the holes revealed traces of maize (corn), one of the Andes' most essential crops, along with reeds that were traditionally used for weaving baskets. These findings show that ancient people placed plant materials into the holes, possibly using woven containers for transport.

"This is very intriguing," Dr. Bongers said. "Perhaps this was a pre-Inca marketplace, like a flea market. We know the pre-Hispanic population here was around 100,000 people. Perhaps mobile traders (seafaring merchants and llama caravans), specialists (farmers and fisherfolk), and others were coming together at the site to exchange local goods such as corn and cotton. Fundamentally, I view these holes as a type of social technology that brought people together, and later became a large-scale accounting system under the Inca Empire.

"There are still many more questions -- why is this monument only seen here and not all over the Andes? Was Monte Sierpe a sort of 'landscape khipu'? -- but we are getting closer to understanding this mysterious site. It is very exciting."

The team's findings were published on November 10 in the journal Antiquity.




Stretching for about 1.5 kilometers across the Pisco Valley in southern Peru, Monte Sierpe consists of roughly 5,200 uniform holes, each 1-2 meters wide and 0.5-1 meter deep, arranged in rows and divided into distinct sections.

The site first gained widespread attention in 1933 when aerial photos appeared in National Geographic, but its true purpose has remained uncertain ever since.

"Hypotheses regarding Monte Sierpe's purpose range from defense, storage, and accounting to water collection, fog capture and gardening, yet the true function of the site remains unclear," said Dr. Bongers.

Drones and Soil Analysis Offer New Clues

To better understand this enigmatic feature of Peru's landscape, Dr. Bongers and an international research team combined drone-based aerial photography with microbotanical analysis of sediments collected from the holes. These complementary approaches revealed new details about how the site was organized and used, both at a fine scale and across the broader landscape.

Together, the data support a new interpretation of Monte Sierpe as an Indigenous center for barter and exchange that may have evolved into an accounting system under Inca rule.

Monte Sierpe's location adds weight to this idea. It sits between two Inca administrative centers and near a crossroads of pre-Hispanic roads. The area occupies a transitional ecological zone (chaupiyunga) between the Andes highlands and the lower coastal plain, an ideal meeting ground for trade between regions.

These findings suggest that the pre-Inca Chincha Kingdom may have built Monte Sierpe for organized barter and trading, and that the Inca later repurposed it for accounting and tribute collection.

"This research contributes an important Andean case study on how past communities modified landscapes to bring people together and promote interaction," said Dr. Bongers.

International Collaboration and Technological Innovation

Dr. Jacob Bongers specializes in drone-based archaeological mapping and is the Tom Austen Brown Postdoctoral Research Associate in Archaeology at the University of Sydney. He is also a core member of the Vere Gordon Childe Centre (VGCC), which unites experts across disciplines to study humanity through time. In addition, he is a Visiting Research Fellow at the Australian Museum Research Institute.

Professor Kirsten McKenzie, Director of the VGCC, praised his work: "We are all hugely proud of his achievement. Monte Sierpe is a high-profile site that attracts a lot of popular commentary online, including misinformation that threatens to overshadow Indigenous knowledge bases and community ownership over history and heritage.

"Dr. Bongers' team brought to light an incredible example of Indigenous accounting and exchange through interdisciplinary research and diverse expertise, highlighting how cutting-edge technologies and analyses lead to a completely novel understanding of Andean communities in the past."

Professor Charles Stanish, senior co-author from the University of South Florida, noted that despite its fame, Monte Sierpe had seen little professional archaeological study since its discovery in the 1930s and limited surveys in the 1970s. "The site is isolated and not threatened by development. As a result, there has not been a sense of urgency," he explained.

That changed with the advent of drone imaging. "With the recent availability of drone technology, archaeologists detected mathematical patterning in the layout of the holes. This is a spectacular find. Combined with discoveries in the Canete Valley 75 kilometers north of Inca storage sites with precisely aligned products on the ground in carefully drawn squares, interest in the Band of Holes skyrocketed."

Professor Stanish added that the site has long drawn public fascination, but reliable data was scarce. "The site has always been very prominent in the pseudoarcheology world with rampant speculation and mischaracterization of the data on the ground. One of the benefits of scientific work is the debunking of unsubstantiated claims that in many ways deprive Indigenous peoples' rightful ownership of their past."

Mapping the Andes' Hidden Patterns

Before drone surveys, it was nearly impossible to grasp the site's structure from ground level or even from nearby hills because of the persistent coastal haze. "Until drone technology, the site of Monte Sierpe/Band of Holes was extremely difficult to map on the surface. One simply cannot get an accurate impression of the structured nature of the hole segments, even from the top of the mountain behind due to the permanent haze in the area," said Stanish.

He added, "Furthermore, there were very few artifacts on the ground making it difficult to determine a date for the site. Once we had precision, low-altitude images it was immediately clear that this site was profoundly important and had to be scientifically studied."

"Now that we have established that this site was for storage and redistribution, our University of South Florida team will conduct additional work to determine the range and origins of the various plants, particularly the medicinal ones," Professor Stanish said. "With every identification of a new plant type, the Band of Holes becomes more intriguing."

The research received support from a Franklin Research Grant, the University of South Florida Office of the Dean, and the Cotsen Institute of Archaeology at the University of California, Los Angeles. The team also thanked the Peruvian Ministry of Culture for its research permit (000318-2024-DCIA-DGPA-VMPCIC/MC). Open access funding was provided by the University of Sydney.
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Surprising heart study finds daily coffee may cut AFib risk by 39% | ScienceDaily
New research suggests that drinking coffee may actually help protect against atrial fibrillation (AFib), a common heart rhythm disorder that causes the heart to beat too quickly and irregularly, sometimes leading to stroke or heart failure.


						
For years, doctors have advised people with AFib and other heart issues to stay away from caffeine, fearing it could worsen symptoms. But a new study from UC San Francisco and the University of Adelaide has found the opposite: participants who drank one cup of caffeinated coffee a day had a 39% lower risk of developing AFib.

Why Coffee May Help the Heart

"Coffee increases physical activity which is known to reduce atrial fibrillation," explained Gregory M. Marcus, MD, MAS, an electrophysiologist at UCSF Health and the senior author of the study, published November 9 in JAMA. Marcus added that "caffeine is also a diuretic, which could potentially reduce blood pressure and in turn lessen AFib risk. Several other ingredients in coffee also have anti-inflammatory properties that could have positive effects."

Rates of AFib have been climbing in recent years, largely due to aging populations and increasing obesity. More than 10 million adults in the United States have been diagnosed, and experts estimate that as many as one in three people may experience the condition at some point in their lives.

Testing Coffee's Effect on Heart Rhythm

To explore whether coffee helps or harms, researchers designed the DECAF study (Does Eliminating Coffee Avoid Fibrillation?), the first randomized clinical trial to test the relationship between caffeinated coffee and AFib. The project was funded by the National Institutes of Health.




The trial involved 200 patients who were regular coffee drinkers and had persistent AFib or a related condition known as atrial flutter, along with a history of AFib. All were scheduled to undergo electrical cardioversion, a procedure that uses a controlled electrical shock to restore normal heart rhythm. Participants were randomly assigned to either drink at least one cup of caffeinated coffee or an espresso shot each day, or to completely avoid coffee and other caffeinated beverages for six months.

Coffee Drinkers Had Lower Risk

At the end of the study, the group that drank coffee experienced a 39% lower risk of recurring AFib episodes. In addition to coffee's potential anti-inflammatory effects, the researchers proposed that those who drank coffee may have naturally replaced less healthy drinks, such as sugary sodas, with coffee instead.

"The results were astounding," said first author Christopher X. Wong, PhD, of UCSF, the University of Adelaide, and the Royal Adelaide Hospital. "Doctors have always recommended that patients with problematic AFib minimize their coffee intake, but this trial suggests that coffee is not only safe but likely to be protective."

Authors from UCSF include Gabrielle Montenegro; Hannah H. Oo; Isabella J. Pena; Janet J. Tang, PhD; Grace Wall; Thomas A. Dewland, MD; Joshua D. Moss, MD; Edward P. Gerstenfeld, MD; Zian H. Tseng, MD; Henry H. Hsia, MD; Randall J. Lee, MD, PhD; Jeffrey E. Olgin, MD; Vasanth Vedantham, MD; Melvin M. Scheinman, MD; and Catherine Lee, PhD.

Marcus is supported by R01 HL158825-01, R01 HL167975-01, R01 DA058069-01, and R01 HL159069-01A1 grants from the National Heart, Lung and Blood Institute, as well as R01 AA022222 from the National Institute on Alcohol Abuse and Alcoholism.
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Vitamin D3 breakthrough halves risk of second heart attack | ScienceDaily
A new study from Intermountain Health in Salt Lake City reports that a personalized vitamin D3 treatment plan for patients who have suffered a heart attack can greatly reduce their chances of another one.


						
In a large randomized clinical trial, researchers found that managing patients' vitamin D levels through a "target-to-treat" approach -- where blood levels were monitored and dosages were adjusted to reach an optimal range -- cut the likelihood of a second heart attack by 50%.

The findings were presented on Nov. 9 at the 2025 American Heart Association Scientific Sessions in New Orleans.

Encouraging Early Results from Intermountain Researchers

These results are very encouraging, said Heidi May, PhD, cardiovascular epidemiologist at Intermountain Health and the study's principal investigator. "We observed no adverse outcomes when giving patients higher doses of vitamin D3 supplementation, and to significantly reduce the risk of another heart attack, which are exciting results," said Dr. May. "We're excited with these results but know we have further work to do to validate these findings."

According to researchers, the results carry global importance, as between one-half and two-thirds of people worldwide have low levels of vitamin D.

In the past, most individuals received sufficient vitamin D through sunlight exposure. Today, with lifestyle changes and medical advice aimed at reducing skin cancer risk, people spend less time in the sun and must rely more on dietary supplements such as vitamin D3 to maintain healthy levels.




From Observation to Precision Treatment

Low vitamin D levels have long been linked to poor cardiovascular outcomes in observational studies. However, earlier clinical trials that provided standard supplementation doses failed to show measurable reductions in heart disease risk. Intermountain scientists wanted to test a different idea: rather than giving everyone the same dose, what if supplementation was adjusted to reach a specific, healthy vitamin D level?

"Previous studies just gave patients supplementation without regularly checking blood levels of vitamin D to determine what supplementation achieved," said Dr. May. "With more targeted treatment, when we checked exactly how supplementation was working and made adjustments, we found that patients had their risk of another heart attack cut in half."

Inside the TARGET-D Clinical Trial

The Intermountain study, called the TARGET-D trial, ran from April 2017 to May 2023 and included 630 patients who had suffered a heart attack within a month of enrolling. Participants were followed until March 2025 to monitor cardiovascular outcomes.

Patients were randomly assigned to one of two groups: one received no vitamin D management, and the other underwent active, targeted vitamin D3 treatment.




The goal for the treatment group was to raise blood vitamin D levels to above 40 nanograms per milliliter (ng/mL). At the start, 85% of participants had vitamin D3 levels below that threshold (<40 ng/mL).

Dosing, Monitoring, and Results

More than half of the patients receiving targeted therapy required an initial dose of 5,000 international units (IU) of vitamin D3, compared to typical supplement recommendations of 600-800 IU.

Vitamin D blood levels were checked annually for those maintaining healthy levels. Patients with lower levels were tested every three months and had their dosage adjusted until reaching the 40 ng/mL target. Afterward, their levels were monitored once a year.

Researchers tracked major cardiac events (MACE), including heart attacks, strokes, heart failure hospitalizations, or deaths. Out of 630 participants, 107 experienced such events. While there was no significant difference in the overall risk of MACE between the two groups, the chance of having a second heart attack was cut in half among those receiving targeted vitamin D treatment.

Next Steps for Heart and Vitamin D Research

Researchers plan to expand their work with a larger clinical trial to confirm and build upon these findings.

A larger study group will allow us to more fully evaluate whether targeted vitamin D management can reduce not only repeat heart attacks but also other forms of cardiovascular disease, said Dr. May.
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A hidden breathing problem may be behind chronic fatigue's crushing exhaustion | ScienceDaily
Chronic fatigue syndrome leaves many people completely drained of energy and struggling to think clearly, and their symptoms often worsen after mental or physical exertion -- a reaction known as post-exertional malaise. Researchers studying shortness of breath in people with chronic fatigue have now found that these patients are much more likely to experience dysfunctional breathing. This irregular breathing pattern may be linked to dysautonomia, a disorder involving abnormal nerve control of blood vessels and muscles. By focusing treatment on these breathing irregularities, scientists believe it may be possible to ease some of the debilitating symptoms.


						
"Nearly half of our chronic fatigue subjects had some disorder of breathing -- a totally unappreciated issue, probably involved in making symptoms worse," said Dr. Benjamin Natelson of the Icahn School of Medicine, senior author of the study published in Frontiers in Medicine. "Identifying these abnormalities will lead researchers to new strategies to treat them, with the ultimate goal of reducing symptoms."

Breathe easy

The study included 57 people diagnosed with chronic fatigue syndrome and 25 healthy individuals of similar age and activity level. All participants completed two days of cardiopulmonary exercise tests. During these sessions, the researchers monitored heart rate, blood pressure, oxygen uptake efficiency, blood oxygen saturation, and how much effort participants used to breathe. They also analyzed breathing rate and patterns to detect signs of hyperventilation and dysfunctional breathing.

Dysfunctional breathing is often seen in asthma patients, but it can develop for many different reasons. Typical features include frequent deep sighs, rapid breathing, forceful exhalation from the abdomen, or chest breathing without proper diaphragm use, which prevents the lungs from fully expanding. It can also involve a lack of coordination between chest and abdominal movements, meaning the muscles that support breathing are no longer working smoothly together.

"While we know the symptoms generated by hyperventilation, we remain unsure what symptoms may be worse with dysfunctional breathing," said Dr. Donna Mancini of the Icahn School of Medicine, first author of the study. "But we are sure patients can have dysfunctional breathing without being aware of it. Dysfunctional breathing can occur in a resting state."

Catching your breath

Results showed that people with chronic fatigue syndrome took in roughly the same amount of oxygen as the control group -- their peak VO2 max was similar. However, 71% of the chronic fatigue group showed breathing abnormalities, such as hyperventilation, dysfunctional breathing, or both.




Almost half of the chronic fatigue participants breathed irregularly during the tests, compared to only four people in the control group. About one-third of the fatigue patients hyperventilated, while just one person in the control group did. Nine patients had both hyperventilation and dysfunctional breathing, a combination not seen in any of the controls.

Both of these breathing disorders can produce symptoms similar to those of chronic fatigue, including dizziness, difficulty concentrating, shortness of breath, and exhaustion. When both occur together, they can also cause chest pain, palpitations, fatigue, and (unsurprisingly) anxiety. The researchers believe that these breathing problems may worsen the effects of chronic fatigue or even play a direct role in post-exertional malaise.

"Possibly dysautonomia could trigger more rapid and irregular breathing," said Mancini. "It is well known that chronic fatigue syndrome patients often have dysautonomia in the form of orthostatic intolerance, which means you feel worse when upright and not moving. This raises the heart rate and leads to hyperventilation."

Pulmonary physiotherapy?

These findings suggest that addressing dysfunctional breathing could help relieve some symptoms of chronic fatigue. The researchers plan to continue investigating how dysfunctional breathing and hyperventilation interact. Although more studies are needed before any official treatments are recommended, they already have several promising ideas.

"Breathing exercises via yoga could potentially help, or gentle physical conditioning where breath control is important, as with swimming," suggested Natelson. "Or biofeedback, with assessment of breathing while encouraging gentle continuous breath use. If a patient is hyperventilating, this can be seen by a device that measures exhaled CO2. If this value is low, then the patient can try to reduce the depth of breathing to raise it to more normal values."
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Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life | ScienceDaily
New research from NASA's Cassini mission reveals that Enceladus, one of Saturn's most intriguing moons and a prime candidate for extraterrestrial life, is releasing heat from both poles. This surprising discovery suggests the icy world has the long-term thermal balance needed for life to possibly take hold. The findings were published on November 7 in Science Advances.


						
A team of scientists from Oxford University, the Southwest Research Institute, and the Planetary Science Institute in Tucson, Arizona, has uncovered the first evidence of significant heat flow at Enceladus' north pole. Until now, scientists believed that heat loss was limited to the south pole, where geysers shoot water vapor and ice particles into space. The new measurements confirm that Enceladus is far more thermally active than previously thought, indicating that it generates and releases much more heat than a dormant, frozen moon would.

A Hidden Ocean Beneath the Ice

Enceladus is a geologically active world with a global, salty ocean hidden beneath its icy surface. Scientists believe this ocean is the main source of the moon's internal heat. Because it contains liquid water, warmth, and essential chemical ingredients (such as phosphorus and complex hydrocarbons), this underground sea is considered one of the most promising environments in the solar system for life beyond Earth.

For life to thrive, Enceladus' ocean must remain stable over long periods, maintaining an equilibrium between energy gained and lost. This balance is sustained through tidal heating, caused by Saturn's powerful gravitational pull that stretches and compresses the moon as it orbits. If too little heat is produced, Enceladus' surface activity would fade, and its ocean could eventually freeze. Too much energy, however, might trigger excessive geological activity, disrupting the delicate environment that supports its ocean.

"Enceladus is a key target in the search for life outside the Earth, and understanding the long-term availability of its energy is key to determining whether it can support life," explained Dr. Georgina Miles (Southwest Research Institute and Visiting Scientist at the Department of Physics, University of Oxford), the study's lead author.

Measuring Enceladus' Mysterious Warmth

Until recently, scientists had only measured heat loss at the moon's south pole. The north pole was believed to be geologically quiet and inactive. To challenge this assumption, the research team used data from NASA's Cassini spacecraft to study the north polar region during two key periods: the deep winter of 2005 and the summer of 2015. These observations allowed scientists to estimate how much energy Enceladus loses as heat moves from its relatively "warm" subsurface ocean (0degC, 32degF) through its icy crust to the surface, which remains bitterly cold (-223degC, -370degF), before escaping into space.




By modeling expected surface temperatures during the long polar night and comparing them with infrared data from Cassini's Composite InfraRed Spectrometer (CIRS), researchers found that the north pole's surface was roughly 7 K warmer than expected. The only explanation for this excess warmth is heat leaking upward from the hidden ocean.

The team measured a heat flow of 46 +- 4 milliwatts per square meter. While that may sound modest, it equals about two-thirds of the average heat escaping through Earth's continental crust. Across Enceladus, this amounts to about 35 gigawatts of energy -- roughly the power produced by 66 million solar panels (530 W each) or 10,500 wind turbines (3.4 MW each).

A Stable Ocean Beneath the Ice

When the new measurements are combined with the heat previously detected at the active south pole, Enceladus' total heat loss reaches about 54 gigawatts. This figure aligns closely with predictions of how much heat should be generated by tidal forces. The nearly perfect balance between heat creation and loss indicates that Enceladus' ocean could remain liquid for vast spans of time, offering a stable, long-term environment that might allow life to develop.

"Understanding how much heat Enceladus is losing on a global level is crucial to knowing whether it can support life," said Dr. Carly Howett (Department of Physics, University of Oxford and Planetary Science Institute in Tucson, Arizona), corresponding author of the study. "It is really exciting that this new result supports Enceladus' long-term sustainability, a crucial component for life to develop."

How Long Has the Ocean Existed?

The next challenge for scientists is to determine how long Enceladus' ocean has been around. If it has existed for billions of years, the conditions for life would have been stable long enough for it to potentially emerge. However, the exact age of the ocean remains uncertain.




Mapping Enceladus for Future Missions

The research also demonstrated that thermal readings can help estimate the thickness of Enceladus' ice shell, an important factor for planning future missions that may attempt to explore its ocean using robotic probes or landers. The analysis suggests that the ice is 20 to 23 km thick at the north pole, and about 25 to 28 km thick on average across the moon -- slightly deeper than earlier estimates derived from other models.

"Eking out the subtle surface temperature variations caused by Enceladus' conductive heat flow from its daily and seasonal temperature changes was a challenge, and was only made possible by Cassini's extended missions," added Dr. Miles. "Our study highlights the need for long-term missions to ocean worlds that may harbor life, and the fact the data might not reveal all its secrets until decades after it has been obtained."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251109032415.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Meet the desert survivor that grows faster the hotter it gets | ScienceDaily
In California's Death Valley, where summer heat often surpasses 120 degrees Fahrenheit, survival appears almost impossible. Yet, among the cracked soil and intense sunlight, one native plant not only endures but flourishes.


						
That plant, Tidestromia oblongifolia, has helped scientists at Michigan State University reveal how life can persist in such extreme conditions. Their findings offer a potential guide for developing crops that can survive in an increasingly hot climate.

In a study published in Current Biology, Research Foundation Professor Seung Yon "Sue" Rhee and Research Specialist Karine Prado report that T. oblongifolia actually grows more quickly under Death Valley's summer conditions. The plant accomplishes this by fine-tuning its photosynthetic system to resist the damaging effects of heat.

A Plant That Grows Stronger in the Heat

For Prado, the project began with a simple question: how can this plant remain green and healthy when most others would wither within hours?

"When we first brought these seeds back to the lab, we were fighting just to get them to grow," Prado said. "But once we managed to mimic Death Valley conditions in our growth chambers, they took off."

Working with colleagues in the Rhee lab at MSU's Plant Resilience Institute, Prado used custom-built growth chambers to reproduce the desert's harsh light and extreme daily temperature shifts. The results were astonishing. In just 10 days, T. oblongifolia tripled its biomass. Meanwhile, other related species known for their heat tolerance stopped growing entirely.




The World's Most Heat-Tolerant Plant

After only two days in extreme heat, T. oblongifolia expanded its photosynthetic comfort zone, allowing it to keep producing energy efficiently. Within two weeks, its optimal photosynthetic temperature rose to 45 degrees Celsius (113 degrees Fahrenheit) -- higher than that of any major crop on record.

"This is the most heat-tolerant plant ever documented," Rhee said. "Understanding how T. oblongifolia acclimates to heat gives us new strategies to help crops adapt to a warming planet."

How the Desert Survivor Works

Using a combination of physiological tests, live imaging, and genomic analysis, the research team uncovered how T. oblongifolia coordinates multiple biological systems to survive.

Under Death Valley-level heat, the plant's mitochondria -- the structures that generate energy -- move closer to the chloroplasts, where photosynthesis occurs. At the same time, the chloroplasts reshape into distinctive "cup-like" forms never before observed in higher plants. These adaptations may help the plant capture and recycle carbon dioxide more efficiently, maintaining energy production even under stress.




Within 24 hours of heat exposure, thousands of genes adjust their activity. Many are involved in shielding proteins, membranes, and photosynthetic machinery from damage. The plant also increases production of an enzyme known as Rubisco activase, which helps keep photosynthesis functioning smoothly at high temperatures.

Lessons for Future Agriculture

With global temperatures expected to rise by as much as 5 degrees Celsius by the end of the century, extreme heat is already reducing yields for essential crops like wheat, maize, and soybeans. As the global population grows, scientists are racing to find ways to sustain food production.

"T. oblongifolia shows us that plants have the capacity to adapt to extreme temperatures," Rhee said. "If we can learn how to replicate those mechanisms in crops, it could transform agriculture in a hotter world."

Learning From Nature's Toughest Survivors

For decades, plant biology has centered on model species that are easy to cultivate, such as Arabidopsis, rice, and maize. Rhee believes it is time to look beyond these familiar plants and study species that have evolved to endure the world's harshest environments.

"Desert plants have spent millions of years solving the challenges we're only beginning to face," she said. "We finally have the tools, such as genomics, high-resolution live imaging and systems biology, to learn from them. What we need now is broader support to pursue this kind of research."

Her lab is already applying these insights, studying how the genes and cellular structures that give T. oblongifolia its extraordinary resilience might be used to make food crops more heat-tolerant.

"This research doesn't just tell us how one desert plant beats the heat," Prado said. "It gives us a roadmap for how all plants might adapt to a changing climate."
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9,000-year-old ice melt shows how fast Antarctica can fall apart | ScienceDaily

The findings suggest that Antarctic ice retreat is not confined to one area but can spread across regions through oceanic links, amplifying ice loss on a continental scale. This process, in which meltwater from one region accelerates melting elsewhere, is known as a "cascading positive feedback." Understanding this chain reaction offers crucial insight into why Antarctic ice sheets may be inherently unstable, both in the distant past and in the modern era.

Reconstructing Ancient Ice-Sheet Collapse

The study set out to identify what caused the large-scale ice loss in East Antarctica thousands of years ago.

The East Antarctic Ice Sheet, which holds over half of Earth's freshwater, is already losing ice in some coastal zones today. Knowing how these massive ice systems responded to earlier warm periods provides valuable clues to their future under modern climate change. To trace this history, the team analyzed marine sediment cores collected from Lutzow-Holm Bay, near Japan's Syowa Station along the Soya Coast. These were combined with geological and geomorphological surveys across Dronning Maud Land.

The sediments were obtained through decades of Japanese Antarctic Research Expeditions (JARE) between 1980 and 2023, including recent sampling from the icebreaker Shirase. Using sedimentological, micropaleontological, and geochemical analyses, along with measurements of beryllium isotope ratios (10Be/9Be), the researchers reconstructed past environmental changes in the bay. Their data show that around 9,000 years ago, warm Circumpolar Deep Water (CDW) surged into the bay, leading to the collapse of floating ice shelves. Once these shelves broke apart, their loss of structural support allowed inland ice to accelerate toward the sea.

Modeling Reveals a Cascading Ocean Feedback

To determine why warm deep water intensified during that period, the researchers ran climate and ocean circulation models. These simulations showed that meltwater from other Antarctic regions, including the Ross Ice Shelf, spread throughout the Southern Ocean. This influx of freshwater freshened the surface ocean, strengthening vertical stratification and preventing cold surface water from mixing downward.




As a result, warm deep water was able to move more easily toward East Antarctica's continental shelf. This created a reinforcing cycle: meltwater increased stratification, which in turn enhanced warm-water inflow, causing even more melting. The models demonstrate that this kind of interconnected "cascading feedback" could allow melting in one sector of Antarctica to trigger or accelerate ice loss in others through large-scale ocean circulation patterns.

A Warning Echoing Across Millennia

The research provides some of the clearest evidence yet that Antarctica's ice sheet can undergo self-reinforcing, widespread melting when the planet warms. Although the event occurred in the early Holocene epoch, when global temperatures were naturally higher than during the last Ice Age, the same physical processes are relevant today.

Modern observations show that parts of the West Antarctic Ice Sheet -- such as the Thwaites and Pine Island glaciers -- are already retreating rapidly as warm deep water intrudes beneath them. If similar cascading feedbacks are happening now, localized melting could spread and accelerate overall ice loss, contributing to faster global sea-level rise.

International Collaboration and Global Implications

The project involved more than 30 institutions, including NIPR, the Geological Survey of Japan (AIST), the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), the University of Tokyo, Kochi University, Hokkaido University, and partners from New Zealand, Spain, and other countries.

This large-scale collaboration combined field surveys, marine sediment studies, cosmogenic nuclide dating, and advanced coupled climate-ocean modeling to reconstruct how the Antarctic ice-ocean system evolved.

Professor Suganuma emphasized the broader meaning of the findings: "This study provides essential data and modeling evidence that will facilitate more accurate predictions of future Antarctic ice-sheet behavior. The cascading feedbacks identified in this study serve to underscore the notion that minor regional alterations can potentially engender global ramifications."
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Life found in a place scientists thought impossible | ScienceDaily
In a new study, first author Palash Kumawat from the University of Bremen's Geosciences Department and his team investigated how microbes manage to survive in one of the planet's harshest underwater environments. They analyzed lipid biomarkers, specialized fat molecules that reveal biological activity, to uncover the organisms' survival strategies. The site's pH of 12 makes it one of the most alkaline environments ever documented, creating conditions that are exceptionally difficult for life to endure.


						
Because so few living cells exist there, detecting DNA is often impossible. Instead, the researchers used trace analysis techniques sensitive enough to identify even faint biochemical signals. "But we were able to detect fats," says Kumawat, currently a PhD candidate in the Geosciences Department. "With the help of these biomarkers we were able to obtain insights into the survival strategies of methane- and sulfate-metabolizing microbes in this extreme environment."

Microbial Clues Hidden in Deep-Sea Chemistry

Microbial life in the deep ocean plays an important role in the global carbon cycle, processing carbon and other elements far below the surface. The communities identified by Kumawat's team draw their energy not from sunlight but from minerals in rocks and gases like carbon dioxide and hydrogen, producing methane in the process -- an important greenhouse gas. These biochemical reactions occur independently of the ocean above, showing that these microbes operate in a self-contained ecosystem.

The lipid molecules also help determine whether the microbes are alive or remnants from ancient communities. Intact biomolecules suggest active or recently living cells, while degraded ones indicate fossilized "geomolecules" from long ago. Kumawat explains that combining isotope data with lipid biomarkers shows evidence of both modern and ancient microbial populations inhabiting this hostile environment. "This distinction helps us when working in areas with extremely low biomass and nutrient deficiency," he notes.

Discovering Life at the Limits

Co-author Dr. Florence Schubotz, an organic geochemist at MARUM -- Center for Marine Environmental Sciences at the University of Bremen, emphasizes how remarkable the discovery is. "What is fascinating about these findings is that life under these extreme conditions, such as high pH and low organic carbon concentrations, is even possible," she says. "Until now, the presence of methane-producing microorganisms in this system has been presumed, but could not be directly confirmed. Furthermore, it is simply exciting to obtain insights into such a microbial habitat because we suspect that primordial life could have originated at precisely such sites."

Uncovering Hidden Volcanoes Beneath the Pacific

The team's samples came from sediment cores collected in 2022 during Expedition SO 292/2 aboard the Research Vessel Sonne. During this mission, scientists discovered previously unknown mud volcanoes in the Mariana forearc region and were able to collect samples directly from them.

The work forms part of the Cluster of Excellence "The Ocean Floor -- Earth's Uncharted Interface." Building on their findings, Kumawat and his colleagues now plan to cultivate these microorganisms in controlled incubators to learn more about how they obtain nutrients and persist in such inhospitable environments.
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        Nearby super-Earth may be our best chance yet to find alien life
        A newly detected super-Earth just 20 light-years away is giving scientists one of the most promising chances yet to search for life beyond our solar system. The discovery of the exoplanet orbiting in the habitable zone of its star was made possible by advanced spectrographs designed at Penn State and by decades of observations from telescopes around the world.

      

      
        Wild new "gyromorph" materials could make computers insanely fast
        Researchers engineered "gyromorphs," a new type of metamaterial that combines liquid-like randomness with large-scale structural patterns to block light from every direction. This innovation solves longstanding limitations in quasicrystal-based designs and could accelerate advances in photonic computing.

      

      
        Nectar wars between bumble bees and invasive ants drain the hive
        Bumble bees battling invasive Argentine ants may win individual fights but ultimately lose valuable foraging time, putting pressure on colonies already strained by habitat loss, disease, and pesticides. New research shows bees often avoid ant-occupied feeders, and while their size helps them win one-on-one clashes, these encounters trigger prolonged aggression that keeps them from collecting food.

      

      
        Your anxiety may be controlled by hidden immune cells in the brain
        Researchers have uncovered surprising evidence that anxiety may be controlled not by neurons but by two dueling groups of immune cells inside the brain. These microglia act like biological pedals--one pushing anxiety forward and the other holding it back.

      

      
        A fierce crocodile ancestor that hunted before dinosaurs has been found
        Scientists have identified a new crocodile precursor that looked deceptively dinosaur-like and hunted with speed and precision. Named Tainrakuasuchus bellator, the armored "warrior" lived 240 million years ago and occupied a powerful niche in the Triassic food chain. Its fossils reveal deep evolutionary links between South America and Africa. The find sheds light on a vibrant ecosystem that existed just before dinosaurs emerged.

      

      
        Jupiter's wild youth may have reshaped the entire Solar System
        Simulations reveal that Jupiter's rapid growth disrupted the early solar system, creating rings where new planetesimals formed much later than expected. These late-forming bodies match the ages and chemistry of chondrite meteorites found on Earth. The findings also help explain why Earth and the other rocky planets remained near 1 AU rather than plunging inward.

      

      
        A 400-million-year-old plant creates water so weird it looks alien
        Researchers discovered that living horsetails act like natural distillation towers, producing bizarre oxygen isotope signatures more extreme than anything previously recorded on Earth--sometimes resembling meteorite water. By tracing these isotopic shifts from the plant base to its tip, scientists unlocked a new way to decode ancient humidity and climate, using both modern plants and fossilized phytoliths that preserve isotopic clues for millions of years.

      

      
        New Neanderthal footprints in Portugal reveal a life we never expected
        Footprints preserved on ancient dunes show Neanderthals actively navigating, hunting, and living along Portugal's coastline. Their behavior and diet suggest a far more adaptable and socially complex population than once assumed.

      

      
        Astronomers stunned by three Earth-sized planets orbiting two suns
        Scientists have identified three Earth-sized planets orbiting two stars in the TOI-2267 system. Remarkably, planets transit around both stars -- a first in astronomy. The system's compact, cold nature defies conventional theories of planetary formation. Future studies using JWST and other advanced telescopes could reveal what these worlds are truly made of.

      

      
        NASA's Webb finds life's building blocks frozen in a galaxy next door
        Astronomers using the James Webb Space Telescope have uncovered a trove of complex organic molecules frozen in ice around a young star in a neighboring galaxy -- including the first-ever detection of acetic acid beyond the Milky Way. Found in the Large Magellanic Cloud, these molecules formed under harsh, metal-poor conditions similar to those in the early universe, suggesting that the chemical precursors of life may have existed far earlier and in more diverse environments than previously imagine...

      

      
        Scientists just found a material that beats diamond at its own game
        Boron arsenide has dethroned diamond as the best heat conductor, thanks to refined crystal purity and improved synthesis methods. This discovery could transform next-generation electronics by combining record-breaking thermal conductivity with strong semiconductor properties.

      

      
        A 540-million-year-old fossil is rewriting evolution
        Over 500 million years ago, the Cambrian Period sparked an explosion of skeletal creativity. Salterella, a peculiar fossil, defied conventions by combining two different mineral-building methods. After decades of confusion, scientists have linked it to the cnidarian family. The find deepens our understanding of how animals first learned to build their own skeletons.

      

      
        Earth is slowly peeling its continents from below, fueling ocean volcanoes
        Researchers discovered that continents don't just split at the surface--they also peel from below, feeding volcanic activity in the oceans. Simulations reveal that slow mantle waves strip continental roots and push them deep into the oceanic mantle. Data from the Indian Ocean confirms this hidden recycling process, which can last tens of millions of years.

      

      
        Scientists shocked as bumblebees learn to read simple "Morse code"
        In a first-of-its-kind study, scientists found that bumblebees can tell the difference between short and long light flashes, much like recognizing Morse code. The insects learned which signal led to a sweet reward, demonstrating an unexpected sense of timing. This ability may stem from a fundamental neural process, suggesting that even tiny brains have complex time-tracking mechanisms relevant to evolution and AI.

      

      
        What brain scans reveal about soccer fans' passion and rage
        Researchers scanning soccer fans' brains found that wins trigger bursts of reward activity while losses dampen control signals. The results show how loyalty and rivalry can override logic, turning competition into an emotional storm. The same brain circuits that fuel sports passion may also underlie political or social fanaticism. Early experiences, the study suggests, shape whether these circuits lead to healthy excitement or explosive reactions.

      

      
        Brain-like learning found in bacterial nanopores
        Scientists at EPFL have unraveled the mystery behind why biological nanopores, tiny molecular holes used in both nature and biotechnology, sometimes behave unpredictably. By experimenting with engineered versions of the bacterial pore aerolysin, they discovered that two key effects, rectification and gating, stem from the pore's internal electrical charges and their interaction with passing ions. The team even built nanopores that imitate brain-like "learning," hinting at future applications in b...

      

      
        AI revives lost 3,000-year-old Babylonian hymn
        Researchers have rediscovered a long-lost Babylonian hymn from 1000 BCE, using artificial intelligence to piece together fragments scattered across the world. The hymn glorifies ancient Babylon's beauty, prosperity, and inclusivity, even describing women's priestly roles -- a rarity in surviving texts. Once a school favorite, it now provides a rare glimpse into everyday life and beliefs of the city that once ruled the world.

      

      
        Entangled spins give diamonds a quantum advantage
        UC Santa Barbara physicists have engineered entangled spin systems in diamond that surpass classical sensing limits through quantum squeezing. Their breakthrough enables next-generation quantum sensors that are powerful, compact, and ready for real-world use.

      

      
        This 14th century story fooled the world about the Black Death
        Historians have traced myths about the Black Death's rapid journey across Asia to one 14th-century poem by Ibn al-Wardi. His imaginative maqama, never meant as fact, became the foundation for centuries of misinformation about how the plague spread. The new study exposes how fiction blurred with history and highlights how creative writing helped medieval societies process catastrophe.

      

      
        Astronomers just solved the mystery of "impossible" black holes
        New simulations suggest magnetic fields hold the key to forming black holes that defy known mass limits. When powerful magnetic forces act on a collapsing, spinning star, they eject vast amounts of material, creating smaller yet faster-spinning black holes. This process could explain the puzzling GW231123 collision and the existence of "forbidden" black holes.

      

      
        Scientists uncover a hidden universal law limiting life's growth
        Japanese researchers uncovered a universal rule describing why life's growth slows despite abundant nutrients. Their "global constraint principle" integrates classic biological laws to show that multiple factors limit cellular growth in sequence. Verified through E. coli simulations, it provides a powerful new lens for studying living systems. The work could boost crop yields and biomanufacturing efficiency.

      

      
        Clearing brain plaques isn't enough to heal Alzheimer's
        Japanese researchers found that lecanemab, an amyloid-clearing drug for Alzheimer's, does not improve the brain's waste clearance system in the short term. This implies that nerve damage and impaired clearance occur early and are difficult to reverse. Their findings underscore that tackling amyloid alone may not be enough to restore brain function, urging a broader approach to treatment.

      

      
        Scientists find brain chemical tied to trauma and depression
        Researchers identified SGK1 as a key chemical connecting childhood trauma to depression and suicidal behavior. High SGK1 levels were found in the brains of suicide victims and in people with genetic variants linked to early adversity. Drugs that block SGK1 could offer a new kind of antidepressant, especially for patients resistant to SSRIs.

      

      
        Hidden weakness makes prostate cancer self-destruct
        Researchers have discovered that prostate cancer depends on two key enzymes, PDIA1 and PDIA5, to survive and resist therapy. When blocked, these enzymes cause the androgen receptor to collapse, killing cancer cells and enhancing the effects of drugs like enzalutamide. They also disrupt the cancer's energy system, striking it on multiple fronts. This breakthrough could open a new path to overcoming drug resistance in advanced prostate cancer.

      

      
        A neutron star's weird wind rewrites space physics
        XRISM's observations of GX13+1 revealed a slow, fog-like wind instead of the expected high-speed blast, challenging existing models of radiation-driven outflows. The discovery hints that temperature differences in accretion discs may determine how energy shapes the cosmos.

      

      
        Physicists prove the Universe isn't a simulation after all
        New research from UBC Okanagan mathematically demonstrates that the universe cannot be simulated. Using Godel's incompleteness theorem, scientists found that reality requires "non-algorithmic understanding," something no computation can replicate. This discovery challenges the simulation hypothesis and reveals that the universe's foundations exist beyond any algorithmic system.

      

      
        New research finds no clear link between acetaminophen (Tylenol) and autism
        A sweeping review of existing studies finds no solid evidence that using acetaminophen (Tylenol) during pregnancy increases the risk of autism or ADHD in children. Researchers found that previous reviews often relied on weak or biased data, and most did not properly account for genetic or environmental factors shared by families. When these factors were considered, any apparent link between acetaminophen use and neurodevelopmental disorders largely disappeared.

      

      
        Archaeologists may have finally solved Peru's strange "Band of Holes" mystery
        In Peru's mysterious Pisco Valley, thousands of perfectly aligned holes known as Monte Sierpe have long puzzled scientists. New drone mapping and microbotanical analysis reveal that these holes may once have served as a bustling pre-Inca barter market--later transformed into an accounting system under the Inca Empire.

      

      
        Surprising heart study finds daily coffee may cut AFib risk by 39%
        New research finds that daily coffee drinking may cut AFib risk by nearly 40%, defying decades of medical caution. Scientists discovered that caffeine's effects on activity, blood pressure, and inflammation could all contribute to a healthier heart rhythm. The DECAF clinical trial's findings suggest coffee could be not only safe but beneficial for people with A-Fib.

      

      
        Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life
        NASA's Cassini mission has revealed surprising heat flow at Enceladus' north pole, showing the moon releases energy from both ends. This balance of heat could allow its subsurface ocean to remain liquid for billions of years, supporting conditions for life. The study also refined estimates of ice thickness, giving scientists a clearer picture of where to search next.

      

      
        Meet the desert survivor that grows faster the hotter it gets
        In Death Valley's relentless heat, Tidestromia oblongifolia doesn't just survive--it thrives. Michigan State University scientists discovered that the plant can quickly adjust its photosynthetic machinery to endure extreme temperatures that would halt most species. Its cells reorganize, its genes switch on protective functions, and it even reshapes its chloroplasts to keep producing energy. The findings could guide the creation of crops capable of withstanding future heat waves.

      

      
        9,000-year-old ice melt shows how fast Antarctica can fall apart
        Around 9,000 years ago, East Antarctica went through a dramatic meltdown that was anything but isolated. Scientists have discovered that warm deep ocean water surged beneath the region's floating ice shelves, causing them to collapse and unleashing a domino effect of ice loss across the continent. This process created a "cascading positive feedback," where melting in one area sped up melting elsewhere through interconnected ocean currents.

      

      
        Life found in a place scientists thought impossible
        Deep beneath the ocean, scientists uncovered thriving microbial life in one of Earth's harshest environments--an area with a pH of 12, where survival seems nearly impossible. Using lipid biomarkers instead of DNA, researchers revealed how these microbes persist by metabolizing methane and sulfate. The discovery not only sheds light on deep-sea carbon cycling but also suggests that life may have originated in similar extreme conditions, offering a glimpse into both Earth's past and the limits of li...

      

      
        Microbes that breathe rust could help save Earth's oceans
        Researchers from the University of Vienna discovered MISO bacteria that use iron minerals to oxidize toxic sulfide, creating energy and producing sulfate. This biological process reshapes how scientists understand global sulfur and iron cycles. By outpacing chemical reactions, these microbes could help stop the spread of oceanic dead zones and maintain ecological balance.

      

      
        New bacterial therapy destroys cancer without the immune system
        A Japanese-led research team has developed AUN, a groundbreaking immune-independent bacterial cancer therapy that uses two harmonized bacteria to destroy tumors even in patients with weakened immune systems. By leveraging the natural synergy between Proteus mirabilis and Rhodopseudomonas palustris, AUN selectively targets cancer cells, reshapes itself within tumors, and avoids harmful side effects like cytokine release syndrome.

      

      
        AI unravels the hidden communication of gut microbes
        Scientists have turned to advanced AI to decode the intricate ecosystem of gut bacteria and their chemical signals. Using a Bayesian neural network called VBayesMM, researchers can now identify genuine biological links rather than random correlations. The system has already outperformed traditional models in studies of obesity, sleep disorders, and cancer.

      

      
        A simple DNA test could reveal the right antidepressant for you
        Millions struggle with depression and anxiety, often enduring long waits for effective treatment. Scientists in Sweden, Denmark, and Germany are developing a genetic test to predict which medications will actually work. Using polygenic risk scores, they can analyze DNA variations linked to mental health and drug response.

      

      
        Astronomers shocked by mysterious gas found in deep space
        Astronomers have discovered phosphine gas in the atmosphere of an ancient brown dwarf, Wolf 1130C, using the James Webb Space Telescope. The finding is puzzling because phosphine, a potential biosignature, has been missing from other similar objects. The detection may reveal how phosphorus behaves in low-metal environments or how stellar remnants like white dwarfs enrich their surroundings with this crucial element.

      

      
        Supercomputer breakthrough exposes Enceladus's hidden ocean
        From Cassini's awe-inspiring flybys to cutting-edge simulations, scientists are decoding the secrets of Enceladus's geysers. Supercomputer models show the icy moon's plumes lose less mass than expected, refining our understanding of its mysterious interior. These discoveries could shape future missions that may one day explore its subsurface ocean--and perhaps even detect life below the ice.

      

      
        Dark energy might be changing and so is the Universe
        New supercomputer simulations hint that dark energy might be dynamic, not constant, subtly reshaping the Universe's structure. The findings align with recent DESI observations, offering the strongest evidence yet for an evolving cosmic force.

      

      
        DNA's hidden power could transform how we make medicines
        Scientists found that DNA's phosphate groups can direct chemical reactions to make the correct mirror-image form of drug molecules. This breakthrough simplifies chiral drug production, reducing waste and energy use. Using a new "PS scanning" method, the team pinpointed which DNA parts guide reactions. The approach could revolutionize green chemistry in pharmaceuticals.

      

      
        Stanford discovers an extraordinary crystal that could transform quantum tech
        Stanford scientists found that strontium titanate improves its performance when frozen to near absolute zero, showing extraordinary optical and mechanical behavior. Its nonlinear and piezoelectric properties make it ideal for cryogenic quantum technologies. Once overlooked, this cheap, accessible material now promises to advance lasers, computing, and space exploration alike.

      

      
        "Really bizarre" quantum discovery defies the rules of physics
        Researchers have discovered quantum oscillations inside an insulating material, overturning long-held assumptions. Their work at the National Magnetic Field Laboratory suggests that the effect originates in the material's bulk rather than its surface. The finding points toward a "new duality" in materials science--where compounds may behave as both metals and insulators--offering a fascinating puzzle for future research.

      

      
        New laser treatment could stop blindness before it starts
        Aalto University scientists have created a laser-based treatment that uses gentle heat to stop the progression of dry macular degeneration. The approach stimulates the eye's natural cleanup and repair systems to protect against blindness.

      

      
        DNA in seawater reveals lost hammerhead sharks
        A revolutionary eDNA test detects endangered hammerhead sharks using genetic traces left in seawater, eliminating the need to capture or even see them. This powerful tool could finally uncover where these elusive species still survive, and help protect them before they disappear for good.

      

      
        Scientists find brain cells that could stop Alzheimer's
        Researchers have identified special immune cells in the brain that help slow Alzheimer's. These microglia work to reduce inflammation and block the spread of harmful proteins. They appear to protect memory and brain health, offering a promising new direction for therapy.

      

      
        A 500-million-year-old brain "radar" still shapes how you see
        New research shows that the superior colliculus, a primitive brain region, can independently interpret visual information. This challenges long-held beliefs that only the cortex handles such complex computations. The discovery highlights how ancient neural circuits guide attention and perception, shaping how we react to the world around us.

      

      
        Laser satellites expose a secret Antarctic carbon burst
        A new study shows that the Southern Ocean releases far more carbon dioxide in winter than once thought. By combining laser satellite data with AI analysis, scientists managed to "see" through the polar darkness for the first time. The results reveal a 40% undercount in winter emissions, changing how researchers view the ocean's carbon balance and its impact on climate models.

      

      
        Einstein might have been wrong about black holes
        Researchers are using black hole shadows to challenge Einstein's theory of relativity. With new simulations and future ultra-sharp telescope images, they may uncover signs that his famous equations don't tell the whole story.

      

      
        MIT quantum breakthrough edges toward room-temp superconductors
        MIT scientists uncovered direct evidence of unconventional superconductivity in magic-angle graphene by observing a distinctive V-shaped energy gap. The discovery hints that electron pairing in this material may arise from strong electronic interactions instead of lattice vibrations.
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Nearby super-Earth may be our best chance yet to find alien life | ScienceDaily
A possible "super-Earth" located less than 20 light-years from Earth is giving researchers renewed optimism in the search for planets that might host life. The newly identified world, GJ 251 c, earned its "super-Earth" label because current data indicate it is almost four times the mass of Earth and is likely a rocky planet.


						
"We look for these types of planets because they are our best chance at finding life elsewhere," said Suvrath Mahadevan, the Verne M. Willaman Professor of Astronomy at Penn State and co-author of a recent paper in The Astronomical Journal. "The exoplanet is in the habitable or the 'Goldilocks Zone,' the right distance from its star that liquid water could exist on its surface, if it has the right atmosphere."

Two Decades of Observations Lead to Breakthrough

For many years, astronomers searching for planets capable of hosting liquid water have developed ever more advanced telescopes and modeling tools to detect extremely faint variations in starlight. According to Mahadevan, this new result arose from more than 20 years of observations and represents one of the strongest opportunities yet to investigate a potentially habitable world.

The exoplanet was identified using data from the Habitable-Zone Planet Finder (HPF), a high-precision near-infrared spectrograph that functions as a sophisticated prism to separate starlight into its components. The HPF is installed on the Hobby-Eberly Telescope at the McDonald Observatory in Texas, and Penn State researchers led its design and construction to support the search for Earth-like planets orbiting nearby stars.

"We call it the Habitable Zone Planet Finder, because we are looking for worlds that are at the right distance from their star that liquid water could exist on their surface. This has been the central goal of that survey," Mahadevan said. "This discovery represents one of the best candidates in the search for atmospheric signature of life elsewhere in the next five to ten years."

Detecting a Subtle Stellar Wobble

Mahadevan and his team studied a large set of measurements collected worldwide over two decades. Their analysis focused on the small but measurable "wobble" of the host star, GJ 251, caused by gravitational pulls from orbiting planets. These motions appear as slight Doppler shifts in the star's light.




They first refined measurements of a previously known inner planet, GJ 251 b, which completes an orbit every 14 days. By combining the long-term observations with new high-precision HPF data, the researchers detected a stronger signal repeating every 54 days, pointing to the presence of a more massive second planet. Additional confirmation came from the NEID spectrometer, another instrument built by Penn State researchers and operating at the Kitt Peak National Observatory in Arizona.

"We are at the cutting edge of technology and analysis methods with this system," said Corey Beard, corresponding author of the paper, who carried out the research while earning his doctorate in astrophysics at the University of California, Irvine. "We need the next generation of telescopes to directly image this candidate, but what we also need is community investment."

Overcoming Stellar Activity to Reveal Planetary Signals

One of the major difficulties in exoplanet detection is separating a planet's signal from the star's own magnetic activity, which Mahadevan compared to a form of stellar weather. Starspots and other surface features can mimic the periodic variations produced by orbiting planets, creating the illusion of a planetary presence. To distinguish between the two, the team used advanced modeling techniques that examine how signals behave across different colors of light.

"This is a hard game in terms of trying to beat down stellar activity as well as measuring its subtle signals, teasing out slight signals from what is essentially this frothing, magnetospheric cauldron of a star surface," Mahadevan said.

He noted that detecting planets like GJ 251 c depends not only on sophisticated equipment but also on complex analysis and international teamwork. Such projects require long-term funding and coordination because meaningful discoveries can take decades to emerge.




Collaboration and Advanced Tools Enable Discovery

"This discovery is a great example of the power of multi-disciplinary research at Penn State," said Eric Ford, distinguished professor of astronomy and astrophysics and director of research for Penn State's Institute of Computational & Data Sciences (ICDS). "Mitigating stellar activity noise required not just cutting-edge instrumentation and telescope access, but also customizing the data science methods for the specific needs of this star and combination of instruments. The combination of exquisite data and state-of-the art statistical methods enabled our interdisciplinary team to transform data into an exciting discovery that paves the way for future observatories to search for evidence of life beyond our solar system."

Although current technology cannot produce direct images of GJ 251 c, Mahadevan said that upcoming telescopes will be capable of examining the planet's atmosphere, potentially revealing chemical traces of life.

Preparing for Next-Generation Telescopes

"We are always focused on the future," he said. "Whether that's making sure the next generation of students can engage in cutting-edge research or designing and building new technology to detect potentially habitable planets."

GJ 251 c is situated in a position that future advanced telescopes will be able to study directly. Mahadevan and his students are already preparing for the era of 30-meter-class ground based telescopes, which will carry instruments capable of imaging rocky planets within their stars' habitable zones.

"While we can't yet confirm the presence of an atmosphere or life on GJ 251 c, the planet represents a promising target for future exploration," Mahadevan said. "We made an exciting discovery, but there's still much more to learn about this planet."

The U.S. National Science Foundation, NASA and the Heising-Simons Foundation supported the Penn State aspects of this research.
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Wild new "gyromorph" materials could make computers insanely fast | ScienceDaily
Researchers are exploring a new generation of computers that operate using light, or photons, instead of electrical currents. Systems that rely on light to store and process information could one day run far more efficiently and complete calculations much faster than conventional machines.


						
Light-driven computing is still at an early stage, and one of the main technical obstacles involves controlling tiny streams of light traveling through a chip. Rerouting these microscopic signals without weakening them requires carefully engineered materials. To keep signals strong, the hardware must include a lightweight substance that prevents stray light from entering from any direction. This type of material is known as an "isotropic bandgap material."

Discovery of Gyromorphs at NYU

Scientists at New York University have identified a new material called "gyromorphs" that meets this challenge more effectively than any other known structure. Gyromorphs combine features normally associated with liquids and crystals, yet they exceed both in their ability to block incoming light from all angles. The discovery, reported in Physical Review Letters, introduces a fresh strategy for tuning optical behavior and could help advance the development of photonic computers.

"Gyromorphs are unlike any known structure in that their unique makeup gives rise to better isotropic bandgap materials than is possible with current approaches," says Stefano Martiniani, an assistant professor of physics, chemistry, mathematics and neural science, and the senior author of the study.

Why Existing Materials Fall Short

For decades, researchers have looked to quasicrystals when designing isotropic bandgap materials. These structures, first proposed by physicists Paul Steinhardt and Dov Levine in the 1980s and later observed by Dan Schechtman, follow mathematical rules but do not repeat like traditional crystals.




Despite their promise, quasicrystals come with a trade-off noted by the NYU team. They may completely block light, but only from limited directions. Alternatively, they can weaken light from all directions but fail to fully stop it. This limitation has driven scientists to search for alternatives that can block signal-degrading light more comprehensively.

Engineering New Metamaterials

In their Physical Review Letters study, the NYU researchers created "metamaterials," which are engineered structures whose properties depend on their architecture rather than on their chemical composition. One major challenge in designing these materials lies in understanding how their arrangement leads to desired physical behaviors.

To overcome this, the team developed an algorithm capable of producing functional structures with built-in disorder. Their work revealed a new form of "correlated disorder" that sits between the fully ordered and fully random extremes.

"Think of trees in a forest -- they grow at random positions, but not completely random because they're usually a certain distance from one another," Martiniani explains. "This new pattern, gyromorphs, combines properties that we believed to be incompatible and displays a function that outperforms all ordered alternatives, including quasicrystals."

How Gyromorphs Achieve Their Unique Capabilities

During their analysis, the scientists observed that every isotropic bandgap material exhibited a shared structural signature.




"We wanted to make this structural signature as pronounced as possible," says Mathias Casiulis, a postdoctoral fellow in NYU's Department of Physics and the paper's lead author. "The result was a new class of materials -- gyromorphs -- that reconcile seemingly incompatible features.

"This is because gyromorphs don't have a fixed, repeating structure like a crystal, which gives them a liquid-like disorder, but, at the same time, if you look at them from a distance they form regular patterns. These properties work together to create bandgaps that lightwaves can't penetrate from any direction."

The research also included Aaron Shih, an NYU graduate student, and received support from the Simons Center for Computational Physical Chemistry (839534) and the Air Force Office of Scientific Research (FA9550-25-1-0359).
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Nectar wars between bumble bees and invasive ants drain the hive | ScienceDaily
When bumble bees come up against invasive Argentine ants at feeding sites, they may win a direct confrontation but still return to the colony with less food. These encounters can leave bees with fewer resources even when they appear to come out ahead in a fight.


						
Bumble bees already deal with significant challenges from pesticide exposure, shrinking natural habitat, and widespread diseases. Former University of California, Riverside entomology graduate student Michelle Miner questioned whether the added pressure from aggressive ants could be making things worse for these essential pollinators.

"With how important bumble bees are as pollinators, it made sense to try and understand more about what's going on in these tiny nectar wars, because they could have a big impact," Miner said.

Studying Ant and Bee Interactions

Miner's findings, published in the Journal of Insect Science, involved an extensive review of more than 4,300 individual behaviors recorded from over 415 bumble bees.

The experiments took place in the lab of UCR professor Erin Wilson Rankin. Six bumble bee colonies foraged in a shared arena where they could approach feeders that either had ants nearby or had no ants at all.

Argentine ants, often called sugar ants, rely on biting rather than stinging. Their strength comes from their ability to gather in large numbers and overwhelm other insects.




"They can dominate a food resource just by showing up en masse," Wilson Rankin said.

Bees Avoid Ant Crowds but Still Risk Bites

The bees consistently chose to stay away from feeders with ants. As the number of ants increased, bees were less willing to feed there. More ants also meant a higher likelihood of bees being bitten. Although the bites were not deadly, the bees sometimes retaliated.

"We do see the aggression being bi-directional," Wilson Rankin said. "Sometimes you'll see ant heads on the bee legs because they were feeding and in response to an attack, the bee bit the ant and decapitated it."

While bumble bees can sting without dying (unlike honeybees), Miner never observed stinging behavior during these trials. Instead, bees relied on their mandibles to defend themselves.

"Mandibles are like teeth but not only used to chew," Miner said. "They can flare open to handle flowers or crunch a foe."

Winning Fights but Losing Foraging Time




The bees' larger size helped them prevail against individual ants in most direct confrontations during the lab study. However, this apparent advantage did not necessarily translate into a positive outcome for the entire colony.

Rather than returning immediately to forage after meeting an ant, bees frequently engaged in repeated aggressive exchanges.

"The ant presence induced prolonged aggressive exchanges," Wilson Rankin said. "Even though that one bee might benefit from being aggressive in the short term, it may not be beneficial for the colony overall."

Energy Loss and Uncertain Colony Impacts

Once bees shift into attack behavior, they stop gathering food.

"They're wasting energy, they could be getting harmed, and they're not bringing food back," Wilson Rankin said.

Scientists still do not know how the colony responds when foragers return with less than expected.

"We do know that the youngest bees don't leave the colony. Once they're old enough to 'get their licenses' they go out and forage," Wilson Rankin said. "We don't know if the colony sends out additional foragers when one comes back short. That's the next question it's important to answer."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251113071606.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Your anxiety may be controlled by hidden immune cells in the brain | ScienceDaily
Anxiety disorders affect roughly one in five people in the United States, making them among the most widespread mental health challenges. Although common, scientists still have many questions about how anxiety begins and is controlled within the brain. New research from the University of Utah has now pinpointed two unexpected groups of brain cells in mice that behave like "accelerators" and "brakes" for anxious behavior.


						
The team discovered that the cells responsible for adjusting anxiety levels are not neurons, which typically relay long-distance electrical signals and form circuits throughout the body. Instead, a specific class of immune cells known as microglia appears to play a central role in determining whether mice show anxious behavior. One subset of microglia increases anxiety responses, while another reduces them.

"This is a paradigm shift," says Donn Van Deren, PhD, a postdoctoral research fellow at the University of Pennsylvania who carried out the work while at University of Utah Health. "It shows that when the brain's immune system has a defect and is not healthy, it can result in very specific neuropsychiatric disorders."

The findings are reported in Molecular Psychiatry.

Microglia Show a More Complex Role Than Expected

Earlier experiments had already suggested that microglia influence anxiety, but researchers initially believed that all microglia functioned in the same way. When they interfered with a particular subset known as Hoxb8 microglia, the mice began behaving as though they were anxious. However, when researchers blocked the activity of all microglia at once, including both Hoxb8 and non-Hoxb8 groups, the mice behaved normally.

These confusing results led the team to suspect that the two types of microglia might work in opposite directions. Hoxb8 microglia might help prevent anxiety, while non-Hoxb8 microglia might encourage it. To test this idea, they needed to examine each type of microglia on its own.




Testing the Brain's Internal Anxiety Accelerator and Brake

To isolate each group, the researchers designed an unusual experiment that involved transplanting different types of microglia into mice that lacked microglia entirely.

Their tests showed that non-Hoxb8 microglia function like a gas pedal for anxiety. When the team transplanted only non-Hoxb8 microglia into the microglia-free mice, the animals displayed strong signs of anxiety. They groomed themselves repeatedly and avoided open spaces, behaviors that typically indicate heightened anxiety in mice. Without Hoxb8 microglia present, the anxiety "accelerator" remained active without any natural balancing force.

In contrast, Hoxb8 microglia acted like the braking system. Mice given only Hoxb8 microglia did not behave anxiously. Importantly, mice that received both microglial types also showed no signs of anxiety. Even though non-Hoxb8 cells encouraged anxious behavior, the presence of Hoxb8 cells neutralized those effects.

"These two populations of microglia have opposite roles," says Mario Capecchi, PhD, distinguished professor of human genetics at University of Utah Health and senior author of the study. "Together, they set just the right levels of anxiety in response to what is happening in the mouse's environment."

Implications for Future Anxiety Treatments

According to the researchers, these results could reshape how scientists think about the biological roots of anxiety disorders and how they might be treated in the future. "Humans also have two populations of microglia that function similarly," Capecchi explains. Despite this, nearly all current psychiatric medications target neurons rather than microglia.




Understanding how these immune cells influence anxiety could lead to therapies that intentionally enhance the braking effect or reduce the accelerator activity. "This knowledge will provide the means for patients who have lost their ability to control their levels of anxiety to regain it," Capecchi says.

Van Deren adds a note of caution. "We're far from the therapeutic side," he says, "but in the future, one could probably target very specific immune cell populations in the brain and correct them through pharmacological or immunotherapeutic approaches. This would be a major shift in how to treat neuropsychiatric disorders."

The study appears in Molecular Psychiatry under the title "Defective Hoxb8 microglia are causative for both chronic anxiety and pathological overgrooming in mice."

The research was supported by the National Institutes of Health, including the National Institute of Mental Health (R01 MH093595), the Dauten Family Foundation, and the University of Utah Flow Cytometry Facility. The authors note that the content is solely their responsibility and does not necessarily represent the official views of the National Institutes of Health.
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A fierce crocodile ancestor that hunted before dinosaurs has been found | ScienceDaily
A newly identified carnivorous reptile may look like a dinosaur at first glance, but researchers have confirmed that it was actually an early relative of modern crocodiles.


						
The species is named Tainrakuasuchus bellator, a title partly inspired by the Latin word for "warrior" or "fighter." This armored animal lived 240 million years ago, during a time just before dinosaurs appeared.

As a member of the Pseudosuchia (the precursors of modern crocodiles and alligators), it belonged to a dominant group of predators that thrived in the Triassic Period.

Size, Hunting Skills, and Early Ecosystem Role

Details of the discovery appear in the peer-reviewed Journal of Systematic Palaeontology. According to the study, the creature measured about 2.4m in length and weighed around 60kg.

Its long neck and agile body allowed it to strike quickly at prey. Once it closed in, it used slender jaws filled with sharp, recurved teeth to secure its target and prevent escape.

"This animal was an active predator, but despite its relatively large size, it was far from the largest hunter of its time with the same ecosystem home to giants as big as seven meters long," explains lead author Dr. Rodrigo Temp Muller, who led the paleontology team at the Universidade Federal de Santa Maria in Brazil.




"Pseudosuchia were a diverse group of animals capable of tackling robust prey, as well as small hunters specialized in catching swift animals.

"Although its appearance superficially resembles that of a dinosaur, Tainrakuasuchus bellator does not belong to that group. One of the clearest ways for us to distinguish it from dinosaurs lies in the structure of the pelvis where the characteristics of its hip and femur joints are very different."

A Glimpse Into Pre-Dinosaur Biodiversity

Dr. Muller notes: "Tainrakuasuchus bellator's discovery represents the complexity of the ecosystem at the time, with different pseudosuchia species -- varying in sizes and hunting strategies -- occupying specific ecological niches.

"Its discovery helps illuminate a key moment in the history of life, the period that preceded the rise of the dinosaurs."

The fossils were uncovered during a May 2025 excavation in the municipality of Dona Francisca in southern Brazil. The team found a partial skeleton encased in rock that included portions of the lower jaw, vertebrae, and pelvic girdle.




Analysis of the bones revealed details about the animal's behavior and confirmed that Tainrakuasuchus bellator was protected by bony plates called osteoderms, which are also found in today's crocodiles.

Although its limbs were not preserved, the researchers believe it moved on all fours, similar to related species.

Meaning Behind the Name

The name 'Tainrakuasuchus' blends the Guarani words tain ("tooth") and rakua ("pointed") with the Greek suchus ("crocodile"), referring to its sharp teeth.

The second part, 'bellator,' comes from the Latin word for "warrior" or "fighter" and, according to the authors, "honors the people of Rio Grande do Sul, symbolizing their strength, resilience, and fighting spirit, especially in light of the recent floods that have affected the state."

Rare Fossil With Links Across Ancient Pangaea

Dr. Muller describes the find as "extremely rare" and says it provides more evidence of the ancient connection between Brazil and Africa during the Triassic Period -- when the world's landmasses were joined into the supercontinent Pangaea.

"Despite the diversity of pseudosuchians, they remain poorly understood, as fossils of some their lineages are extremely rare in the fossil record," Dr. Muller says.

"The fossils we found underwent a meticulous preparation process in the laboratory, during which the surrounding rock was carefully removed.

"Once the anatomical details were revealed, we were delighted and really excited to reveal that the specimen represented a species previously unknown to science.

"What we uncovered was a species that belongs to a predator closely related to one (Mandasuchus tanyauchen) found in Tanzania.

"This connection between animals from South America and Africa can be understood in light of the Triassic Period's paleogeography.

"At that time, the continents were still united, which allowed the free dispersal of organisms across regions that are now separated by oceans. As a result, the faunas of Brazil and Africa shared several common elements, reflecting an intertwined evolutionary and ecological history.

"Tainrakuasuchus bellator would have lived in a region bordering a vast, arid desert -- the same setting as where the first dinosaurs emerged.

"It shows that, in what is now southern Brazil, reptiles had already formed diverse communities adapted to various survival strategies. Moreover, this discovery reveals that such diversity was not an isolated phenomenon."
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Jupiter's wild youth may have reshaped the entire Solar System | ScienceDaily
New research from Rice University indicates that Jupiter dramatically reshaped the early solar system. According to the study, the giant planet created rings and wide gaps in the protoplanetary disk, helping to solve a long-standing mystery: why many primitive meteorites formed several million years after the very first solid materials. The work draws on hydrodynamic models of Jupiter's growth combined with simulations that track how dust and young planets evolve. The findings appear in Science Advances.


						
Using advanced computer simulations, planetary scientists Andre Izidoro and Baibhav Srivastava found that Jupiter's rapid early expansion disturbed the disk of gas and dust surrounding the young sun. The planet's strong gravitational pull generated ripples throughout the disk, creating what they describe as "cosmic traffic jams" that kept small particles from falling into the sun. Instead, these particles accumulated in dense bands, allowing them to merge into planetesimals, the solid precursors of planets.

Second-Generation Planetesimals and the Origin of Chondrites

A key finding from the study is that the planetesimals forming within these bands were not the solar system's original building blocks. They were part of a later generation and formed at a time that matches the birth of many chondrites, a class of stony meteorites that contain both chemical and chronological clues from the solar system's earliest era.

"Chondrites are like time capsules from the dawn of the solar system," said Izidoro, assistant professor of Earth, environmental and planetary sciences at Rice. "They have fallen to Earth over billions of years, where scientists collect and study them to unlock clues about our cosmic origins. The mystery has always been: Why did some of these meteorites form so late, 2 to 3 million years after the first solids? Our results show that Jupiter itself created the conditions for their delayed birth."

Chondrites are especially important because they preserve some of the most untouched material available for scientific study. Meteorites from the first generation of planet-building objects melted and transformed, losing much of their original structure. In contrast, chondrites retain primitive solar system dust as well as small molten droplets called chondrules. Their unexpectedly late formation has challenged researchers for decades.

"Our model ties together two things that didn't seem to fit before -- the isotopic fingerprints in meteorites, which come in two flavors, and the dynamics of planet formation," Srivastava explained. "Jupiter grew early, opened a gap in the gas disk, and that process protected the separation between inner and outer solar system material, preserving their distinct isotopic signatures. It also created new regions where planetesimals could form much later."

How Jupiter Helped Shape the Inner Solar System




The research also sheds light on another puzzle: why Earth, Venus and Mars orbit near 1 astronomical unit from the sun instead of spiraling inward, a common outcome in many planetary systems observed around other stars. By blocking the inward flow of gas, Jupiter prevented young planets from migrating toward the sun. As a result, these worlds remained in the terrestrial zone, where Earth and its neighboring planets eventually formed.

"Jupiter didn't just become the biggest planet -- it set the architecture for the whole inner solar system," Izidoro said. "Without it, we might not have Earth as we know it."

The team's conclusions align with ring-and-gap patterns now seen in the disks of young star systems observed through the Atacama Large Millimeter/submillimeter Array (ALMA) telescope in northern Chile. These structures show how forming giant planets can reshape their surroundings.

"Looking at those young disks, we see the beginning of giant planets forming and reshaping their birth environment," Izidoro said. "Our own solar system was no different. Jupiter's early growth left a signature we can still read today, locked inside meteorites that fall to Earth."

This research was supported in part by the National Science Foundation (NSF), the NSF-funded Big-Data Private-Cloud Research Cyberinfrastructure and Rice's Center for Research Computing.
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A 400-million-year-old plant creates water so weird it looks alien | ScienceDaily
A research group at The University of New Mexico has identified how an unusual prehistoric plant may provide new ways to interpret Earth's ancient climate conditions.


						
Led by UNM Earth and Planetary Sciences Professor Zachary Sharp, the team published its findings in the Proceedings of the National Academy of Sciences (PNAS). The study, titled "Extreme triple oxygen isotope fractionation in Equisetum," examines horsetails, which are hollow-stemmed plants that have existed on the planet for more than 400 million years. The researchers discovered that as water moves through these plants, it experiences such intense natural filtration that its oxygen isotope signatures become similar to those seen in meteorites or other extraterrestrial materials.

"It's a meter-high cylinder with a million holes in it, equally spaced. It's an engineering marvel," Sharp said. "You couldn't create anything like this in a laboratory."

Unusual Isotope Behavior Reveals a New Climate Tool

The team's results help clarify long-standing puzzles involving oxygen isotope measurements in desert plants and introduce a valuable method for reconstructing climate in dry regions.

Oxygen isotopes function as tracers, allowing scientists to learn about water sources, plant transpiration, and atmospheric moisture. Heavier isotopes are rare, which makes it challenging to predict how their ratios shift under real environmental conditions.

To investigate this process, Sharp's group collected smooth horsetails (Equisetum laevigatum) along the Rio Grande in New Mexico. They tracked how oxygen isotope values changed from the lower sections of the plants to the upper portions. The highest samples produced extreme readings that previously appeared to fall outside any known Earth-based range.




Meteorite-Like Signatures Draw Global Attention

Sharp presented the work at the Goldschmidt Geochemistry Conference in Prague this past July.

"If I found this sample, I would say this is from a meteorite," Sharp said during the conference. "But in fact, these values do go down to these crazy low levels."

The newly collected data allowed the researchers to update their models, helping explain unusual isotope results found in other desert species. Sharp believes these refined models could also help scientists better understand ancient climate behavior.

Fossil Records Preserve Humidity From the Age of Dinosaurs

Fossil horsetails, which once grew up to 30 meters tall, contain tiny silica particles called phytoliths. These structures may retain isotope signatures for millions of years. According to Sharp, the phytoliths work as a "paleo-hygrometer," or a way to measure ancient humidity.

"We can now begin to reconstruct the humidity and climate conditions of environments going back to when dinosaurs roamed the Earth," he said.

This research expands UNM's contributions to the geosciences and highlights horsetails, some of the planet's oldest surviving plants, as unexpected yet powerful record keepers of Earth's climate history.
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New Neanderthal footprints in Portugal reveal a life we never expected | ScienceDaily
An international team of researchers has identified a previously unknown Neanderthal site on the southern edge of the Iberian Peninsula, located along Portugal's Algarve coast. The findings, published in the journal Scientific Reports by Nature Publishing Group, describe the earliest evidence of Neanderthal hominids in Portugal. This discovery marks an important step forward in understanding how early humans occupied the Atlantic coastline of the Iberian Peninsula during the Pleistocene.


						
The project is directed by Carlos Neto de Carvalho, a geologist and palaeontologist at IDL-University of Lisbon and scientific coordinator of the Naturtejo UNESCO Global Geopark, with contributions from Fernando Muniz Guinea, a professor in the Department of Crystallography, Mineralogy and Agricultural Chemistry at the University of Seville. Researchers from institutions in Portugal, Spain, Gibraltar, Italy, Denmark and China also took part. Neto de Carvalho and Muniz describe the work as an "interdisciplinary study on the ecological and behavioral analysis of the fossilized footprint record in southern Portugal."

Early Neanderthal footprints discovered on the Algarve coast

The earliest Neanderthal footprints known from Portugal were found in two Algarve locations: Praia do Monte Clerigo, where the geological layers date to about 78,000 years ago, and Praia do Telheiro, dated to roughly 82,000 years. At Monte Clerigo, researchers identified 5 trackways and 26 individual footprints created by adults and by children slightly over a year old on the slope of what was once a coastal dune. Praia do Telheiro revealed a single footprint attributed to either a teenager or an adult woman, found near fossilized bird tracks that are typical of rocky and coastal habitats.

Why footprints offer unique scientific insight

Neanderthal footprints preserve information that other archaeological remains, such as bones or tools, often cannot provide. Imprinted in sediments or sedimentary rock, they record a specific moment of activity and confirm the exact location where an individual stood or moved. Artifacts, in contrast, may be displaced or left behind long after their original use.

"Footprints record a specific moment, almost instantaneously, allowing us to reconstruct what was happening; for example, a group walk, a chase, a flight, or presence in a particular landscape. The footprints show how Neanderthals used space, how they explored coastal environments, forests, dunes or riverbanks, something that is difficult to infer solely from artifacts," explain Neto de Carvalho and Muniz.




Reconstructing group behavior, movement and social structure

By studying the size and arrangement of the footprints, researchers can estimate how many individuals were present, the range of ages represented (children, adolescents, adults) and even potential task division within the group (e.g. a hunting party). Footprints left by infants and very young children, which are typically rare in the archaeological record, add valuable information about family groups and social organization. As the authors note, "footprints offer a unique and dynamic window into everyday behavior: a snapshot of life tens of thousands of years ago."

The trackways also show how Neanderthals moved through different types of terrain, revealing decisions about route selection, proximity to their base camp and possible hunting strategies. In one case, human footprints appear alongside deer tracks created at the same time, supporting the idea of pursuit or ambush activity within the dune environment.

Insights into Neanderthal diet along the Iberian coast

In addition to the footprint analysis, the researchers used ecological network analysis based on mathematical network theory to compare data from this site with other coastal archaeological locations in the Iberian Peninsula. These comparisons show that the Neanderthal diet in these regions relied heavily on deer, horses and hares, along with marine and coastal foods, pointing to a wide-ranging and adaptable approach to gathering resources.

These results reveal that Neanderthals living along the Atlantic coast were more flexible and environmentally skilled than previously understood. The study offers a detailed look at their mobility, behavior and social interactions, highlighting a level of ecological and cognitive adaptability that adds new depth to the story of Neanderthal life.
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Astronomers stunned by three Earth-sized planets orbiting two suns | ScienceDaily
An international group of scientists has confirmed the discovery of three Earth-sized planets within the binary stellar system known as TOI-2267, located roughly 190 light-years from Earth. The finding, published in Astronomy & Astrophysics, offers new insight into how planets can form and remain stable in double-star systems, which were once thought too chaotic for complex planetary development.


						
"Our analysis shows a unique planetary arrangement: two planets are transiting one star, and the third is transiting its companion star," explains Sebastian Zuniga-Fernandez, a researcher at the University of Liege (ULiege) and first author of the paper. "This makes TOI-2267 the first binary system known to host transiting planets around both of its stars."

A Compact and Unusual Double-Star System

TOI-2267 consists of two stars locked in a close orbital dance, forming what astronomers call a compact binary system. Such systems create gravitational forces that typically disrupt planet formation. Despite this, researchers have detected three Earth-sized planets in tight orbits, a surprising outcome that challenges long-held theories about where rocky worlds can exist.

"Our discovery breaks several records, as it is the most compact and coldest pair of stars with planets known, and it is also the first in which planets have been recorded transiting around both components," says Francisco J. Pozuelos, a co-leader of the study and researcher at the Instituto de Astrofisica de Andalucia (IAA-CSIC).

Combining Space and Ground Observations

NASA's TESS space telescope first provided the data leading to this discovery. Two of the planets were initially identified by astronomers at ULiege and IAA-CSIC using their custom software tool, SHERLOCK. This early detection prompted ground-based observations to confirm the findings.




The confirmation process required a major effort involving several observatories. Among the most important were the SPECULOOS and TRAPPIST telescopes operated by ULiege (PI: Michael Gillon). Designed to detect small exoplanets around cool, dim stars, these robotic instruments were vital for verifying the planets and studying their characteristics in detail.

A Natural Testbed for Planet Formation

"Discovering three Earth-sized planets in such a compact binary system is a unique opportunity," says Zuniga-Fernandez. "It allows us to test the limits of planet formation models in complex environments and to better understand the diversity of possible planetary architectures in our galaxy."

Pozuelos adds, "This system is a true natural laboratory for understanding how rocky planets can emerge and survive under extreme dynamical conditions, where we previously thought their stability would be compromised."

Looking Ahead to Future Exploration

The discovery opens up new questions about how planets form and persist in binary systems. Upcoming observations with the James Webb Space Telescope (JWST) and next-generation ground-based observatories could reveal more details, such as the planets' masses, densities, and even their atmospheric compositions.

Beyond its scientific importance, the finding underscores the value of combining data from space-based observatories like TESS with precise ground-based instruments such as SPECULOOS and TRAPPIST. Together, they continue to expand our understanding of how planetary systems form and evolve across the galaxy.
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NASA's Webb finds life's building blocks frozen in a galaxy next door | ScienceDaily
In a finding that could change how scientists understand the spread of life's ingredients across space, astronomers have detected large organic molecules frozen in ice around a forming star called ST6 in a galaxy beyond the Milky Way.


						
Using the James Webb Space Telescope's (JWST) Mid-Infrared Instrument (MIRI), the research team identified five carbon-based compounds in the Large Magellanic Cloud, our closest neighboring galaxy. The study, led by University of Maryland and NASA scientist Marta Sewilo, was published in the Astrophysical Journal Letters on October 20, 2025.

Detecting Life's Chemical Ingredients in Alien Ice

Sewilo's group found five complex organic molecules (COMs) within the ice surrounding the young protostar. These included methanol and ethanol (both types of alcohol), methyl formate and acetaldehyde (industrial chemicals on Earth), and acetic acid (the main ingredient in vinegar). One of the compounds, acetic acid, had never before been definitively observed in space ice, while the others -- ethanol, methyl formate, and acetaldehyde -- were detected in ices outside the Milky Way for the first time.

The team also spotted signs of glycolaldehyde, a sugar-related molecule linked to RNA formation, though further analysis is required to confirm it.

JWST's Sharp Vision Opens a New Window on Cosmic Chemistry

"It's all thanks to JWST's exceptional sensitivity combined with high angular resolution that we're able to detect these faint spectral features associated with ices around such a distant protostar," Sewilo said. "The spectral resolution of JWST is sufficiently high to allow for reliable identifications."

Before the Webb telescope, methanol was the only complex organic molecule ever confirmed in ice around protostars -- even within our own galaxy. According to Sewilo, the extraordinary precision of the new data allowed her team to extract an unprecedented amount of information from a single spectrum.




A Harsh Galaxy as a Laboratory for Life's Origins

The discovery is especially striking because of where the molecules were found. The Large Magellanic Cloud, located about 160,000 light-years from Earth, is an ideal environment for studying how stars form in conditions resembling those of the early universe. This small galaxy has only about one-third to one-half the heavy elements (those with atomic numbers greater than helium) of our solar system and endures far more intense ultraviolet radiation.

"The low metallicity environment, meaning the reduced abundance of elements heavier than hydrogen and helium, is interesting because it's similar to galaxies at earlier cosmological epochs," Sewilo explained. "What we learn in the Large Magellanic Cloud, we can apply to understanding these more distant galaxies from when the universe was much younger. The harsh conditions tell us more about how complex organic chemistry can occur in these primitive environments where much fewer heavy elements like carbon, nitrogen and oxygen are available for chemical reactions."

How Complex Molecules Form on Cosmic Dust

Study co-author Will Rocha of Leiden University in the Netherlands noted that COMs can form in both the gas phase and in icy layers coating interstellar dust grains. Once formed, these ices can later release their molecules back into the gas. Methanol and methyl formate had already been observed in the gas phase within the Large Magellanic Cloud, but this is the first evidence that such molecules are also forming in the solid ice itself.

"Our detection of COMs in ices supports these results," Rocha said. "The detection of icy COMs in the Large Magellanic Cloud provides evidence that these reactions can produce them effectively in a much harsher environment than in the solar neighborhood."

Life's Ingredients May Have Formed Early in the Universe




The presence of these complex molecules in a low-metallicity environment similar to those found in the early universe suggests that the building blocks of life may have begun forming much earlier -- and in a wider range of conditions -- than scientists once thought.

While this discovery does not prove that life exists elsewhere, it indicates that organic compounds can endure through the process of planetary formation and potentially be incorporated into young planets, creating conditions where life might one day emerge.

Expanding the Search for Cosmic Chemistry

Sewilo and her collaborators plan to extend their work by examining more protostars in both the Large and Small Magellanic Clouds to explore how widespread these molecules may be.

"We currently only have one source in the Large Magellanic Cloud and only four sources with detection of these complex organic molecules in ices in the Milky Way. We need larger samples from both to confirm our initial results that indicate differences in COM abundances between these two galaxies," Sewilo said. "But with this discovery, we've made significant advancements in understanding how complex chemistry emerges in the universe and opening new possibilities for research into how life came to be."
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Scientists just found a material that beats diamond at its own game | ScienceDaily
Researchers at the University of Houston have achieved a major scientific milestone in the study of heat transfer. Their new findings overturn long-standing assumptions about thermal conductivity and reveal that boron arsenide (BAs) can conduct heat more effectively than diamond, which has long been considered the benchmark among isotropic materials.


						
The research team discovered that when BAs crystals are produced with exceptional purity, they can reach thermal conductivity values greater than 2,100 watts per meter per Kelvin (W/mK) at room temperature -- possibly surpassing diamond itself.

Published in Materials Today, the study challenges existing theoretical models and could reshape how scientists think about heat movement through solid materials. The results also point to a promising new semiconductor option for devices that demand advanced thermal management, including smartphones, high-power electronics, and data centers.

"We trust our measurement; our data is correct and that means the theory needs correction," said Zhifeng Ren, corresponding author and a professor of physics in UH's College of Natural Sciences and Mathematics. "I'm not saying the theory is wrong, but an adjustment needs to be made to be consistent with the experimental data."

Breaking Through Long-Held Limits

The discovery emerged from a collaboration among the University of Houston's Texas Center for Superconductivity (directed by Ren), the University of California, Santa Barbara, and Boston College.

For more than a decade, boron arsenide has intrigued scientists. In 2013, Boston College physicist and study co-author David Broido and colleagues predicted that BAs could theoretically conduct heat as efficiently -- or even better -- than diamond. However, revised models in 2017 added a complex factor known as four-phonon scattering, which reduced predicted performance to around 1,360 W/mK. This caused many in the field to abandon the idea that BAs could exceed diamond's conductivity.




Ren's group, however, suspected the problem wasn't the material's intrinsic ability but the impurities within it. Earlier experimental samples contained defects that limited performance to about 1,300 W/mK, well below the ideal conditions used in theoretical predictions.

Cleaner Crystals, Record-Breaking Results

By refining raw arsenic and developing improved synthesis methods, the UH-led team created boron arsenide crystals with significantly fewer imperfections. When tested, these high-purity samples demonstrated a remarkable thermal conductivity above 2,100 W/mK -- surpassing not only earlier experimental results but also the theoretical ceiling itself.

This achievement confirms that material purity plays a decisive role in heat transfer performance and opens a path toward even more efficient heat-conducting materials.

Why the Discovery Matters

The implications of this breakthrough extend far beyond laboratory measurements. Boron arsenide has the potential to revolutionize electronics and semiconductor technology by providing a material that both dissipates heat effectively and performs as a high-quality semiconductor.




Its advantages include:
    	Easier and more cost-effective manufacturing compared to diamond, without the need for extreme temperature or pressure.
    	Exceptional thermal conductivity combined with efficient semiconductor behavior.
    	Potentially superior electronic performance compared to silicon due to its high carrier mobility, wide band gap, and well-matched coefficient of thermal expansion.

"This new material, it's so wonderful," Ren said. "It has the best properties of a good semiconductor, and a good thermal conductor -- all sorts of good properties in one material. That has never happened in other semiconducting materials."

Looking Forward: Pushing the Boundaries of Physics

Although this discovery marks a new frontier, the work is ongoing. Researchers at the Texas Center for Superconductivity plan to continue refining their methods, aiming to enhance boron arsenide's performance even further.

The study is part of a $2.8 million National Science Foundation project led by Bolin Liao at UC Santa Barbara, with contributions from the University of Houston, the University of Notre Dame, and UC Irvine. The research also receives partial support from industrial partner Qorvo.

Ren encourages scientists to revisit existing models and challenge theoretical assumptions that may have underestimated materials like BAs.

"You shouldn't let a theory prevent you from discovering something even bigger, and this exactly happened in this work," Ren said.
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A 540-million-year-old fossil is rewriting evolution | ScienceDaily
Recently, Halloween may have brought thoughts of skeletons, but the true "skeleton age" began long ago during the early Cambrian Period, roughly 538 to 506 million years ago.


						
During this transformative era, many of Earth's major animal groups independently figured out how to create mineralized skeletons or shells. They typically did this in one of two ways: either by building mineral tissues on an organic framework (similar to how humans form bones and teeth) or by collecting minerals from their surroundings and binding them together into a hardened outer covering.

These construction strategies proved remarkably successful, persisting for more than half a billion years with little need for change.

A Fossil That Broke the Rules

Among the many Cambrian creatures, one stood out for doing things differently. Fossil evidence of Salterella -- a small, cone-shaped organism abundant in early Cambrian rocks -- reveals an unusual approach to skeleton building. So distinctive is this fossil that paleontologists often use it as an index fossil to determine the age of rock layers.

Unlike most of its contemporaries, Salterella didn't choose just one method for making its shell. It first built a conical outer structure and then filled the inner cavity with carefully selected mineral grains, creating a second layer inside the shell. This kind of double construction is almost unheard of among ancient animals.

"It makes Salterella difficult to place on the tree of life," explained Prescott Vayda, a geosciences graduate student who led a recent study on the mysterious fossil published in the Journal of Paleontology.




The Long Search for Salterella's True Home

Over the years, scientists have struggled to determine where Salterella fits in the evolutionary story. It was first grouped with squids and octopuses, then with sea slugs, jellyfish ancestors, and even worms. Eventually, in the 1970s, researchers gave up trying to fit it neatly into an existing category and created a new one for Salterella and a related fossil called Volborthella.

And there, for decades, the two remained -- isolated and misunderstood.

That began to change when Vayda and University Distinguished Professor Shuhai Xiao set out to find new connections.

"Finding the right place for these fossils is important for our understanding of how animals evolved skeletons and shells," said Vayda.

Fossil Clues from Across Continents

Vayda spent four years gathering Salterella samples from sites as far-flung as Death Valley, the Yukon in Canada, and Wythe County, Virginia. Collaborating with researchers at Virginia Tech, Johns Hopkins University, Dartmouth College, the University of Missouri, and the Denver Museum of Nature and Science, he analyzed the fossils' shapes, mineral makeup, and crystal structures to better understand their biology and origins.




What he found was that Salterella may have been small, but it was picky about its materials. It avoided clay minerals entirely, tolerated quartz, but seemed to prefer titanium-rich grains -- an impressively strong choice for an ancient organism.

No clays, for instance, ew. Quartz was acceptable, but not ideal. Titanium was choice, of course. Who wouldn't like a Titanium skeleton?

Reconstructing an Ancient Builder

The range of minerals used suggested that Salterella's inner structure served a purpose beyond mere protection. Researchers suspect the added minerals may have helped stabilize the shell or aided in feeding. The fossil evidence also hints that the animal may have possessed small appendages for picking up and arranging mineral grains.

"We're starting to get an image of their biology and where they fit in the larger web of life," said Vayda.

After examining their form, habitat, and shell structure, the team concluded that Salterella and Volborthella most likely belonged to the cnidarian group -- relatives of modern corals, jellyfish, and sea anemones.

Rediscovering a Lost Link in Evolution

Reconnecting this long-misunderstood branch of evolutionary history provides new insights into how early animals began forming shells and skeletons. These findings add another piece to the puzzle of life's earliest innovations and help clarify how complex body structures evolved on Earth.

And for Vayda, the motivation behind the work runs deeper: it's about "truly learning where we come from and the history of life on Earth, which is an amazing and beautiful thing."
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Earth is slowly peeling its continents from below, fueling ocean volcanoes | ScienceDaily
Earth scientists have uncovered a slow and surprising process beneath our planet's surface that helps fuel volcanic activity in the oceans.


						
Researchers from the University of Southampton found that fragments of continents are gradually stripped away from below and drawn into the oceanic mantle -- the hot, mostly solid layer beneath the sea floor that slowly circulates. Once there, this continental material can power volcanic eruptions for tens of millions of years.

This discovery resolves a long-standing geological puzzle: why certain ocean islands located far from tectonic plate boundaries contain chemical signatures that look distinctly continental, even though they lie in the middle of vast oceans.

The study, published in Nature Geoscience, was conducted by an international team from the University of Southampton, GFZ Helmholtz Centre for Geosciences in Potsdam, the University of Potsdam, Queen's University (Canada), and Swansea University.

Ancient chemical clues deep within the mantle

Ocean islands such as Christmas Island in the northeast Indian Ocean often contain unusually high concentrations of certain "enriched" elements that typically come from continents. Scientists have compared this mixing process to the motion of a cake mixer folding in older, recycled ingredients from deep within the Earth.

For years, geologists assumed these enriched elements came from ocean sediments pulled into the mantle when tectonic plates sink, or from columns of rising hot rock known as mantle plumes.




However, those explanations have limits. Some volcanic regions lack evidence of recycled crust, while others seem too shallow and cool to be driven by deep mantle plumes.

"We've known for decades that parts of the mantle beneath the oceans look strangely contaminated, as if pieces of ancient continents somehow ended up in there," said Thomas Gernon, Professor of Earth Science at the University of Southampton and the study's lead author. "But we haven't been able to adequately explain how all that continental material got there."

Continents are peeling from below

The researchers propose a new mechanism: continents not only split apart at the surface but also peel away from below, and across far greater distances than scientists once believed possible.

To test this, the team built computer simulations that recreated how the mantle and continental crust behave when stretched by tectonic forces.

Their results show that when continents begin to break apart, powerful stresses deep within the Earth trigger a slow-moving "mantle wave." This rolling motion travels along the base of the continents at depths of 150 to 200 kilometers, disturbing and gradually stripping material from their deep roots.




The process happens at an incredibly slow rate -- roughly a millionth the speed of a snail. Over time, these detached fragments are carried sideways for more than 1,000 kilometers into the oceanic mantle, where they feed volcanic activity for tens of millions of years.

Study co-author Professor Sascha Brune of GFZ in Potsdam explained, "We found that the mantle is still feeling the effects of continental breakup long after the continents themselves have separated. The system doesn't switch off when a new ocean basin forms -- the mantle keeps moving, reorganizing, and transporting enriched material far from where it originated."

Clues from the Indian Ocean

To support their model, the team analyzed chemical and geological data from regions such as the Indian Ocean Seamount Province -- a chain of volcanic formations that appeared after the breakup of the supercontinent Gondwana over 100 million years ago.

Their findings show that soon after Gondwana split apart, a pulse of magma unusually rich in continental material erupted to the surface. Over time, this chemical signature gradually faded as the flow of material from beneath the continents diminished. Notably, this happened without the presence of a deep mantle plume, challenging long-held assumptions about the source of such volcanism.

Professor Gernon added: "We're not ruling out mantle plumes, but this discovery points to a completely new mechanism that also shapes the composition of the Earth's mantle. Mantle waves can carry blobs of continental material far into the oceanic mantle, leaving behind a chemical signature that endures long after the continents have broken apart."

The research also builds on the team's earlier work showing that these slow, rolling mantle waves can have dramatic effects deep inside continents. Their previous studies suggest that such waves may help trigger diamond eruptions and even reshape landscapes thousands of kilometers away from tectonic boundaries.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251112011806.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists shocked as bumblebees learn to read simple "Morse code" | ScienceDaily
Researchers at Queen Mary University of London have discovered that an insect, the bumblebee Bombus terrestris, can choose where to gather food by recognizing how long a visual signal lasts.


						
In Morse code, short flashes or "dots" stand for the letter "E," while longer flashes or "dashes" represent the letter "T." Until now, only humans and a few other vertebrates, including pigeons and macaques, were known to distinguish between these two durations.

Training Bees to Recognize Light Durations

PhD student Alex Davidson and his supervisor, Dr. Elisabetta Versace, Senior Lecturer in Psychology at Queen Mary, led the research team. They designed a special maze to test whether bees could link different light durations to rewards. Each bee was trained to find a sugar treat at one of two flashing circles, which either emitted a short flash ("dot") or a long flash ("dash"). When the short flash led to a sugar reward, the longer flash indicated a bitter substance that bees prefer to avoid.

To ensure the bees were using timing rather than location, the researchers changed the positions of the two flashing circles in each section of the maze. Once the bees consistently flew toward the light associated with sugar, the team removed the sugar to see if the insects would still choose based on flash duration instead of scent or other cues.

Bees Learn Through Timing, Not Position

The results showed that most bees went directly to the light with the duration previously linked to sugar, regardless of where it was positioned. This confirmed that the bees had learned to differentiate between short and long flashes of light.




Alex Davidson said: "We wanted to find out if bumblebees could learn the difference between these different durations, and it was so exciting to see them do it."

Time Perception in Tiny Brains

"Since bees don't encounter flashing stimuli in their natural environment, it's remarkable that they could succeed at this task," Davidson added. "The fact that they could track the duration of visual stimuli might suggest an extension of a time processing capacity that has evolved for different purposes, such as keeping track of movement in space or communication."

"Alternatively, this surprising ability to encode and process time duration might be a fundamental component of the nervous system that is intrinsic in the properties of neurons. Only further research will be able to address this issue."

Exploring the Biology of Timekeeping

Scientists still know little about how bees or other animals measure short durations of time. The known systems that regulate daily cycles (circadian rhythms) or seasonal patterns operate too slowly to explain this precise timing ability for flashes that differ by fractions of a second.

Some theories propose that animals may have one or more internal clocks operating at different scales. Now that this ability has been demonstrated in insects, researchers can test how such timing mechanisms function in miniature brains that are smaller than a cubic millimeter.

What This Means for Understanding Intelligence

Dr. Versace explained: "Many complex animal behaviors, such as navigation and communication, depend on time processing abilities. It will be important to use a broad comparative approach across different species, including insects, to shed light on the evolution of those abilities. Processing durations in insects is evidence of a complex task solution using minimal neural substrate. This has implications for complex cognitive-like traits in artificial neural networks, which should seek to be as efficient as possible to be scalable, taking inspiration from biological intelligence."
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What brain scans reveal about soccer fans' passion and rage | ScienceDaily
Researchers studying the brains of soccer fans found that certain areas of the brain light up when people watch matches featuring their favorite team. These neural circuits trigger strong emotional reactions -- both positive and negative -- depending on how the game unfolds. The findings, published in Radiology (a journal of the Radiological Society of North America, RSNA), suggest that the same brain mechanisms that drive sports passion could also underlie other forms of fanaticism. According to the authors, these emotional circuits begin forming early in life.


						
Soccer's worldwide following makes it an ideal model for studying social identity and emotional processing. Fans display a wide range of behaviors, from casual support to intense, deeply personal involvement with their teams. Rivalries, which have long been part of sports history, can evoke fierce loyalty and emotional extremes. Fans often experience joy when their team scores and anger or frustration at losses or poor referee calls. These deep attachments, particularly common in Europe and South America, make soccer fandom a valuable case study for understanding how group identity shapes emotion and behavior.

Exploring the Neuroscience of Fanaticism

"Soccer fandom provides a high-ecological-validity model of fanaticism with quantifiable life consequences for health and collective behavior," said lead author Francisco Zamorano, biologist, Ph.D. in medical sciences at Clinica Alemana de Santiago and associate professor at Facultad de Ciencias para el Cuidado de la Salud, Universidad San Sebastian, Santiago, Chile. "While social affiliation has been widely studied, the neurobiological mechanisms of social identity in competitive settings are unclear, so we set out to investigate the brain mechanisms associated with emotional responses in soccer fans to their teams' victories and losses."

The research team used functional MRI (fMRI) -- a method that measures brain activity by tracking changes in blood flow -- to scan 60 healthy male soccer fans (ages 20-45) who supported two historically rival teams. Participants completed the Football Supporters Fanaticism Scale, a 13-item questionnaire measuring two aspects of fandom: "Inclination to Violence" and "Sense of Belongingness."

During the scans, participants watched 63 goal clips featuring their own team, their rival, or a neutral team. The researchers then compared brain responses when a fan's team scored against a rival (a significant victory) with responses when the rival scored against them (a significant defeat). Control conditions were used for goals involving non-rival teams.

How the Brain Reacts to Victory and Defeat

The results showed that brain activity shifted dramatically depending on whether the participant's team succeeded or failed.




"Rivalry rapidly reconfigures the brain's valuation-control balance within seconds," Dr. Zamorano said. "With significant victory, the reward circuitry in the brain is amplified relative to non-rival wins, whereas in significant defeat the dorsal anterior cingulate cortex (dACC) -- which plays an important role in cognitive control -- shows paradoxical suppression of control signals."

Paradoxical suppression occurs when an effort to restrain a thought, feeling, or behavior produces the opposite effect, intensifying rather than diminishing it.

When Emotion Overpowers Control

The scans revealed higher activity in the brain's reward regions when a participant's team scored against a rival compared to non-rival matches. This suggests that rivalry strengthens in-group bonds and reinforces social identity. Dr. Zamorano noted that the effect was strongest among the most devoted fans, whose self-regulatory systems temporarily failed when their team identity felt threatened -- explaining why some fans may react impulsively during high-stakes moments.

"Clinically, the pattern implies a state-dependent vulnerability whereby a brief cooling-off or removal from triggers might permit the dACC/salience control system to recover," he explained. "The same neural signature -- reward up, control down under rivalry -- likely generalizes beyond sport to political and sectarian conflicts."

From Sports Passion to Social Polarization

According to Dr. Zamorano, understanding these brain mechanisms could inform communication strategies, crowd management, and prevention efforts at emotionally charged events.




"Studying fanaticism matters because it reveals generalizable neural mechanisms that can scale from stadium passion to polarization, violence and population-level public-health harm," he said. "Most importantly, these very circuits are forged in early life: caregiving quality, stress exposure, and social learning sculpt the valuation-control balance that later makes individuals vulnerable to fanatic appeals. Therefore, protecting childhood is the most powerful prevention strategy. Societies that neglect early development do not avoid fanaticism; they inherit its harms."

Beyond the Stadium: Lessons for Society

The study's authors emphasize that soccer fandom offers an ethical, controlled way to study these neural processes and test strategies that could apply to broader social issues -- including political division, sectarian conflict, and online tribalism.

Dr. Zamorano added that this research carries urgency amid today's global tensions and political polarization. He pointed to the January 6, 2021, U.S. Capitol assault as an example of how intense group identity can override democratic norms when cognitive control breaks down.

"The participants showed classic signs of compromised cognitive control, exactly what our study found in the reduced dACC activation," he said. "In short, investigating fanaticism is not merely descriptive -- it is developmentally informed prevention that protects public health and strengthens democratic cohesion. When we discuss fanaticism, the facts speak for themselves."
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Brain-like learning found in bacterial nanopores | ScienceDaily
Pore-forming proteins are widespread across living organisms. In humans, they are essential for immune defense, while in bacteria they often act as toxins that puncture cell membranes. These microscopic pores allow ions and molecules to move through membranes, controlling molecular traffic within cells. Because of their precision and control, scientists have adapted them as nanopore tools for biotechnology, such as in DNA sequencing and molecular sensing.


						
Although biological nanopores have revolutionized biotechnology, they can behave in complex and sometimes erratic ways. Researchers still lack a complete understanding of how ions travel through them or why ion flow occasionally stops altogether.

Two particularly puzzling behaviors have long intrigued scientists: rectification and gating. Rectification occurs when the flow of ions changes depending on the "sign" (plus or minus -- positive or negative) of the voltage applied. Gating happens when the ion flow suddenly decreases or stops. These effects, especially gating, can disrupt nanopore-based sensing and have remained difficult to explain.

A research team led by Matteo Dal Peraro and Aleksandra Radenovic at EPFL has now identified the physical mechanisms behind these two effects. Using a combination of experiments, simulations, and theoretical modeling, they found that both rectification and gating arise from the nanopore's own electrical charges and the way those charges interact with the ions moving through the pore.

Experimenting With Electric Charges

The team studied aerolysin, a bacterial pore commonly used in sensing research. They modified the charged amino acids lining its interior to create 26 nanopore variants, each with a distinct charge pattern. By observing how ions traveled through these modified pores under different conditions, they were able to isolate key electrical and structural factors.

To better understand how these effects evolve over time, the scientists applied alternating voltage signals to the nanopores. This approach allowed them to distinguish rectification, which occurs quickly, from gating, which develops more slowly. They then built biophysical models to interpret their data and reveal the mechanisms at work.




How Nanopores Learn Like the Brain

The researchers discovered that rectification happens because of how the charges along the inner surface influence ion movement, making it easier for ions to flow in one direction than the other, similar to a one-way valve. Gating, in contrast, occurs when a heavy ion flow disrupts the charge balance and destabilizes the pore's structure. This temporary collapse blocks ion passage until the system resets.

Both effects depend on the exact placement and type of electrical charge within the nanopore. By reversing the charge "sign," the team could control when and how gating occurred. When they increased the pore's rigidity, gating stopped completely, confirming that structural flexibility is key to this phenomenon.

Toward Smarter Nanopores

These findings open new possibilities for engineering biological nanopores with custom properties. Scientists can now design pores that minimize unwanted gating for applications in nanopore sensing, or deliberately use gating for bio-inspired computing. In one demonstration, the team created a nanopore that mimics synaptic plasticity, "learning" from voltage pulses much like a neural synapse. This discovery suggests that future ion-based processors could one day harness such molecular "learning" to power new forms of computing.
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AI revives lost 3,000-year-old Babylonian hymn | ScienceDaily
A long-lost hymn of praise dating back to around 1000 BCE has been identified through modern technology. Professor Enrique Jimenez of LMU uncovered the text and linked it to 30 additional manuscripts using artificial intelligence.


						
Working in partnership with the University of Baghdad, Professor Jimenez rediscovered a Babylonian text that had remained hidden for more than a millennium. "It's a fascinating hymn that describes Babylon in all its majesty and gives insights into the lives of its inhabitants, male and female," he explained. Founded around 2000 BCE in Mesopotamia, Babylon grew into the largest city of its time and became a thriving center of culture and scholarship. Many of its writings remain cornerstones of the world's literary heritage.

Preserving Babylon's Written Legacy

Babylonian works were inscribed in cuneiform on clay tablets, many of which have survived only in fragments. One of the key goals of the LMU-Baghdad collaboration is to decipher hundreds of cuneiform tablets from the renowned Sippar Library and ensure their preservation. According to legend, Noah concealed these tablets there before the flood.

Through the Electronic Babylonian Library Platform, Jimenez and his team are digitally archiving all known cuneiform fragments from around the world. Artificial intelligence helps match pieces that belong together, revealing connections long missed by scholars. "Using our AI-supported platform, we managed to identify 30 other manuscripts that belong to the rediscovered hymn -- a process that would formerly have taken decades," said Jimenez, who teaches at LMU's Institute of Assyriology. The additional fragments made it possible to fully reconstruct the hymn, including sections that were previously incomplete.

Insights Into Babylonian Society and Daily Life

The discovery of so many copies suggests that the hymn was widely known in its time. "The hymn was copied by children at school. It's unusual that such a popular text in its day was unknown to us before now," noted Jimenez. The poem, dating from the early first millennium BCE, contains around 250 lines.

"It was written by a Babylonian who wanted to praise his city. The author describes the buildings in the city, but also how the waters of the Euphrates bring the spring and green the fields. This is all the more spectacular as surviving Mesopotamian literature is sparing in its descriptions of natural phenomena," said Jimenez. The text also sheds light on women's roles in Babylon, including priestly duties that were previously undocumented. Moreover, the hymn portrays a society that valued respect and hospitality toward foreigners -- an aspect rarely detailed in ancient literature.

A Legacy Preserved in Stone and Song

Today, the ruins of Babylon lie about 85 kilometers south of Baghdad, Iraq. Recognized as a UNESCO World Heritage Site, the city's remnants continue to tell stories of a civilization whose voice, after 3,000 years, can once again be heard.
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Entangled spins give diamonds a quantum advantage | ScienceDaily
The quest to create useful quantum technologies begins with a deep understanding of the strange laws that govern quantum behavior and how those principles can be applied to real materials. At the University of California, Santa Barbara, physicist Ania Jayich, Bruker Endowed Chair in Science and Engineering, Elings Chair in Quantum Science, and co-director of the NSF Quantum Foundry, leads a lab where the key material is laboratory-grown diamond.


						
Working at the intersection of quantum physics and materials science, Jayich and her team study how precise atomic-scale imperfections in diamond -- known as spin qubits -- can be engineered for advanced quantum sensing. Among the group's standout researchers, Lillian Hughes, who recently completed her Ph.D. and is heading to Caltech for postdoctoral work, made a major breakthrough in this field.

Through three co-authored papers -- one in PRX in March and two in Nature in October -- Hughes demonstrated for the first time that not just individual qubits but two-dimensional ensembles of many quantum defects can be organized and entangled inside diamond. This achievement marks a milestone toward solid-state systems that deliver a measurable quantum advantage in sensing, opening a new path for the next generation of quantum devices.

Engineering Quantum Defects in Diamond

"We can create a configuration of nitrogen-vacancy (NV) center spins in the diamonds with control over their density and dimensionality, such that they are densely packed and depth-confined into a 2D layer," Hughes explained. "And because we can design how the defects are oriented, we can engineer them to exhibit non-zero dipolar interactions." This accomplishment formed the basis of the PRX study, "A strongly interacting, two-dimensional, dipolar spin ensemble in (111)-oriented diamond."

An NV center consists of a nitrogen atom replacing a carbon atom and an adjacent vacancy where a carbon atom is missing. "The NV center defect has a few properties, one of which is a degree of freedom called a spin -- a fundamentally quantum mechanical concept. In the case of the NV center, the spin is very long lived," said Jayich. "These long-lived spin states make NV centers useful for quantum sensing. The spin couples to the magnetic field that we're trying to sense."

From MRI to Quantum Sensing

The concept of using spin as a sensor dates back to the development of magnetic resonance imaging (MRI) in the 1970s. Jayich explained that MRI works by controlling the alignment and energy states of protons and detecting the signals they emit as they relax, forming an image of internal structures.




"Previous quantum-sensing experiments conducted in a solid-state system have all made use of single spins or non-interacting spin ensembles," Jayich said. "What's new here is that, because Lillian was able to grow and engineer these very strongly interacting dense spin ensembles, we can actually leverage the collective behavior, which provides an extra quantum advantage, allowing us to use the phenomena of quantum entanglement to get improved signal-to-noise ratios, providing greater sensitivity and making a better measurement possible."

Why Diamond Matters for Quantum Sensors

The type of entanglement-assisted sensing demonstrated by Hughes has been shown before, but only in gas-phase atomic systems. "Ideally, for many target applications, your sensor should be easy to integrate and to bring close to the system under study," Jayich said. "It is much easier to do that with a solid-state material, like diamond, than with gas-phase atomic sensors on which, for instance, GPS is based. Furthermore, atomic sensors require significant auxiliary hardware to confine and control, such as vacuum chambers and numerous lasers, making it hard to bring an atomic sensor within nanometer-scale proximity to a protein, for instance, prohibiting high-spatial-resolution imaging."

Jayich's team is especially focused on using diamond-based quantum sensors to study electronic properties of materials. "You can place material targets into nanometer-scale proximity of a diamond surface, thus bringing them really close to sub-surface NV centers," Jayich explained. "So it's very easy to integrate this type of diamond quantum sensor with a variety of interesting target systems. That's a big reason why this platform is so exciting."

Probing Materials and Biology with Quantum Precision

"A solid-state magnetic sensor of this kind could be very useful for probing, for instance, biological systems," Jayich said. "Nuclear magnetic resonance [NMR] is based on detecting very small magnetic fields coming from the constituent atoms in, for example, biological systems. Such an approach is also useful if you want to understand new materials, whether electronic materials, superconducting materials, or magnetic materials that could be useful for a variety of applications."

Overcoming Quantum Noise




Every measurement has a limit set by noise, which restricts precision. A fundamental form of this noise, called quantum projection noise, sets what's known as the standard quantum limit -- the point beyond which unentangled sensors cannot improve. If scientists can engineer specific interactions between sensors, they can surpass this boundary. One way to do this is through spin squeezing, which correlates quantum states to reduce uncertainty.

"It's as if you were trying to measure something with a meter stick having gradations a centimeter apart; those centimeter-spaced gradations are effectively the amplitude of the noise in your measurement. You would not use such a meter stick to measure the size of an amoeba, which is much smaller than a centimeter," Jayich said. "By squeezing -- silencing the noise -- you effectively use quantum mechanical interactions to 'squish' that meter stick, effectively creating finer gradations and allowing you to measure smaller things more precisely."

Amplifying Quantum Signals

The team's second Nature paper details another strategy for improving measurement: signal amplification. This approach strengthens the signal without increasing noise. In the meter stick analogy, amplifying the signal makes the amoeba appear larger so that even coarse measurement markings can capture it accurately.

Looking ahead, Jayich is confident about applying these principles in real-world systems. "I don't think the foreseen technical challenges will prevent demonstrating a quantum advantage in a useful sensing experiment in the near future," she said. "It's mostly about making the signal amplification stronger or increasing the amount of squeezing. One way to do that is to control the position of the spins in the 2Dxy plane, forming a regular array."

"There's a materials challenge here, in that, because we can't dictate exactly where the spins will incorporate, they incorporate in somewhat random fashion within a plane," Jayich added. "That's something we're working on now, so that eventually we can have a grid of these spins, each placed a specific distance from each other. That would address an outstanding challenge to realizing practical quantum advantage in sensing."
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This 14th century story fooled the world about the Black Death | ScienceDaily
Researchers have traced long-standing myths about the rapid spread of the Black Death across Asia to a single source from the fourteenth century.


						
For centuries, depictions of the plague racing along the Silk Route, devastating cities and towns in its path, have been based on a misunderstanding of a rhyming story rather than a historical record.

The work in question is a "maqama" -- an Arabic literary form that often features a wandering "trickster." Written by the poet and historian Ibn al-Wardi in Aleppo in 1348/9, the piece was later mistaken for an eyewitness account of how the disease traveled across the continent.

A Story Mistaken for Science

Modern genetic evidence suggests that the bacteria responsible for the Black Death most likely originated in Central Asia. Some scientists, influenced by Ibn al-Wardi's narrative, still argue that the plague spread from Kyrgyzstan to the Black and Mediterranean seas in less than ten years, setting off the catastrophic pandemic that swept Western Eurasia and North Africa in the late 1340s. This interpretation, sometimes referred to as the "Quick Transit Theory," rests heavily on taking Ibn al-Wardi's poetic work literally.

The new study challenges this idea, questioning whether it is realistic that the bacterium could have traveled more than 3,000 miles in just a few years and caused such a widespread outbreak between 1347 and 1350.

A Trickster Plague and a Century of Confusion

In his maqama, Ibn al-Wardi personifies the plague as a mischievous wanderer who brings death to one region after another over a 15-year journey. The tale begins beyond China, moves through India, Central Asia, and Persia, and finally reaches the Black Sea, the Mediterranean, Egypt, and the Levant. Because the author later quoted sections of this story in his historical writing, many later readers assumed it was factual.




According to researchers Muhammed Omar, a PhD candidate in Arab and Islamic Studies, and Nahyan Fancy, a historian of Islamic medicine at the University of Exeter, the confusion began in the fifteenth century when Arab chroniclers -- and later European historians -- started to treat the story as a literal account of the Black Death's spread.

The Text at the Center of a Historical Web

Professor Fancy explained: "All roads to the factually incorrect description of the spread of the plague lead back to this one text. It's like it is in the centre of a spider's web of the myths about how the Black Death moved across the region.

"The entire trans-Asian movement of plague and its arrival in Egypt prior to Syria has always been and continues to be based upon Ibn al-Wardi's singular Risala, which is unsubstantiated by other contemporary chronicles and even maqamas. The text was written just to highlight the fact the plague travelled, and tricked people. It should not be taken literally."

The Cultural Role of the Maqama

The maqama genre emerged in the late tenth century and became especially popular from the twelfth century onward. During the fourteenth century, Mamluk writers in the Islamic world particularly valued the style, and many of their works -- including those about the plague -- survive today in libraries around the world. These stories were intended to be performed or read aloud in a single sitting.




Ibn al-Wardi's Risala was one of at least three plague-themed maqamas written in 1348-49. The study highlights how such texts offer insight not into the disease's route, but into how people of the time coped with unimaginable loss and upheaval.

Revisiting Earlier Outbreaks

Recognizing Ibn al-Wardi's work as a fictional composition allows historians to shift focus toward earlier, lesser-known epidemics, such as those that struck Damascus in 1258 and Kaifeng in 1232-33. Scholars can now explore how communities remembered these earlier crises and how such memories influenced later understandings of the Black Death.

Finding Humanity in Historical Crisis

Professor Fancy added: "These writings can help us understand how creativity may have been a way to exercise some control and served as a coping mechanism at this time of widespread death, similar to the way people developed new culinary skills or artistic skills during the Covid-19 pandemic.

"These maqamas may not give us accurate information about the how the Black Death spread. But the texts are phenomenal because they help us see how people at the time were living with this awful crisis."
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Astronomers just solved the mystery of "impossible" black holes | ScienceDaily
An extensive series of computer simulations led by astrophysicists at the Flatiron Institute and their collaborators has revealed that magnetic fields are the missing factor behind the creation of black holes whose masses fall within a range once thought impossible.


						
In 2023, astronomers witnessed a dramatic event: two extraordinarily massive black holes collided roughly 7 billion light-years away. Their immense size and rapid spin defied explanation. According to existing theories, black holes like these simply shouldn't exist.

Researchers from the Flatiron Institute's Center for Computational Astrophysics (CCA) and partner institutions have now uncovered how such cosmic giants might form and eventually collide. By tracing the life cycles of the stars that gave rise to these black holes, the team discovered that magnetic fields -- long overlooked in earlier models -- play a crucial role.

"No one has considered these systems the way we did; previously, astronomers just took a shortcut and neglected the magnetic fields," explains Ore Gottlieb, an astrophysicist at the CCA and lead author of the study, which appears in The Astrophysical Journal Letters. "But once you consider magnetic fields, you can actually explain the origins of this unique event."

The 2023 Collision That Challenged Black Hole Theory

The cosmic crash, now known as GW231123, was detected by the LIGO-Virgo-KAGRA observatories, which measure gravitational waves -- the ripples in space-time produced by massive celestial motions.

At the time of detection, astronomers could not understand how such enormous and fast-spinning black holes had formed. When a massive star exhausts its fuel, it typically collapses and explodes in a supernova, leaving behind a smaller black hole. However, stars within a specific mass range experience an especially violent type of explosion called a pair-instability supernova, which destroys the star completely.




"As a result of these supernovae, we don't expect black holes to form between roughly 70 to 140 times the mass of the sun," Gottlieb says. "So it was puzzling to see black holes with masses inside this gap."

Simulations Reveal a Hidden Force at Work

One possible explanation is that black holes within this "mass gap" form indirectly, through the merger of smaller black holes. But in the case of GW231123, this seemed unlikely. Mergers are typically chaotic, disrupting the spin of the resulting black hole. Yet the two black holes involved in GW231123 were spinning near the speed of light -- the fastest ever observed -- making such a scenario improbable.

To solve the mystery, Gottlieb and his team performed a two-stage simulation. First, they modeled a massive star 250 times the mass of the Sun through its life and death. By the time it exploded as a supernova, it had burned enough fuel to shrink to about 150 solar masses -- just above the theoretical mass gap, leaving behind a black hole.

The next phase introduced magnetic fields into the picture. The model began with the remnants of the supernova: a swirling cloud of stellar debris containing magnetic fields and a newborn black hole at the center. Earlier theories assumed all the remaining material would fall into the black hole, but the new simulations painted a different picture.

How Magnetism Reshapes the Fate of a Collapsing Star

If a collapsing star is not rotating, the surrounding matter falls straight into the black hole. But when a star spins rapidly, that material forms a disk around the black hole, feeding it over time and increasing its spin. Magnetic fields, however, disrupt this process. Their pressure can blast some of the material outward at nearly the speed of light, preventing it from falling in.




This ejection of matter reduces the amount of material the black hole absorbs. The stronger the magnetic fields, the more mass gets expelled. In extreme cases, up to half of the original star's mass can be lost to these outflows. In the team's simulations, this mechanism naturally produced a black hole whose mass fell within the once "forbidden" range.

"We found the presence of rotation and magnetic fields may fundamentally change the post-collapse evolution of the star, making black hole mass potentially significantly lower than the total mass of the collapsing star," Gottlieb says.

Linking Black Hole Mass and Spin

The results point to an intriguing relationship between a black hole's mass and how quickly it spins. Stronger magnetic fields can slow a black hole's rotation and remove more stellar mass, leading to smaller, slower black holes. Weaker fields, on the other hand, allow heavier, faster-spinning ones to form. This pattern could reveal a broader law connecting mass and spin -- a relationship that future observations might confirm.

Currently, no other known black hole systems can test this connection, but astronomers hope upcoming detections will uncover more examples like GW231123.

Bursts of Light From the Darkest Events

The simulations also predict that these magnetic processes produce bursts of gamma rays during black hole formation. Detecting such gamma-ray flashes could help confirm the theory and show how common these massive black holes really are.

If verified, these findings would not only explain an "impossible" collision but also reshape how scientists understand one of the universe's most extreme and fascinating objects.
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Scientists uncover a hidden universal law limiting life's growth | ScienceDaily
A team of researchers, including a scientist from the Earth-Life Science Institute (ELSI) at the Institute of Science Tokyo in Japan, has identified a new principle in biology that mathematically explains why the growth of living organisms slows down when nutrients become plentiful. This well-known phenomenon is referred to as the "law of diminishing returns."


						
How organisms grow in response to changing nutrient conditions has long been one of biology's central questions. Across all forms of life -- from microbes to plants and animals -- growth depends on access to nutrients, energy, and the internal machinery of cells. Although scientists have studied how these factors affect growth, most research has focused on individual nutrients or specific biochemical pathways. What has remained unclear is how all these interconnected processes within a cell work together to control growth when resources are limited.

A Global Principle That Unites Living Systems

To explore this mystery, ELSI's Specially Appointed Associate Professor Tetsuhiro S. Hatakeyama and RIKEN Special Postdoctoral Researcher Jumpei F. Yamagishi discovered a new unifying concept that describes how all living cells manage growth under resource constraints. Their work introduces what they call the global constraint principle for microbial growth -- a framework that could reshape how scientists understand biological systems.

Since the 1940s, microbiologists have relied on the "Monod equation" to describe how microbes grow. This model shows that growth rates increase with added nutrients until they level off. However, the Monod equation assumes that only one nutrient or biochemical reaction limits growth at a time. In reality, cells perform thousands of simultaneous chemical processes that must share finite resources.

A Network of Constraints Inside Every Cell

According to Hatakeyama and Yamagishi, the traditional model captures only a small part of what's happening. Instead of a single bottleneck, cellular growth is shaped by a complex network of limitations that interact to slow growth as nutrients accumulate. The global constraint principle explains that when one limiting factor -- such as a nutrient -- is alleviated, other constraints like enzyme production, cell volume, or membrane space begin to take over.




Using a technique known as "constraint-based modeling," the team simulated how cells distribute and manage internal resources. Their results showed that while each additional nutrient helps microbes grow, its benefit gradually decreases -- each one contributes less than the last.

"The shape of growth curves emerges directly from the physics of resource allocation inside cells, rather than depending on any particular biochemical reaction," explains Hatakeyama.

Uniting Classic Laws of Biology

This new principle brings together two of biology's foundational growth laws: the Monod equation and Liebig's law of the minimum. Liebig's law states that a plant's growth is limited by whichever nutrient is scarcest (for example, nitrogen or phosphorus). Even if all other nutrients are plentiful, the plant can only grow as much as the least available one allows.

By merging these two concepts, the researchers created what they call a "terraced barrel" model. In this model, new limiting factors appear in stages as nutrient availability increases. This explains why organisms -- from single-celled microbes to complex plants -- experience diminishing growth returns even when conditions seem ideal, as each new stage reveals a fresh constraint.

Hatakeyama compares this to an updated version of Liebig's famous barrel analogy, in which a plant's growth is limited by its shortest stave, representing the scarcest resource. "In our model, the barrel staves spread out in steps," he says, "each step representing a new limiting factor that becomes active as the cell grows faster."

To test their hypothesis, the researchers built large-scale computer models of Escherichia coli bacteria. These models incorporated details about how cells use proteins, how crowded they are inside, and the physical limits of their membranes. The simulations accurately predicted the observed slowing of growth as nutrients were added and showed how oxygen and nitrogen levels affected the results. Laboratory experiments confirmed that the model's predictions matched real biological behavior.




Toward Universal Laws of Life's Growth

The discovery offers a new way to understand how life grows, without the need to model every molecule or reaction in detail. The global constraint principle provides a framework that unifies many aspects of biology. "Our work lays the groundwork for universal laws of growth," says Yamagishi. "By understanding the limits that apply to all living systems, we can better predict how cells, ecosystems, and even entire biospheres respond to changing environments."

This principle could have far-reaching applications. It may lead to more efficient microbial production in biotechnology, improved crop yields through better nutrient management, and stronger models for predicting how ecosystems respond to climate change. Future research may explore how this principle applies to different types of organisms and how multiple nutrients interact to influence growth. By bridging cellular biology with ecological theory, this study moves science closer to a universal framework for understanding life's growth limits.

Earth-Life Science Institute (ELSI) is one of Japan's prominent World Premiere International (WPI) research centers. It aims to drive breakthroughs in interdisciplinary science by attracting top researchers from around the world to collaborate on challenging scientific problems. ELSI's mission focuses on studying the origin and co-evolution of Earth and life.

The Institute of Science Tokyo (Science Tokyo) was established on October 1, 2024, through the merger of Tokyo Medical and Dental University (TMDU) and Tokyo Institute of Technology (Tokyo Tech). Its mission is "Advancing science and human wellbeing to create value for and with society."

Japan's World Premier International Research Center Initiative (WPI), launched in 2007 by the Ministry of Education, Culture, Sports, Science and Technology (MEXT), supports a network of elite research centers that operate with a high degree of independence and global collaboration. The program is managed by the Japan Society for the Promotion of Science (JSPS).

RIKEN, Japan's largest research institute for basic and applied science, produces over 2,500 papers each year in leading journals across physics, chemistry, biology, engineering, and medicine. Known for its interdisciplinary and international approach, RIKEN has earned a worldwide reputation for scientific excellence.
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Clearing brain plaques isn't enough to heal Alzheimer's | ScienceDaily
Researchers at Osaka Metropolitan University in Japan, led by graduate student Tatsushi Oura and Dr. Hiroyuki Tatekawa, discovered that the Alzheimer's treatment lecanemab, which removes amyloid plaques from the brain, does not improve the brain's waste clearance system in the short term.


						
The results indicate that even after treatment, the nerves of Alzheimer's disease (AD) patients remain damaged and the brain's natural waste-removal ability does not recover quickly. This finding highlights the disease's complexity and the need for therapies that target more than one biological pathway at once.

Alzheimer's Disease: A Complex and Multifactorial Disorder

The study adds to growing evidence that Alzheimer's is a multifaceted disease. It is the most common form of neurodegenerative disorder, yet remains one of the most difficult to treat because it develops through several overlapping causes.

One major contributor to nerve cell damage in AD is the buildup of the protein amyloid-b (Ab) in the brain. In healthy individuals, a network called the glymphatic system circulates cerebrospinal fluid through spaces around arteries into brain tissue. There, it mixes with interstitial fluid to remove metabolic waste, including Ab. The term "glymphatic" comes from the glial cells that play a key role in this process.

How Alzheimer's Disrupts the Brain's Cleanup System

In people with Alzheimer's, Ab accumulates and causes arteries to stiffen, slowing the flow of fluids between brain tissue and cerebrospinal fluid. This disruption blocks the brain's ability to clear out waste, setting off a cascade of damaging neurodegenerative effects that lead to the symptoms of the disease.




Lecanemab, a recently approved antibody therapy, is designed to reduce the buildup of amyloid-b. To test its effects, the Osaka Metropolitan University team examined the glymphatic system in patients before and after receiving lecanemab treatment. They used a specialized imaging measure known as the DTI-ALPS index to track changes.

No Short-Term Improvement Detected

Despite expectations, the researchers found no significant difference in the DTI-ALPS index between pre-treatment and three months after therapy.

They concluded that while anti-amyloid drugs like lecanemab can lower plaque levels and slow cognitive decline, they may not be enough to restore lost brain function. By the time symptoms appear, both neuronal damage and waste clearance impairments are likely well established and difficult to reverse. This underscores how Alzheimer's involves a network of biological problems, not just plaque buildup.

Next Steps: Understanding Why the Brain Doesn't Recover

"Even when Ab is reduced by lecanemab, impairment of the glymphatic system may not recover within the short-term," Oura said. "In the future, we want to look at factors like age, the stage of the disease, and degree of lesions in the white matter to further understand the relationship between changes in the glymphatic system due to lecanemab treatment and the outcome of treatment. This will help understand the best way to administer treatment to patients."

The research was published in the Journal of Magnetic Resonance Imaging.
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Scientists find brain chemical tied to trauma and depression | ScienceDaily
Neuroscientists from Columbia University and McGill University have identified a brain chemical that appears to drive depression and suicidal thinking in individuals who faced trauma or hardship during childhood.


						
The researchers found that high levels of a stress-related protein called SGK1 are closely associated with depression among people who endured early-life adversity. This discovery opens the door to a new type of antidepressant that blocks SGK1 activity and may be more effective for people who were neglected or abused as children.

Studies show that about 60% of adults in the United States diagnosed with major depression and roughly two-thirds of those who attempt suicide experienced some form of trauma or adversity during childhood.

"Current antidepressants are often less effective for people with a history of childhood adversity, who represent a large proportion of adults with depression," says the study's lead author, Christoph Anacker, assistant professor of clinical neurobiology in the Department of Psychiatry at Columbia University Vagelos College of Physicians and Surgeons. "What's exciting about our study is that it raises the prospect of quickly developing new treatments, as SGK1 inhibitors are in development for other conditions, and gives us a screening tool to identify people at greatest risk."

Why Depression After Early Trauma May Be Different

Childhood adversity (such as physical abuse or growing up in a dysfunctional family) is one of the strongest predictors of depression in adulthood.

While common antidepressants like SSRIs are helpful for many people, they are less effective for those who experienced early trauma. "This suggested to us that the biological processes that lead to depression and suicidality in general may differ from those with less stressful childhoods," Anacker explains.




Around ten years ago, Anacker's team discovered unusually high levels of SGK1 -- a stress-responsive protein -- in the blood of unmedicated patients with depression.

Evidence of SGK1's Role in Depression and Suicide

In the latest research, the scientists examined the brains of adults who had died by suicide and found elevated SGK1 levels. Those who had suffered childhood trauma showed the highest concentrations, up to twice as much as others who had also died by suicide.

The researchers also studied children exposed to early adversity and discovered that those carrying genetic variants that increase SGK1 production were more likely to experience depression as teenagers. These findings point to SGK1 as a biological driver of depression and suicidal behavior, particularly among people affected by trauma early in life.

Developing a New Kind of Antidepressant

Based on these results, Anacker and his colleagues suggest that drugs designed to block SGK1 might help prevent or treat depression in individuals with a history of trauma. In experiments with mice, SGK1 inhibitors delivered into the bloodstream prevented the animals from developing depressive-like behaviors during chronic stress.




SGK1 inhibitors are already being evaluated for use in other conditions, including atrial fibrillation. Anacker's team now hopes to begin clinical trials in people who have depression and a background of early life adversity. The researchers also propose that genetic screening could identify individuals most likely to benefit from an SGK1-targeted antidepressant.

"There's an urgent need to identify and treat people with the greatest risk of depression and suicide after exposure to early life adversity and SGK1 is a promising avenue to explore," Anacker says.

The research, titled "Hippocampal SGK1 promotes vulnerability to depression: the role of early life adversity, stress, and genetic risk," was published in Molecular Psychiatry.

Authors include Amira Millette (Columbia), Milena T. van Dijk (Columbia), Irina Pokhvisneva (McGill), Yifei Li (Columbia), Rory Thompson (Columbia), Sachin Patel (McGill), Rosemary C. Bagot (McGill), Aniko Naray-Fejes-Toth (Dartmouth), Geja Fejes-Toth (Dartmouth), Patricia Palufo-Silveira (McGill), Gustavo Turecki (McGill), Juan Pablo Lopez (Karolinksa Institute), and Christoph Anacker (Columbia).

The study was funded by a NARSAD Young Investigator award from the Brain & Behavior Research Foundation and the Columbia University Department of Psychiatry.
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Hidden weakness makes prostate cancer self-destruct | ScienceDaily
An international team of researchers has identified a new weakness in prostate cancer cells that could lead to more effective treatments for one of the most common cancers among men.


						
The study, published in the Proceedings of the National Academy of Sciences (PNAS), was led by scientists from Flinders University in Australia and South China University of Technology. Their findings highlight two enzymes, PDIA1 and PDIA5, that play a key role in helping prostate cancer cells grow, survive, and resist existing treatments.

Enzymes That Protect Cancer Cells

According to the researchers, PDIA1 and PDIA5 act like molecular bodyguards for the androgen receptor (AR), a protein that drives prostate cancer growth. When these enzymes are blocked, the AR loses stability and breaks apart, causing cancer cells to die and tumors to shrink in both lab cultures and animal models.

The team also discovered that combining drugs that inhibit PDIA1 and PDIA5 with enzalutamide, a standard medication for prostate cancer, made the treatment significantly more effective.

"We've discovered a previously unknown mechanism that prostate cancer cells use to protect the androgen receptor, which is a key driver of the disease," explains senior author Professor Luke Selth, Head of Prostate Cancer Research and Co-Director of the Flinders Health and Medical Research Institute's Cancer Impact program.

"By targeting these enzymes, we can destabilize the AR and make tumors more vulnerable to existing therapies like enzalutamide."

A Promising Combination Therapy




Lead author Professor Jianling Xie, who began the research at Flinders University, said the combination therapy worked well in both patient-derived tumor samples and mouse models, showing strong potential for clinical use.

"This is an exciting step forward," says Dr. Xie, now based at South China University of Technology. "Our findings show that PDIA1 and PDIA5 are not just helpers of cancer growth but they're also promising targets for new treatments that could work alongside existing drugs."

Disrupting Cancer's Energy Supply

The study also revealed that PDIA1 and PDIA5 do more than just protect the AR. They help cancer cells manage stress and maintain their energy production systems. When the enzymes are blocked, the mitochondria -- the cell's power generators -- become damaged, leading to oxidative stress that further weakens the cancer cells.

"This dual impact of hitting both the AR and the cancer's energy supply makes these enzymes especially attractive targets," adds Dr. Xie. "It's like cutting off both the fuel and the engine at the same time."

Next Steps Toward Safer Treatments

Professor Selth notes that while current PDIA1 and PDIA5 inhibitors are promising, they still need to be refined for patient use. Some existing compounds can affect healthy cells, so future studies will focus on designing safer and more selective versions.




Prostate cancer is the second most common cancer in men worldwide. Although treatments such as hormone therapy and AR-targeting drugs have greatly improved survival rates, resistance to these therapies remains a major challenge. This new discovery may help overcome that resistance and improve treatment options for men with advanced prostate cancer.

The research received support from Cancer Council SA, Cancer Council NSW, the Flinders Foundation, the Movember Foundation, the Prostate Cancer Foundation of Australia, The Hospital Research Foundation, Cancer Australia, Masonic Charities Trust, the Australian Research Council, and several international funding organizations.
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A neutron star's weird wind rewrites space physics | ScienceDaily
The X-Ray Imaging and Spectroscopy Mission (XRISM) has identified a surprising contrast between the winds blasting away from a disk around a neutron star and those seen near supermassive black holes. The neutron star system produces an unusually dense outflow that challenges current ideas about how these winds form and how they reshape their surroundings.


						
On February 25, 2024, XRISM used its Resolve instrument to observe the neutron star GX13+1, the compact remnant of a once larger star. GX13+1 shines brightly in X-rays that come from an accretion disk of superheated material spiraling inward and striking the star's surface.

These inward flows can also launch powerful outflows that alter the space around them. How these outflows arise is still under investigation, which is why the team targeted GX13+1.

Resolve can precisely measure the energy of individual X-ray photons, so the scientists anticipated seeing fine-grained details that had never been captured before.

"When we first saw the wealth of details in the data, we felt we were witnessing a game-changing result," says Matteo Guainazzi, ESA XRISM project scientist. "For many of us, it was the realization of a dream that we had chased for decades."

Why cosmic winds matter

These winds are not just curiosities. They drive large-scale change in the universe.




Similar winds also blow from systems with supermassive black holes at galaxy centers. They can compress giant molecular clouds to trigger star birth or heat and disperse those clouds to halt star formation. Astronomers refer to this push and pull as feedback, and in extreme cases the wind from a central black hole can regulate the growth of its entire host galaxy.

Because the processes around supermassive black holes might mirror those near GX13+1, the team chose this neutron star system as a closer, brighter target that could reveal the underlying physics in sharper detail.

A timely surge to the Eddington limit

Just before the planned observations, GX13+1 unexpectedly brightened and reached or even surpassed the Eddington limit.

This limit describes what happens as matter falls onto a compact object such as a black hole or a neutron star. More infalling matter releases more energy. As the energy output rises, the radiation exerts pressure on the incoming material and pushes it outward. At the Eddington limit, the high-energy light being produced can drive almost all of the infalling matter back into space as a wind.

Resolve recorded GX13+1 during this dramatic phase.




"We could not have scheduled this if we had tried," said Chris Done, Durham University, UK, the lead researcher on the study. "The system went from about half its maximum radiation output to something much more intense, creating a wind that was thicker than we'd ever seen before."

A slow, dense wind defies expectations

Despite the intense outburst, the wind's speed remained near 1 million km/h. That is swift on Earth but slow compared with winds near the Eddington limit around supermassive black holes, where outflows can reach 20 to 30 percent of light speed, more than 200 million km/h.

"It is still a surprise to me how 'slow' this wind is," says Chris, "as well as how thick it is. It's like looking at the Sun through a bank of fog rolling towards us. Everything goes dimmer when the fog is thick."

Neutron star vs black hole winds

This was not the only contrast. Earlier XRISM observations of a supermassive black hole at the Eddington limit revealed an ultrafast, clumpy wind. By comparison, the outflow from GX13+1 appears slow and smooth.

"The winds were utterly different but they're from systems which are about the same in terms of the Eddington limit. So if these winds really are just powered by radiation pressure, why are they different?" asks Chris.

Accretion disk temperature as the key

The team suggests the answer lies in the temperature of the accretion disk around the central object. Counterintuitively, disks around supermassive black holes tend to be cooler than those in stellar-mass systems with neutron stars or black holes.

Disks around supermassive black holes are much larger. They can be extremely luminous, yet that power is spread over a vast area, so the typical radiation they emit peaks in ultraviolet light. Stellar-mass systems radiate more strongly in X-rays.

Ultraviolet light interacts with matter more readily than X-rays. Chris and colleagues propose that this difference allows ultraviolet radiation to push material more efficiently, generating the much faster winds seen near supermassive black holes.

What this means for galaxy evolution

If this explanation holds, it will refine how scientists think about the exchange of energy and matter in extreme environments. It could also clarify how these processes influence the growth of galaxies and the broader evolution of the cosmos.

"The unprecedented resolution of XRISM allows us to investigate these objects -- and many more -in far greater detail, paving the way for the next-generation, high-resolution X-ray telescope such as NewAthena," says Camille Diez, ESA Research fellow.

XRISM mission at a glance

XRISM (pronounced krizz-em) launched on September 7, 2023. The mission is led by the Japan Aerospace Exploration Agency (JAXA) in partnership with NASA and ESA. It flies with two instruments: Resolve, an X-ray calorimeter that measures the energy of individual X-ray photons to deliver an unprecedented level of energy resolution (the capability of an instrument to distinguish the X-ray 'colors'), and Xtend, a wide-field X-ray CCD camera that images the surrounding region.
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Physicists prove the Universe isn't a simulation after all | ScienceDaily
The idea that our universe might be nothing more than an elaborate computer simulation has been a favorite theme in science fiction for decades. Yet new research from UBC Okanagan suggests that not only is this concept implausible -- it is mathematically impossible.


						
Dr. Mir Faizal, an Adjunct Professor at UBC Okanagan's Irving K. Barber Faculty of Science, and his collaborators, Drs. Lawrence M. Krauss, Arshid Shabir, and Francesco Marino, have shown that the underlying fabric of reality operates in a way no computer could ever replicate.

Their study, published in the Journal of Holography Applications in Physics, doesn't just dispute the idea of a simulated universe like The Matrix. It goes further, demonstrating that the cosmos itself is built upon a kind of understanding that lies outside the reach of any algorithm.

The Simulation Hypothesis Meets Mathematics

"It has been suggested that the universe could be simulated. If such a simulation were possible, the simulated universe could itself give rise to life, which in turn might create its own simulation. This recursive possibility makes it seem highly unlikely that our universe is the original one, rather than a simulation nested within another simulation," says Dr. Faizal. "This idea was once thought to lie beyond the reach of scientific inquiry. However, our recent research has demonstrated that it can, in fact, be scientifically addressed."

The team's findings rest on the evolving understanding of what reality truly is. Physics has moved far beyond Isaac Newton's view of solid objects moving through space. Einstein's theory of relativity replaced that classical model, and quantum mechanics transformed it yet again. Now, at the forefront of theoretical physics, quantum gravity proposes that even space and time are not fundamental elements. Instead, they arise from something deeper -- pure information.

The Hidden Realm Beneath Reality

Physicists describe this informational layer as a "Platonic realm," a mathematical foundation more real than the physical world we perceive. According to the new research, it is from this realm that space and time themselves emerge.




However, the scientists demonstrated that even this information-based structure cannot fully describe reality through computation alone. By applying advanced mathematical principles, including Godel's incompleteness theorem, they proved that any consistent and complete model of existence requires what they call "non-algorithmic understanding."

To grasp this idea, imagine how a computer works -- it follows a set of defined instructions step by step. Yet, some truths exist that cannot be reached by following any sequence of logical operations. These are known as "Godelian truths," and while they are real, they cannot be proven using computation.

Where Computation Fails

Consider the statement, "This true statement is not provable." If it were provable, it would be false, contradicting logic. If it cannot be proven, then it is true, which means any logical system attempting to prove it is incomplete. In either case, computation alone falls short.

"We have demonstrated that it is impossible to describe all aspects of physical reality using a computational theory of quantum gravity," says Dr. Faizal. "Therefore, no physically complete and consistent theory of everything can be derived from computation alone. Rather, it requires a non-algorithmic understanding, which is more fundamental than the computational laws of quantum gravity and therefore more fundamental than spacetime itself."

Why the Universe Cannot Be Simulated

If the underlying rules of the Platonic realm seem similar to those governing a computer simulation, could that realm itself be simulated? The answer, according to the researchers, is no.




"Drawing on mathematical theorems related to incompleteness and indefinability, we demonstrate that a fully consistent and complete description of reality cannot be achieved through computation alone," explains Dr. Faizal. "It requires non-algorithmic understanding, which by definition is beyond algorithmic computation and therefore cannot be simulated. Hence, this universe cannot be a simulation."

Co-author Dr. Lawrence M. Krauss notes that the implications of this finding extend deep into the foundations of physics. "The fundamental laws of physics cannot be contained within space and time, because they generate them. It has long been hoped, however, that a truly fundamental theory of everything could eventually describe all physical phenomena through computations grounded in these laws. Yet we have demonstrated that this is not possible. A complete and consistent description of reality requires something deeper -- a form of understanding known as non-algorithmic understanding."

Reality Beyond Algorithms

As Dr. Faizal summarizes, "Any simulation is inherently algorithmic -- it must follow programmed rules. But since the fundamental level of reality is based on non-algorithmic understanding, the universe cannot be, and could never be, a simulation."

For years, the simulation hypothesis was regarded as untestable, confined to the realms of philosophy and speculative fiction. This new research, however, anchors it firmly in mathematical and physical theory -- delivering what may be the final, definitive answer to one of science's most intriguing questions.
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New research finds no clear link between acetaminophen (Tylenol) and autism | ScienceDaily

Researchers reported that the reliability of earlier studies and reviews on this topic is rated as low to critically low. They noted that any apparent associations observed in past studies may be influenced by factors shared within families, such as genetics and environmental conditions, rather than by the medication itself.

Safety Guidance for Pregnant Women and Health Professionals

The study authors emphasize that regulators, healthcare providers, pregnant women, parents, and those affected by autism and ADHD should be aware of the poor quality of prior evidence. They recommend that acetaminophen continue to be used when needed to relieve pain or reduce fever during pregnancy, consistent with current medical advice.

Acetaminophen (called paracetamol outside the USA and Japan) remains the standard and recommended treatment for pain and fever in pregnancy and is considered safe by regulatory agencies around the world.

Previous systematic reviews exploring potential risks have been inconsistent in quality. Many did not properly adjust for key factors shared by family members, such as parental health or lifestyle, making it difficult to determine whether acetaminophen itself has any true impact on a baby's brain development.

To clarify this uncertainty, the researchers conducted an "umbrella review" (a comprehensive summary of systematic reviews) to evaluate how strong and reliable the existing evidence is, and to examine whether there is a measurable association between acetaminophen use in pregnancy and the risk of autism or ADHD in children.




Reviewing Data From 40 Studies

The team identified nine systematic reviews that together covered 40 observational studies on acetaminophen exposure during pregnancy and later neurodevelopmental outcomes in children. Four of these reviews included meta-analyses (a statistical technique that combines data from multiple studies to produce a more precise estimate of effect).

Each review was carefully assessed for bias using recognized evaluation tools, and the researchers rated their confidence in the findings as high, moderate, low, or critically low. The amount of overlap between studies in the reviews was also recorded and found to be very high.

Although all reviews reported a possible to strong link between maternal acetaminophen use and autism or ADHD, seven of the nine reviews urged caution when interpreting those findings. Most warned that the results could be skewed by unmeasured factors, known as confounders, such as family genetics or parental health differences.

Overall, confidence in the findings was rated as low for two reviews and critically low for seven. Only one review included two studies that adequately controlled for shared genetic and environmental influences between siblings and accounted for other important factors, including parental mental health, background, and lifestyle.

Adjusted Results Show Little to No Link

In both of these well-controlled studies, any apparent connection between prenatal acetaminophen exposure and autism or ADHD risk largely disappeared or was significantly reduced after adjustments were made. The researchers suggest that these results indicate much of the previously observed risk can be explained by family-related factors rather than by the medication itself.




The authors acknowledge several limitations in the available research. The included reviews varied in scope and methodology, did not address dosage or timing of exposure, and focused only on autism and ADHD outcomes.

Even so, the new overview brings together all relevant evidence using established quality-assessment methods. It highlights what the authors describe as "the lack of robust evidence linking acetaminophen use in pregnancy and autism and ADHD in offspring."

They conclude: "The current evidence base is insufficient to definitively link in utero exposure to acetaminophen with autism and ADHD in childhood. High quality studies that control for familial and unmeasured confounders can help improve evidence on the timing and duration of acetaminophen exposure, and for other child neurodevelopmental outcomes."
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Archaeologists may have finally solved Peru's strange "Band of Holes" mystery | ScienceDaily
    	In southern Peru's Pisco Valley, Monte Sierpe -- also known as the "Band of Holes" -- features thousands of perfectly aligned circular pits whose true purpose has long puzzled scientists.
    	New research combining microbotanical analysis and high-resolution drone imagery offers fresh insight into how and why this mysterious site was built.
    	Evidence suggests Monte Sierpe may have first served as a bustling pre-Inca marketplace where traders, farmers, and travelers exchanged goods and ideas.
    	Later, under Inca rule, it might have evolved into a sophisticated accounting and tribute system used to manage resources and record exchanges across the empire.

Clues Emerge in the Mystery of Peru's "Band of Holes"

Researchers from the University of Sydney have found new evidence that could finally explain one of the Andes' most puzzling archaeological sites. Monte Sierpe (translated as "serpent mountain" and often called the "Band of Holes") lies in Peru's Pisco Valley and features more than 5,000 carefully aligned circular depressions carved into the desert hills.

This unusual formation has fascinated and mystified both scientists and the public for decades.

Lead author Dr. Jacob Bongers, a digital archaeologist at the University of Sydney, asked, "Why would ancient peoples make over 5,000 holes in the foothills of southern Peru? Were they gardens? Did they capture water? Did they have an agricultural function? We don't know why they are here, but we have produced some promising new data that yield important clues and support novel theories about the site's use."

Using advanced drone technology, his team mapped the site and found numerical patterns in the layout that suggest deliberate design rather than random placement.

The researchers were astonished to discover that the layout of Monte Sierpe mirrors the structure of an Inca khipu (a knotted-string device used for recording information) found in the same valley.




"This is an extraordinary discovery that expands understandings about the origins and diversity of Indigenous accounting practices within and beyond the Andes," said Dr. Bongers.

Ancient Plants Reveal Trade and Transport Clues

Soil samples from the holes revealed traces of maize (corn), one of the Andes' most essential crops, along with reeds that were traditionally used for weaving baskets. These findings show that ancient people placed plant materials into the holes, possibly using woven containers for transport.

"This is very intriguing," Dr. Bongers said. "Perhaps this was a pre-Inca marketplace, like a flea market. We know the pre-Hispanic population here was around 100,000 people. Perhaps mobile traders (seafaring merchants and llama caravans), specialists (farmers and fisherfolk), and others were coming together at the site to exchange local goods such as corn and cotton. Fundamentally, I view these holes as a type of social technology that brought people together, and later became a large-scale accounting system under the Inca Empire.

"There are still many more questions -- why is this monument only seen here and not all over the Andes? Was Monte Sierpe a sort of 'landscape khipu'? -- but we are getting closer to understanding this mysterious site. It is very exciting."

The team's findings were published on November 10 in the journal Antiquity.




Stretching for about 1.5 kilometers across the Pisco Valley in southern Peru, Monte Sierpe consists of roughly 5,200 uniform holes, each 1-2 meters wide and 0.5-1 meter deep, arranged in rows and divided into distinct sections.

The site first gained widespread attention in 1933 when aerial photos appeared in National Geographic, but its true purpose has remained uncertain ever since.

"Hypotheses regarding Monte Sierpe's purpose range from defense, storage, and accounting to water collection, fog capture and gardening, yet the true function of the site remains unclear," said Dr. Bongers.

Drones and Soil Analysis Offer New Clues

To better understand this enigmatic feature of Peru's landscape, Dr. Bongers and an international research team combined drone-based aerial photography with microbotanical analysis of sediments collected from the holes. These complementary approaches revealed new details about how the site was organized and used, both at a fine scale and across the broader landscape.

Together, the data support a new interpretation of Monte Sierpe as an Indigenous center for barter and exchange that may have evolved into an accounting system under Inca rule.

Monte Sierpe's location adds weight to this idea. It sits between two Inca administrative centers and near a crossroads of pre-Hispanic roads. The area occupies a transitional ecological zone (chaupiyunga) between the Andes highlands and the lower coastal plain, an ideal meeting ground for trade between regions.

These findings suggest that the pre-Inca Chincha Kingdom may have built Monte Sierpe for organized barter and trading, and that the Inca later repurposed it for accounting and tribute collection.

"This research contributes an important Andean case study on how past communities modified landscapes to bring people together and promote interaction," said Dr. Bongers.

International Collaboration and Technological Innovation

Dr. Jacob Bongers specializes in drone-based archaeological mapping and is the Tom Austen Brown Postdoctoral Research Associate in Archaeology at the University of Sydney. He is also a core member of the Vere Gordon Childe Centre (VGCC), which unites experts across disciplines to study humanity through time. In addition, he is a Visiting Research Fellow at the Australian Museum Research Institute.

Professor Kirsten McKenzie, Director of the VGCC, praised his work: "We are all hugely proud of his achievement. Monte Sierpe is a high-profile site that attracts a lot of popular commentary online, including misinformation that threatens to overshadow Indigenous knowledge bases and community ownership over history and heritage.

"Dr. Bongers' team brought to light an incredible example of Indigenous accounting and exchange through interdisciplinary research and diverse expertise, highlighting how cutting-edge technologies and analyses lead to a completely novel understanding of Andean communities in the past."

Professor Charles Stanish, senior co-author from the University of South Florida, noted that despite its fame, Monte Sierpe had seen little professional archaeological study since its discovery in the 1930s and limited surveys in the 1970s. "The site is isolated and not threatened by development. As a result, there has not been a sense of urgency," he explained.

That changed with the advent of drone imaging. "With the recent availability of drone technology, archaeologists detected mathematical patterning in the layout of the holes. This is a spectacular find. Combined with discoveries in the Canete Valley 75 kilometers north of Inca storage sites with precisely aligned products on the ground in carefully drawn squares, interest in the Band of Holes skyrocketed."

Professor Stanish added that the site has long drawn public fascination, but reliable data was scarce. "The site has always been very prominent in the pseudoarcheology world with rampant speculation and mischaracterization of the data on the ground. One of the benefits of scientific work is the debunking of unsubstantiated claims that in many ways deprive Indigenous peoples' rightful ownership of their past."

Mapping the Andes' Hidden Patterns

Before drone surveys, it was nearly impossible to grasp the site's structure from ground level or even from nearby hills because of the persistent coastal haze. "Until drone technology, the site of Monte Sierpe/Band of Holes was extremely difficult to map on the surface. One simply cannot get an accurate impression of the structured nature of the hole segments, even from the top of the mountain behind due to the permanent haze in the area," said Stanish.

He added, "Furthermore, there were very few artifacts on the ground making it difficult to determine a date for the site. Once we had precision, low-altitude images it was immediately clear that this site was profoundly important and had to be scientifically studied."

"Now that we have established that this site was for storage and redistribution, our University of South Florida team will conduct additional work to determine the range and origins of the various plants, particularly the medicinal ones," Professor Stanish said. "With every identification of a new plant type, the Band of Holes becomes more intriguing."

The research received support from a Franklin Research Grant, the University of South Florida Office of the Dean, and the Cotsen Institute of Archaeology at the University of California, Los Angeles. The team also thanked the Peruvian Ministry of Culture for its research permit (000318-2024-DCIA-DGPA-VMPCIC/MC). Open access funding was provided by the University of Sydney.
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Surprising heart study finds daily coffee may cut AFib risk by 39% | ScienceDaily
New research suggests that drinking coffee may actually help protect against atrial fibrillation (AFib), a common heart rhythm disorder that causes the heart to beat too quickly and irregularly, sometimes leading to stroke or heart failure.


						
For years, doctors have advised people with AFib and other heart issues to stay away from caffeine, fearing it could worsen symptoms. But a new study from UC San Francisco and the University of Adelaide has found the opposite: participants who drank one cup of caffeinated coffee a day had a 39% lower risk of developing AFib.

Why Coffee May Help the Heart

"Coffee increases physical activity which is known to reduce atrial fibrillation," explained Gregory M. Marcus, MD, MAS, an electrophysiologist at UCSF Health and the senior author of the study, published November 9 in JAMA. Marcus added that "caffeine is also a diuretic, which could potentially reduce blood pressure and in turn lessen AFib risk. Several other ingredients in coffee also have anti-inflammatory properties that could have positive effects."

Rates of AFib have been climbing in recent years, largely due to aging populations and increasing obesity. More than 10 million adults in the United States have been diagnosed, and experts estimate that as many as one in three people may experience the condition at some point in their lives.

Testing Coffee's Effect on Heart Rhythm

To explore whether coffee helps or harms, researchers designed the DECAF study (Does Eliminating Coffee Avoid Fibrillation?), the first randomized clinical trial to test the relationship between caffeinated coffee and AFib. The project was funded by the National Institutes of Health.




The trial involved 200 patients who were regular coffee drinkers and had persistent AFib or a related condition known as atrial flutter, along with a history of AFib. All were scheduled to undergo electrical cardioversion, a procedure that uses a controlled electrical shock to restore normal heart rhythm. Participants were randomly assigned to either drink at least one cup of caffeinated coffee or an espresso shot each day, or to completely avoid coffee and other caffeinated beverages for six months.

Coffee Drinkers Had Lower Risk

At the end of the study, the group that drank coffee experienced a 39% lower risk of recurring AFib episodes. In addition to coffee's potential anti-inflammatory effects, the researchers proposed that those who drank coffee may have naturally replaced less healthy drinks, such as sugary sodas, with coffee instead.

"The results were astounding," said first author Christopher X. Wong, PhD, of UCSF, the University of Adelaide, and the Royal Adelaide Hospital. "Doctors have always recommended that patients with problematic AFib minimize their coffee intake, but this trial suggests that coffee is not only safe but likely to be protective."

Authors from UCSF include Gabrielle Montenegro; Hannah H. Oo; Isabella J. Pena; Janet J. Tang, PhD; Grace Wall; Thomas A. Dewland, MD; Joshua D. Moss, MD; Edward P. Gerstenfeld, MD; Zian H. Tseng, MD; Henry H. Hsia, MD; Randall J. Lee, MD, PhD; Jeffrey E. Olgin, MD; Vasanth Vedantham, MD; Melvin M. Scheinman, MD; and Catherine Lee, PhD.

Marcus is supported by R01 HL158825-01, R01 HL167975-01, R01 DA058069-01, and R01 HL159069-01A1 grants from the National Heart, Lung and Blood Institute, as well as R01 AA022222 from the National Institute on Alcohol Abuse and Alcoholism.
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Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life | ScienceDaily
New research from NASA's Cassini mission reveals that Enceladus, one of Saturn's most intriguing moons and a prime candidate for extraterrestrial life, is releasing heat from both poles. This surprising discovery suggests the icy world has the long-term thermal balance needed for life to possibly take hold. The findings were published on November 7 in Science Advances.


						
A team of scientists from Oxford University, the Southwest Research Institute, and the Planetary Science Institute in Tucson, Arizona, has uncovered the first evidence of significant heat flow at Enceladus' north pole. Until now, scientists believed that heat loss was limited to the south pole, where geysers shoot water vapor and ice particles into space. The new measurements confirm that Enceladus is far more thermally active than previously thought, indicating that it generates and releases much more heat than a dormant, frozen moon would.

A Hidden Ocean Beneath the Ice

Enceladus is a geologically active world with a global, salty ocean hidden beneath its icy surface. Scientists believe this ocean is the main source of the moon's internal heat. Because it contains liquid water, warmth, and essential chemical ingredients (such as phosphorus and complex hydrocarbons), this underground sea is considered one of the most promising environments in the solar system for life beyond Earth.

For life to thrive, Enceladus' ocean must remain stable over long periods, maintaining an equilibrium between energy gained and lost. This balance is sustained through tidal heating, caused by Saturn's powerful gravitational pull that stretches and compresses the moon as it orbits. If too little heat is produced, Enceladus' surface activity would fade, and its ocean could eventually freeze. Too much energy, however, might trigger excessive geological activity, disrupting the delicate environment that supports its ocean.

"Enceladus is a key target in the search for life outside the Earth, and understanding the long-term availability of its energy is key to determining whether it can support life," explained Dr. Georgina Miles (Southwest Research Institute and Visiting Scientist at the Department of Physics, University of Oxford), the study's lead author.

Measuring Enceladus' Mysterious Warmth

Until recently, scientists had only measured heat loss at the moon's south pole. The north pole was believed to be geologically quiet and inactive. To challenge this assumption, the research team used data from NASA's Cassini spacecraft to study the north polar region during two key periods: the deep winter of 2005 and the summer of 2015. These observations allowed scientists to estimate how much energy Enceladus loses as heat moves from its relatively "warm" subsurface ocean (0degC, 32degF) through its icy crust to the surface, which remains bitterly cold (-223degC, -370degF), before escaping into space.




By modeling expected surface temperatures during the long polar night and comparing them with infrared data from Cassini's Composite InfraRed Spectrometer (CIRS), researchers found that the north pole's surface was roughly 7 K warmer than expected. The only explanation for this excess warmth is heat leaking upward from the hidden ocean.

The team measured a heat flow of 46 +- 4 milliwatts per square meter. While that may sound modest, it equals about two-thirds of the average heat escaping through Earth's continental crust. Across Enceladus, this amounts to about 35 gigawatts of energy -- roughly the power produced by 66 million solar panels (530 W each) or 10,500 wind turbines (3.4 MW each).

A Stable Ocean Beneath the Ice

When the new measurements are combined with the heat previously detected at the active south pole, Enceladus' total heat loss reaches about 54 gigawatts. This figure aligns closely with predictions of how much heat should be generated by tidal forces. The nearly perfect balance between heat creation and loss indicates that Enceladus' ocean could remain liquid for vast spans of time, offering a stable, long-term environment that might allow life to develop.

"Understanding how much heat Enceladus is losing on a global level is crucial to knowing whether it can support life," said Dr. Carly Howett (Department of Physics, University of Oxford and Planetary Science Institute in Tucson, Arizona), corresponding author of the study. "It is really exciting that this new result supports Enceladus' long-term sustainability, a crucial component for life to develop."

How Long Has the Ocean Existed?

The next challenge for scientists is to determine how long Enceladus' ocean has been around. If it has existed for billions of years, the conditions for life would have been stable long enough for it to potentially emerge. However, the exact age of the ocean remains uncertain.




Mapping Enceladus for Future Missions

The research also demonstrated that thermal readings can help estimate the thickness of Enceladus' ice shell, an important factor for planning future missions that may attempt to explore its ocean using robotic probes or landers. The analysis suggests that the ice is 20 to 23 km thick at the north pole, and about 25 to 28 km thick on average across the moon -- slightly deeper than earlier estimates derived from other models.

"Eking out the subtle surface temperature variations caused by Enceladus' conductive heat flow from its daily and seasonal temperature changes was a challenge, and was only made possible by Cassini's extended missions," added Dr. Miles. "Our study highlights the need for long-term missions to ocean worlds that may harbor life, and the fact the data might not reveal all its secrets until decades after it has been obtained."
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Meet the desert survivor that grows faster the hotter it gets | ScienceDaily
In California's Death Valley, where summer heat often surpasses 120 degrees Fahrenheit, survival appears almost impossible. Yet, among the cracked soil and intense sunlight, one native plant not only endures but flourishes.


						
That plant, Tidestromia oblongifolia, has helped scientists at Michigan State University reveal how life can persist in such extreme conditions. Their findings offer a potential guide for developing crops that can survive in an increasingly hot climate.

In a study published in Current Biology, Research Foundation Professor Seung Yon "Sue" Rhee and Research Specialist Karine Prado report that T. oblongifolia actually grows more quickly under Death Valley's summer conditions. The plant accomplishes this by fine-tuning its photosynthetic system to resist the damaging effects of heat.

A Plant That Grows Stronger in the Heat

For Prado, the project began with a simple question: how can this plant remain green and healthy when most others would wither within hours?

"When we first brought these seeds back to the lab, we were fighting just to get them to grow," Prado said. "But once we managed to mimic Death Valley conditions in our growth chambers, they took off."

Working with colleagues in the Rhee lab at MSU's Plant Resilience Institute, Prado used custom-built growth chambers to reproduce the desert's harsh light and extreme daily temperature shifts. The results were astonishing. In just 10 days, T. oblongifolia tripled its biomass. Meanwhile, other related species known for their heat tolerance stopped growing entirely.




The World's Most Heat-Tolerant Plant

After only two days in extreme heat, T. oblongifolia expanded its photosynthetic comfort zone, allowing it to keep producing energy efficiently. Within two weeks, its optimal photosynthetic temperature rose to 45 degrees Celsius (113 degrees Fahrenheit) -- higher than that of any major crop on record.

"This is the most heat-tolerant plant ever documented," Rhee said. "Understanding how T. oblongifolia acclimates to heat gives us new strategies to help crops adapt to a warming planet."

How the Desert Survivor Works

Using a combination of physiological tests, live imaging, and genomic analysis, the research team uncovered how T. oblongifolia coordinates multiple biological systems to survive.

Under Death Valley-level heat, the plant's mitochondria -- the structures that generate energy -- move closer to the chloroplasts, where photosynthesis occurs. At the same time, the chloroplasts reshape into distinctive "cup-like" forms never before observed in higher plants. These adaptations may help the plant capture and recycle carbon dioxide more efficiently, maintaining energy production even under stress.




Within 24 hours of heat exposure, thousands of genes adjust their activity. Many are involved in shielding proteins, membranes, and photosynthetic machinery from damage. The plant also increases production of an enzyme known as Rubisco activase, which helps keep photosynthesis functioning smoothly at high temperatures.

Lessons for Future Agriculture

With global temperatures expected to rise by as much as 5 degrees Celsius by the end of the century, extreme heat is already reducing yields for essential crops like wheat, maize, and soybeans. As the global population grows, scientists are racing to find ways to sustain food production.

"T. oblongifolia shows us that plants have the capacity to adapt to extreme temperatures," Rhee said. "If we can learn how to replicate those mechanisms in crops, it could transform agriculture in a hotter world."

Learning From Nature's Toughest Survivors

For decades, plant biology has centered on model species that are easy to cultivate, such as Arabidopsis, rice, and maize. Rhee believes it is time to look beyond these familiar plants and study species that have evolved to endure the world's harshest environments.

"Desert plants have spent millions of years solving the challenges we're only beginning to face," she said. "We finally have the tools, such as genomics, high-resolution live imaging and systems biology, to learn from them. What we need now is broader support to pursue this kind of research."

Her lab is already applying these insights, studying how the genes and cellular structures that give T. oblongifolia its extraordinary resilience might be used to make food crops more heat-tolerant.

"This research doesn't just tell us how one desert plant beats the heat," Prado said. "It gives us a roadmap for how all plants might adapt to a changing climate."
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9,000-year-old ice melt shows how fast Antarctica can fall apart | ScienceDaily

The findings suggest that Antarctic ice retreat is not confined to one area but can spread across regions through oceanic links, amplifying ice loss on a continental scale. This process, in which meltwater from one region accelerates melting elsewhere, is known as a "cascading positive feedback." Understanding this chain reaction offers crucial insight into why Antarctic ice sheets may be inherently unstable, both in the distant past and in the modern era.

Reconstructing Ancient Ice-Sheet Collapse

The study set out to identify what caused the large-scale ice loss in East Antarctica thousands of years ago.

The East Antarctic Ice Sheet, which holds over half of Earth's freshwater, is already losing ice in some coastal zones today. Knowing how these massive ice systems responded to earlier warm periods provides valuable clues to their future under modern climate change. To trace this history, the team analyzed marine sediment cores collected from Lutzow-Holm Bay, near Japan's Syowa Station along the Soya Coast. These were combined with geological and geomorphological surveys across Dronning Maud Land.

The sediments were obtained through decades of Japanese Antarctic Research Expeditions (JARE) between 1980 and 2023, including recent sampling from the icebreaker Shirase. Using sedimentological, micropaleontological, and geochemical analyses, along with measurements of beryllium isotope ratios (10Be/9Be), the researchers reconstructed past environmental changes in the bay. Their data show that around 9,000 years ago, warm Circumpolar Deep Water (CDW) surged into the bay, leading to the collapse of floating ice shelves. Once these shelves broke apart, their loss of structural support allowed inland ice to accelerate toward the sea.

Modeling Reveals a Cascading Ocean Feedback

To determine why warm deep water intensified during that period, the researchers ran climate and ocean circulation models. These simulations showed that meltwater from other Antarctic regions, including the Ross Ice Shelf, spread throughout the Southern Ocean. This influx of freshwater freshened the surface ocean, strengthening vertical stratification and preventing cold surface water from mixing downward.




As a result, warm deep water was able to move more easily toward East Antarctica's continental shelf. This created a reinforcing cycle: meltwater increased stratification, which in turn enhanced warm-water inflow, causing even more melting. The models demonstrate that this kind of interconnected "cascading feedback" could allow melting in one sector of Antarctica to trigger or accelerate ice loss in others through large-scale ocean circulation patterns.

A Warning Echoing Across Millennia

The research provides some of the clearest evidence yet that Antarctica's ice sheet can undergo self-reinforcing, widespread melting when the planet warms. Although the event occurred in the early Holocene epoch, when global temperatures were naturally higher than during the last Ice Age, the same physical processes are relevant today.

Modern observations show that parts of the West Antarctic Ice Sheet -- such as the Thwaites and Pine Island glaciers -- are already retreating rapidly as warm deep water intrudes beneath them. If similar cascading feedbacks are happening now, localized melting could spread and accelerate overall ice loss, contributing to faster global sea-level rise.

International Collaboration and Global Implications

The project involved more than 30 institutions, including NIPR, the Geological Survey of Japan (AIST), the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), the University of Tokyo, Kochi University, Hokkaido University, and partners from New Zealand, Spain, and other countries.

This large-scale collaboration combined field surveys, marine sediment studies, cosmogenic nuclide dating, and advanced coupled climate-ocean modeling to reconstruct how the Antarctic ice-ocean system evolved.

Professor Suganuma emphasized the broader meaning of the findings: "This study provides essential data and modeling evidence that will facilitate more accurate predictions of future Antarctic ice-sheet behavior. The cascading feedbacks identified in this study serve to underscore the notion that minor regional alterations can potentially engender global ramifications."
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Life found in a place scientists thought impossible | ScienceDaily
In a new study, first author Palash Kumawat from the University of Bremen's Geosciences Department and his team investigated how microbes manage to survive in one of the planet's harshest underwater environments. They analyzed lipid biomarkers, specialized fat molecules that reveal biological activity, to uncover the organisms' survival strategies. The site's pH of 12 makes it one of the most alkaline environments ever documented, creating conditions that are exceptionally difficult for life to endure.


						
Because so few living cells exist there, detecting DNA is often impossible. Instead, the researchers used trace analysis techniques sensitive enough to identify even faint biochemical signals. "But we were able to detect fats," says Kumawat, currently a PhD candidate in the Geosciences Department. "With the help of these biomarkers we were able to obtain insights into the survival strategies of methane- and sulfate-metabolizing microbes in this extreme environment."

Microbial Clues Hidden in Deep-Sea Chemistry

Microbial life in the deep ocean plays an important role in the global carbon cycle, processing carbon and other elements far below the surface. The communities identified by Kumawat's team draw their energy not from sunlight but from minerals in rocks and gases like carbon dioxide and hydrogen, producing methane in the process -- an important greenhouse gas. These biochemical reactions occur independently of the ocean above, showing that these microbes operate in a self-contained ecosystem.

The lipid molecules also help determine whether the microbes are alive or remnants from ancient communities. Intact biomolecules suggest active or recently living cells, while degraded ones indicate fossilized "geomolecules" from long ago. Kumawat explains that combining isotope data with lipid biomarkers shows evidence of both modern and ancient microbial populations inhabiting this hostile environment. "This distinction helps us when working in areas with extremely low biomass and nutrient deficiency," he notes.

Discovering Life at the Limits

Co-author Dr. Florence Schubotz, an organic geochemist at MARUM -- Center for Marine Environmental Sciences at the University of Bremen, emphasizes how remarkable the discovery is. "What is fascinating about these findings is that life under these extreme conditions, such as high pH and low organic carbon concentrations, is even possible," she says. "Until now, the presence of methane-producing microorganisms in this system has been presumed, but could not be directly confirmed. Furthermore, it is simply exciting to obtain insights into such a microbial habitat because we suspect that primordial life could have originated at precisely such sites."

Uncovering Hidden Volcanoes Beneath the Pacific

The team's samples came from sediment cores collected in 2022 during Expedition SO 292/2 aboard the Research Vessel Sonne. During this mission, scientists discovered previously unknown mud volcanoes in the Mariana forearc region and were able to collect samples directly from them.

The work forms part of the Cluster of Excellence "The Ocean Floor -- Earth's Uncharted Interface." Building on their findings, Kumawat and his colleagues now plan to cultivate these microorganisms in controlled incubators to learn more about how they obtain nutrients and persist in such inhospitable environments.
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Microbes that breathe rust could help save Earth's oceans | ScienceDaily
An international research team led by microbiologists Marc Mussmann and Alexander Loy at the University of Vienna has uncovered a completely new type of microbial metabolism. The newly identified microorganisms, known as MISO bacteria, are able to "breathe" iron minerals by oxidizing toxic sulfide. The scientists discovered that the reaction between hydrogen sulfide -- a poisonous gas -- and solid iron minerals is not only a chemical process, but also a biological one. In this newly revealed pathway, adaptable microbes living in marine sediments and wetland soils remove toxic sulfide and use it as an energy source for growth. These bacteria may also play an important role in preventing the expansion of oxygen-depleted "dead zones" in aquatic ecosystems.


						
The findings were recently published in Nature.

How Microbes Power Earth's Element Cycles

The movement of key elements such as carbon, nitrogen, sulfur, and iron through the environment occurs through what are known as biogeochemical cycles. These transformations take place through reduction and oxidation (redox) reactions that move elements between air, water, soil, rocks, and living things. Because these cycles regulate greenhouse gases, they have a direct influence on Earth's climate and temperature balance. Microorganisms drive nearly every step of these processes, using substances like sulfur and iron for respiration in much the same way humans rely on oxygen to metabolize food.

Sulfur and iron are particularly essential for microbial communities that live in oxygen-deprived habitats such as ocean floors, wetlands, and sediments. Sulfur can exist as a gas in the atmosphere, as sulfate dissolved in seawater, or locked within mineral deposits. Iron, on the other hand, shifts between different chemical forms depending on the availability of oxygen. When microbes process sulfur, they frequently change the form of iron at the same time, creating a tightly linked relationship between the two elements. This coupling affects nutrient cycling and influences the production or consumption of greenhouse gases like carbon dioxide and methane. Understanding these connections helps scientists predict how natural systems respond to environmental changes, including pollution and global warming.

Microbes That Use Iron to Eliminate Toxic Sulfide

In oxygen-poor settings such as marine sediments, wetlands, and underground aquifers, certain microbes produce hydrogen sulfide, a foul-smelling and highly toxic gas. Interactions between this sulfide and iron(III) oxide minerals -- essentially rust -- help keep sulfide levels under control. Until now, scientists thought this process happened only through chemical reactions that created elemental sulfur and iron monosulfide (FeS), the black mineral responsible for the dark color of low-oxygen beach sands.




"We show that this environmentally important redox reaction is not solely chemical," says Alexander Loy, research group leader at CeMESS, the Centre for Microbiology and Environmental Systems Science at the University of Vienna. "Microorganisms can also harness it for growth."

The team's discovery reveals a new form of microbial energy production called MISO. This process connects the reduction of iron(III) oxide with the oxidation of sulfide. Unlike a purely chemical reaction, MISO directly generates sulfate, skipping intermediate steps in the sulfur cycle. "MISO bacteria remove toxic sulfide and may help prevent the expansion of so-called 'dead zones' in aquatic environments, while fixing carbon dioxide for growth -- similar to plants," adds Marc Mussmann, senior scientist at CeMESS.

A Fast, Widespread Process That Shapes the Planet

In laboratory experiments, the researchers found that the MISO reaction carried out by microbes happens faster than the same reaction when it occurs chemically. This indicates that microorganisms are likely the main force behind this transformation in natural environments. "Diverse bacteria and archaea possess the genetic capacity for MISO," explains lead author Song-Can Chen, "and they are found in a wide range of natural and human-made environments."

According to the study, MISO activity in marine sediments could be responsible for as much as 7% of all global sulfide oxidation to sulfate. This process is fueled by the steady flow of reactive iron entering the oceans from rivers and melting glaciers. The research, supported by the Austrian Science Fund (FWF) as part of the 'Microbiomes Drive Planetary Health' Cluster of Excellence, identifies a new biological mechanism linking the cycling of sulfur, iron, and carbon in oxygen-free environments.

"This discovery demonstrates the metabolic ingenuity of microorganisms and highlights their indispensable role in shaping Earth's global element cycles," concludes Alexander Loy.
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New bacterial therapy destroys cancer without the immune system | ScienceDaily
A research team led by Professor Eijiro Miyako at the Japan Advanced Institute of Science and Technology (JAIST), in collaboration with Daiichi Sankyo Co., Ltd. and the University of Tsukuba, has created an innovative cancer treatment that works without relying on the immune system. The new approach uses a unique microbial partnership known as AUN, forming the foundation of an immune-independent bacterial therapy.


						
The concept of bacterial cancer therapy dates back to 1868, when German physician Busch reported that a cancer patient deliberately infected with bacteria later experienced remission. In 1893, Dr. William Coley further advanced this idea by developing bacterial-based treatments, paving the way for modern immunotherapies such as checkpoint inhibitors and CAR-T cell therapies.

While these treatments have transformed cancer care, they share a major drawback: they depend heavily on the immune system. For patients whose immunity is weakened by chemotherapy or radiotherapy, such therapies often fail to work effectively.

AUN: Two Bacteria in Perfect Balance

The newly developed AUN therapy directly overcomes this limitation. It is made up of two naturally occurring bacterial species:
    	Proteus mirabilis (A-gyo), a bacterium that naturally resides in tumors
    	Rhodopseudomonas palustris (UN-gyo), a photosynthetic bacterium

Together, these bacteria act in harmony to destroy cancer cells in both animal and human models. Remarkably, they succeed even when immune function is impaired. AUN has shown strong compatibility with the human body and few side effects, including suppression of cytokine release syndrome (CRS), a potentially dangerous immune reaction.

How AUN Works to Eliminate Tumors

The AUN consortium achieves its tumor-fighting power through a series of coordinated mechanisms:
    	Precisely targeting and destroying tumor blood vessels and cancer cells
    	Undergoing a structural transformation in A-gyo (filamentation) triggered by tumor-specific metabolites, which enhances its ability to kill cancer cells
    	Adjusting the bacterial ratio inside the tumor environment, shifting from an initial mix of roughly 3:97 (A-gyo to UN-gyo) to about 99:1, maximizing its therapeutic strength
    	Reducing toxicity and minimizing side effects, including avoidance of CRS




Harmony Between Opposites

UN-gyo only becomes active and beneficial when paired with A-gyo, serving as a regulator that curbs harmful bacterial activity while increasing their cancer-killing precision. This mutual cooperation embodies the Japanese concept of "AUN," symbolizing balance and harmony between opposites. It is this finely tuned relationship that gives the therapy its exceptional results, achieving what traditional immune-dependent treatments could not.

Toward Clinical Trials and a New Era in Cancer Therapy

"We are preparing to launch a startup to advance this technology and hope to begin clinical trials within six years," explained Professor Miyako. "A new chapter in bacteria-based cancer therapy -- pursued for over 150 years -- is finally beginning."

This groundbreaking method marks a turning point for cancer patients with weakened immune systems. It offers a long-sought option where conventional immunotherapies fall short, signaling the arrival of truly immune-independent cancer treatment.

The findings have been published in Nature Biomedical Engineering.
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AI unravels the hidden communication of gut microbes | ScienceDaily
Gut bacteria play a major role in human health, influencing everything from digestion to immunity and mood. Yet, the microbiome's complexity is staggering. The sheer number of bacterial species and their interactions with human chemistry have made it difficult for scientists to fully understand their effects. In a groundbreaking step, researchers at the University of Tokyo applied a type of artificial intelligence known as a Bayesian neural network to study gut bacteria. Their goal was to uncover connections that traditional data analysis methods often miss.


						
While the human body contains roughly 30 to 40 trillion human cells, the intestines alone harbor about 100 trillion bacterial cells. In other words, we carry more bacterial cells than our own. These microbes aren't just involved in digestion; they also produce and modify thousands of compounds called metabolites. These small molecules act as chemical messengers, circulating through the body and influencing metabolism, immunity, and even brain function. Understanding how specific bacteria produce particular metabolites could unlock new ways to support overall health.

Mapping the Microbial Puzzle

"The problem is that we're only beginning to understand which bacteria produce which human metabolites and how these relationships change in different diseases," explained Project Researcher Tung Dang from the Tsunoda lab in the Department of Biological Sciences. "By accurately mapping these bacteria-chemical relationships, we could potentially develop personalized treatments. Imagine being able to grow a specific bacterium to produce beneficial human metabolites or designing targeted therapies that modify these metabolites to treat diseases."

The main challenge lies in the sheer scale of the data. With countless bacteria and metabolites interacting in complex ways, identifying meaningful patterns is extremely difficult. To tackle this, Dang and his team turned to advanced artificial intelligence (AI) methods.

Their system, called VBayesMM, uses a Bayesian approach to detect which bacterial groups significantly influence particular metabolites. It also measures uncertainty in its predictions, helping prevent overconfident but incorrect conclusions. "When tested on real data from sleep disorder, obesity and cancer studies, our approach consistently outperformed existing methods and identified specific bacterial families that align with known biological processes," said Dang. "[This gives] confidence that it discovers real biological relationships rather than meaningless statistical patterns."

Understanding the System's Strengths and Limits

Because VBayesMM can recognize and communicate uncertainty, it provides researchers with more trustworthy insights than earlier tools. Although it's optimized for large-scale data, analyzing massive microbiome datasets remains computationally demanding. Over time, however, these costs are expected to decrease as processing power improves. The system also performs best when there is extensive bacterial data compared to metabolite data; otherwise, accuracy can drop. Another limitation is that VBayesMM treats bacteria as independent actors, even though they often interact in complex, interdependent networks.

"We plan to work with more comprehensive chemical datasets that capture the complete range of bacterial products, though this creates new challenges in determining whether chemicals come from bacteria, the human body or external sources like diet," said Dang. "We also aim to make VBayesMM more robust when analyzing diverse patient populations, incorporating bacterial 'family tree' relationships to make better predictions, and further reducing the computational time needed for analysis. For clinical applications, the ultimate goal is identifying specific bacterial targets for treatments or dietary interventions that could actually help patients, moving from basic research toward practical medical applications."

By using AI to navigate the vast and intricate world of gut microbes, researchers are moving closer to unlocking the microbiome's potential to transform personalized medicine.
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A simple DNA test could reveal the right antidepressant for you | ScienceDaily
Depression and anxiety are the most widespread mental health disorders in the world. Around 300 million people live with depression, and roughly 301 million have an anxiety disorder, affecting nearly 8 percent of the global population.


						
Yet for many, finding the right treatment can be a slow and frustrating process. When patients first seek help, the medications they're prescribed often fail to work. In fact, nearly half of all people treated for depression or anxiety experience little or no benefit from their initial prescription, forcing them to try multiple drugs over weeks or even months before finding relief.

A New Genetic Approach to Treatment

A research team from Germany, Sweden, and Denmark believes they may have found a solution. They've developed a genetic approach that could help doctors predict which antidepressant or anti-anxiety medication will actually work for a specific person.

The method uses what are known as polygenic risk scores (PRS), which analyze a person's DNA to assess how their genetic variations might influence their response to certain medications. With just one genetic test, scientists can now estimate which drugs are most likely to help an individual patient.

Although this technique has so far only been tested using genetic research databases rather than real patients, the results are promising.

Lead author Professor Fredrik Ahs from the Department of Psychology and Social Work at Mid Sweden University hopes to move the research into clinical trials soon.




"We believe this technology could be used to develop more targeted tests. The long-term goal is a test that doctors can use to choose the right medicine, and looking at our genes is one way of doing it," Ahs says. "We're interested in looking into biomarkers as well. Hopefully, in the future, we'll have a cheap and effective test that enables us to alleviate people's suffering much faster."

Building on Genetic Research from Aarhus University

The project began two years ago when Ahs reached out to Professor Doug Speed from the Center for Quantitative Genetics and Genomics at Aarhus University in Denmark. Ahs wanted to apply Speed's advanced polygenic risk score models to his research on mental health treatment.

Speed has spent years refining ways to analyze complex human genetic data, focusing especially on how genes influence psychological conditions.

"The last 10 years, we've been working towards using polygenic risk scores to predict disease. It's very challenging because many diseases are caused by thousands of variations across the genome," Speed explains. "It turns out that these polygenic risk scores can predict our response to drugs, which is a bit surprising, but a significant step forward."

He has already developed PRS models for several psychiatric disorders, including schizophrenia, anxiety, bipolar disorder, and depression -- all of which were used in this new study.




What Are Polygenic Risk Scores?

Since the mapping of the human genome in the early 2000s, scientists have discovered thousands of small variations in DNA that can influence health. Humans have roughly 20,000 genes, and each comes in multiple versions (known as alleles). Some alleles are linked to a higher likelihood of developing specific diseases.

Researchers like Speed compile this information to create polygenic risk scores -- tools that combine the effects of many genetic variations to estimate a person's risk for certain conditions.

When developing a PRS for depression, for example, researchers analyze a person's genome to see how many depression-linked variants they carry. The more risk-associated variations present, the higher the individual's genetic risk score. Some variants, however, have a stronger influence than others.

Twin Data Reveals How Genes Affect Drug Response

Polygenic risk scores don't diagnose mental illnesses. Instead, they estimate the likelihood of developing one. But they may also help explain why some treatments work better for certain people.

To explore this, Ahs and his team applied polygenic risk scores to data from the Swedish Twin Registry, the largest of its kind in the world. This database allows researchers to compare the relative effects of genetics and environment on health and behavior.

Because twins share nearly identical DNA, patterns that appear consistently across twin pairs often point to genetic causes. Ahs identified 2,515 individuals from the registry who had been prescribed medications for depression or anxiety. By examining which drugs they used, whether they switched prescriptions, and how their treatment progressed, the researchers could infer which medications were most effective.

"We then looked at the polygenic risk scores of these individuals, and it became clear that if you had a higher risk score for depression or anxiety, drugs like benzodiazepine and histamines had a smaller effect," Ahs says. "More research is needed, but hopefully, we'll be able to develop accurate tests in the future that can predict which kind of drugs will most likely have an effect on you."

Important Limitations and Next Steps

Like most scientific research, the study has some limitations. Ahs explains that while the dataset was extensive, it wasn't perfect.

"The data on the patient's response and nonresponse to different drugs was based on which drugs were prescribed to them, not clinical notes. We can infer a lot from the prescription data, but we can't be sure if there was a slight bias," he says.

"In other words, we don't know exactly why they changed drugs. Was it because of side effects, lack of remission, or something else? We did compare our results with other studies that used clinical assessment, and they were consistent with ours."

The researchers also had to restrict their analysis to a specific time window, meaning some earlier prescriptions may not have been included.

"This might have influenced the number of individuals who received only one drug in our study. Some of them could have received other drugs before that weren't registered in our data. That's one of the reasons why we want to do a clinical follow-up study," Ahs adds.

Toward Personalized Psychiatry

Although more research is needed, the findings suggest a future where choosing an antidepressant might no longer depend on trial and error. A simple genetic test could one day help doctors match patients with the most effective treatment from the start -- potentially saving time, reducing side effects, and improving lives for millions around the world.
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Astronomers shocked by mysterious gas found in deep space | ScienceDaily
Phosphorus is one of six essential elements that make life on Earth possible. When it bonds with hydrogen, it forms phosphine (PH3), a highly toxic and explosive gas. This compound is found in the atmospheres of the gas giants Jupiter and Saturn and has long been viewed as a potential biosignature for anaerobic life. On Earth, phosphine arises naturally from decaying organic material in swamps, but on other planets, it is rare and intriguing.


						
A research team led by University of California San Diego Professor of Astronomy and Astrophysics Adam Burgasser has now detected phosphine in the atmosphere of a cool, ancient brown dwarf known as Wolf 1130C. Their findings were recently published in Science.

The team made the discovery using the James Webb Space Telescope (JWST), the first instrument powerful enough to analyze these dim, low-temperature objects in detail. The surprising part, however, is not that phosphine was found -- but that it appears absent from other brown dwarfs and gas giant exoplanets where scientists expected it.

Probing the Chemistry of Ancient Stars

"Our astronomy program, called Arcana of the Ancients, focuses on old, metal-poor brown dwarfs as a means of testing our understanding of atmospheric chemistry," said Burgasser. "Understanding the problem with phosphine was one of our first goals."

Under normal conditions, phosphine naturally forms in the hydrogen-rich atmospheres of gas giants like Jupiter and Saturn. Because of that, researchers have long assumed it should also exist in similar environments around other stars, including brown dwarfs, which are sometimes called "failed stars" because they are too small to fuse hydrogen like true stars.

Yet phosphine has been elusive in previous JWST observations, hinting that something might be missing in our understanding of phosphorus chemistry. "Prior to JWST, phosphine was expected to be abundant in exoplanet and brown dwarf atmospheres, following theoretical predictions based on the turbulent mixing we know exists in these sources," explained co-author Sam Beiler, a postdoctoral scholar at Trinity College Dublin who recently earned his doctorate from the University of Toledo.




Beiler, who has led earlier studies investigating this very absence, added, "Every observation we've obtained with JWST has challenged the theoretical predictions -- that is until we observed Wolf 1130C."

The Unusual System of Wolf 1130ABC

Wolf 1130C is part of a complex three-star system located 54 light-years away in the constellation Cygnus. The brown dwarf orbits a close binary composed of a cool red star (Wolf 1130A) and a dense white dwarf (Wolf 1130B). Astronomers have long been interested in this system because Wolf 1130C contains far fewer "metals" (elements heavier than hydrogen and helium) than the Sun, providing a valuable laboratory for studying primitive cosmic chemistry.

Unlike in previous brown dwarf observations, the JWST data revealed a strong infrared signal from phosphine in Wolf 1130C's atmosphere. To understand how much of the gas was present, the team turned to Assistant Professor Eileen Gonzales from San Francisco State University, who specializes in atmospheric modeling.

"To determine the abundances of molecules in Wolf 1130C, I used a modeling technique known as atmospheric retrievals," said Gonzales. "This technique uses the JWST data to back out how much of each molecular gas species should be in the atmosphere. It's like reverse engineering a really delicious cookie when the chef wouldn't give up the recipe."

Her analysis confirmed that phosphine was present in the predicted amount -- about 100 parts per billion.




Why This Brown Dwarf and Not Others?

The discovery raises a new question: why does this particular brown dwarf contain phosphine while others do not? One possibility involves the object's unusual chemical composition. "It may be that in normal conditions phosphorus is bound up in another molecule such as phosphorus trioxide," explained Beiler. "In the metal-depleted atmosphere of Wolf 1130C, there isn't enough oxygen to take up the phosphorus, allowing phosphine to form from the abundant hydrogen."

The team plans to test this idea through upcoming JWST observations of other metal-poor brown dwarfs to see if the same pattern appears.

A Clue from a Dying Star

Another hypothesis is that phosphorus may have been produced locally within the Wolf 1130ABC system, specifically by its white dwarf, Wolf 1130B. "A white dwarf is the leftover husk of a star that has finished fusing its hydrogen," said Burgasser. "They are so dense that when they accrete material on their surface they can undergo runaway nuclear reactions, which we detect as novae."

Although astronomers have not observed any nova events in this system in recent history, such outbursts often recur every few thousand years. Because Wolf 1130ABC has been known for only about a century, earlier eruptions could have gone unnoticed, leaving behind traces of phosphorus in the surrounding space. Previous research has suggested that many of the Milky Way's phosphorus atoms may have originated from these stellar explosions.

Unraveling the Origins of Phosphorus in the Cosmos

Understanding why Wolf 1130C contains clear evidence of phosphine could offer important insights into how phosphorus forms in the galaxy and how it behaves in planetary atmospheres. As Burgasser explained, "Understanding phosphine chemistry in the atmospheres of brown dwarfs where we don't expect life is crucial if we hope to use this molecule in the search for life on terrestrial worlds beyond our solar system."

This work was supported by NASA/STScI (NAS 5-03127 and AR-2232) and the Heising-Simons Foundation.
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Supercomputer breakthrough exposes Enceladus's hidden ocean | ScienceDaily

Centuries later, NASA's Cassini-Huygens (Cassini) mission pushed that exploration forward. Starting in 2005, it returned striking images that reshaped scientists' understanding of Saturn. Among the most dramatic findings were the towering geysers on the icy moon Enceladus that hurled debris into space and produced a faint sub-ring around the planet.

New Simulations: How Much Ice Escapes Enceladus

Recent supercomputer simulations from the Texas Advanced Computing Center (TACC), built on data from the Cassini spacecraft, refined estimates of how much ice Enceladus loses to space. The results support planning for future robotic exploration and deepen insight into conditions beneath the moon's surface, which could be suitable for life.

"The mass flow rates from Enceladus are between 20 to 40 percent lower than what you find in the scientific literature," said Arnaud Mahieux, a senior researcher at the Royal Belgian Institute for Space Aeronomy and an affiliate of the UT Austin Department of Aerospace Engineering & Engineering Mechanics.

Modeling the Plumes: DSMC Approach and Progress

Mahieux is the corresponding author of a computational study of Enceladus published August 2025 in the Journal of Geophysical Research: Planets. In this work, he and collaborators created Direct Simulation Monte Carlo (DSMC) models to better characterize the structure and behavior of the enormous plumes of water vapor and icy grains expelled from vents at the surface of Enceladus.




The study extends earlier research from 2019 led by Mahieux that first applied DSMC models to deduce the starting conditions for the plumes, including vent size, the ratio of water vapor to ice grains, temperature, and exit speed.

"DSMC simulations are very expensive," Mahieux said. "We used TACC supercomputers back in 2015 to obtain the parameterizations to reduce computation time from 48 hours then to just a few milliseconds now."

Using these mathematical parameterizations and Cassini's in-situ measurements as it flew through the plumes, the team calculated plume density and velocity for Enceladus's cryovolcanic activity.

"The main finding of our new study is that for 100 cryovolcanic sources, we could constrain the mass flow rates and other parameters that were not derived before, such as the temperature at which the material was exiting. This is a big step forward in understanding what's happening on Enceladus," Mahieux said.

A Small World With Powerful Jets

Enceladus spans only 313 miles across, and its weak gravity cannot fully retain the icy jets that erupt from its vents. The DSMC models account for this. Earlier techniques treated the physics and gas dynamics less rigorously than the DSMC method. What Enceladus does is akin to a volcano hurling lava into space -- except the ejecta are plumes of water vapor and ice.




The simulations track gas behavior at the microscopic level as particles move, collide, and exchange energy, much like marbles striking one another. They simulate several millions of molecules on microsecond time steps. The DSMC approach also enables calculations at lower, more realistic pressures than before, with longer travel times between collisions.

David Goldstein, UT Austin professor and study co-author, led development in 2011 of the DSMC code called Planet. TACC provided Goldstein with allocations on the Lonestar6 and Stampede3 systems through The University of Texas Research cyberinfrastructure portal, which supports researchers at all 14 UT system institutions.

"TACC systems have a wonderful architecture that offer a lot of flexibility," Mahieux said. "If we're using the DSMC code on just a laptop, we could only simulate tiny domains. Thanks to TACC, we can simulate from the surface of Enceladus up to 10 kilometers of altitude, where the plumes expand into space."

Ocean Worlds Beyond the Snow Line

Saturn lies beyond the solar system's "snow line," along with other giant planets that host icy moons, including Jupiter, Uranus, and Neptune.

"There is an ocean of liquid water under these 'big balls of ice,'" Mahieux said. "These are many other worlds, besides the Earth, which have a liquid ocean. The plumes at Enceladus open a window to the underground conditions."

What's Next: Missions and the Search for Life

NASA and the European Space Agency are preparing mission concepts to revisit Enceladus that extend beyond brief flybys. Plans include landing on the surface and drilling through the ice to sample the underlying ocean in a search for signs of life beneath miles of ice. By analyzing the plume material, scientists can assess subsurface conditions without penetrating the crust.

"Supercomputers can give us answers to questions we couldn't dream of asking even 10 or 15 years ago," Mahieux said. "We can now get much closer to simulating what nature is doing."
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Dark energy might be changing and so is the Universe | ScienceDaily

Recent observations have started to challenge this long-held view. Data from the Dark Energy Spectroscopic Instrument (DESI) -- an advanced project that maps the distribution of galaxies across the Universe -- suggests the possibility of a dynamic dark energy (DDE) component. Such a finding would mark a significant shift from the standard LCDM model. While this points to a more intricate and evolving cosmic story, it also exposes a major gap in understanding: how a time-dependent dark energy might shape the formation and growth of cosmic structures remains unclear.

Simulating an Evolving Universe

To explore this mystery, a team led by Associate Professor Tomoaki Ishiyama of Chiba University's Digital Transformation Enhancement Council in Japan carried out one of the most extensive cosmological simulations ever performed. Collaborators included Francisco Prada of the Instituto de Astrofisica de Andalucia in Spain and Anatoly A. Klypin of New Mexico State University in the United States. Their study, published in Physical Review D (Volume 112, Issue 4), investigated how a time-varying dark energy could influence the evolution of the cosmos and help interpret future astronomical observations.

Using Japan's flagship supercomputer, Fugaku, the researchers executed three large, high-resolution N-body simulations, each with a computational volume eight times greater than previous work. One simulation followed the standard Planck-2018 LCDM model, while two others incorporated dynamic dark energy. By comparing the DDE model with fixed parameters to the standard model, they were able to isolate the effects of a changing dark energy component. A third simulation used parameters drawn from DESI's first-year data, revealing how an "updated" cosmological model might behave if dark energy truly varies with time.

How a Small Change Can Reshape the Universe

The results showed that the influence of dark energy variations alone was relatively subtle. However, once the researchers adjusted the cosmological parameters in line with DESI data -- particularly increasing the matter density by about 10% -- the differences became striking. A higher matter density strengthens gravitational attraction, which accelerates the formation of massive clusters of galaxies. In this scenario, the DESI-based DDE model predicted as much as 70% more massive clusters in the early Universe than the standard model. These clusters form the cosmic framework on which galaxies and galaxy groups assemble.




The team also examined baryonic acoustic oscillations (BAOs) -- patterns left behind by sound waves in the early Universe that serve as "cosmic rulers" for measuring distances. In the DESI-derived DDE simulation, the BAO peak shifted by 3.71% toward smaller scales, closely matching DESI's actual observations. This strong agreement confirmed that the model not only reflects theoretical predictions but also aligns well with real-world data.

Mapping Galaxy Clusters and Cosmic Structure

In addition, the researchers analyzed how galaxies cluster throughout the cosmos. The DESI-based DDE model produced noticeably stronger clustering than the standard LCDM version, particularly on smaller scales. The enhanced clustering directly results from the higher matter density, which amplifies gravitational binding. This close match between simulation and observation further supports the validity of the dynamic dark energy model.

Overall, the team's findings clarify how both dark energy and matter density shape the large-scale structure of the Universe. "Our large simulations demonstrate that variations in cosmological parameters, particularly the matter density in the Universe, have a greater influence on structure formation than the DDE component alone," says Dr. Ishiyama.

Preparing for the Next Generation of Cosmic Surveys

With new observational campaigns on the horizon, these simulations will play a crucial role in interpreting upcoming results. "In the near future, large-scale galaxy surveys from the Subaru Prime Focus Spectrograph and DESI are expected to significantly improve measurements of cosmological parameters. This study provides a theoretical basis for interpreting such upcoming data," concludes Dr. Ishiyama.
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DNA's hidden power could transform how we make medicines | ScienceDaily
Researchers at the National University of Singapore (NUS) have uncovered a new way to use deoxyribonucleic acid (DNA). Beyond carrying genetic information, DNA can also serve as a tool for creating medicines more efficiently. Specific regions of DNA known as phosphates act like tiny "hands" that guide chemical reactions to form the correct mirror-image version of a compound.


						
Many medicines are chiral, meaning they exist in two mirror-image forms -- similar to a pair of hands -- that can behave differently inside the body. One version may effectively treat disease, while the other could have little benefit or even cause harm. Producing only the desired form is a major challenge in drug development, but the new DNA-guided method could make this process cleaner, simpler, and more environmentally sustainable.

DNA and proteins naturally attract one another in living cells because DNA's phosphate groups carry a negative charge, while many amino acids are positively charged. The NUS team, led by Assistant Professor Zhu Ru-Yi from the Department of Chemistry, wondered whether this same type of attraction could help control chemical reactions in the lab. Their goal was to see if DNA could guide molecules to react in specific, predictable ways.

How DNA's Phosphates Guide Chemistry

The researchers found that certain phosphate groups in DNA can pull in positively charged molecules during a chemical reaction, helping them align correctly -- much like a magnet drawing a metal bead into place. This process, known as "ion pairing," keeps the reacting molecules close together and oriented just right to produce a single, desired mirror-image product. The team showed that this guiding effect works across several different chemical reactions.

To pinpoint which phosphates were responsible for this guiding ability, the team created a new experimental approach called "PS scanning." They systematically replaced individual phosphate sites in the DNA with nearly identical substitutes and repeated their tests. When swapping out a phosphate reduced the selectivity of the reaction, it revealed that the original site played a crucial role. To confirm their findings, they collaborated with Professor Zhang Xinglong from The Chinese University of Hong Kong, who used computer simulations to validate the experimental results.

The work was published in Nature Catalysis on October 31, 2025.




DNA as a Green Chemistry Tool

Asst Prof Zhu explained, "Nature never uses DNA phosphates as catalysts, but we have shown that if designed properly, they can act like artificial enzymes."

He added that the discovery could make chemical manufacturing both more sustainable and more efficient, especially when producing complex, high-value pharmaceuticals.

The team plans to continue exploring how DNA phosphates can be used to design and produce chiral (mirror-image) compounds for next-generation drug development.
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Stanford discovers an extraordinary crystal that could transform quantum tech | ScienceDaily
    	Stanford engineers have discovered a standout material, strontium titanate (STO), that performs even better in extreme cold. Instead of weakening, its optical and mechanical properties improve at cryogenic temperatures.
    	STO outperforms every comparable material tested in low-temperature environments, revealing exceptional strength, stability, and tunability.
    	Its unique capabilities could accelerate advances in quantum computing, laser systems, and space exploration, where high performance under freezing conditions is essential.

Superconductivity and quantum computing have moved from theoretical physics into real-world innovation. The 2025 Nobel Prize in Physics recognized breakthroughs in superconducting quantum circuits that could lead to ultra-powerful computers. Yet many of these technologies only function at cryogenic temperatures (near absolute zero), where most materials lose their defining properties. Finding materials that perform under such extreme cold has long been one of science's biggest hurdles.

A Crystal That Defies the Cold

In a new Science publication, engineers at Stanford University report a breakthrough with strontium titanate (STO), a material that not only maintains but enhances its optical and mechanical performance in freezing conditions. Instead of deteriorating, it becomes significantly more capable, outperforming other known materials by a wide margin. The researchers believe this discovery could open the door to a new class of light-based and mechanical cryogenic devices that propel quantum computing, space exploration, and other advanced technologies.

"Strontium titanate has electro-optic effects 40 times stronger than the most-used electro-optic material today. But it also works at cryogenic temperatures, which is beneficial for building quantum transducers and switches that are current bottlenecks in quantum technologies," explained the study's senior author Jelena Vuckovic, professor of electrical engineering at Stanford.

Pushing the Limits of Performance

STO's optical behavior is "non-linear," meaning that when an electric field is applied, its optical and mechanical properties shift dramatically. This electro-optic effect allows scientists to adjust the frequency, intensity, phase, and direction of light in ways that other materials cannot. Such versatility could enable entirely new types of low-temperature devices.




STO is also piezoelectric, meaning it physically expands and contracts in response to electric fields. This makes it ideal for developing new electromechanical components that function efficiently in extreme cold. According to the researchers, these capabilities could be especially valuable for use in the vacuum of space or in the cryogenic fuel systems of rockets.

"At low temperature, not only is strontium titanate the most electrically tunable optical material we know of, but it's also the most piezoelectrically tunable material," said Christopher Anderson, co-first author and now a faculty member at the University of Illinois, Urbana-Champaign.

An Overlooked Material Finds New Purpose

Strontium titanate is not a newly discovered substance. It has been studied for decades and is inexpensive and abundant. "STO is not particularly special. It's not rare. It's not expensive," said co-first author Giovanni Scuri, a postdoctoral scholar in Vuckovic's lab. "In fact, it has often been used as a diamond substitute in jewelry or as a substrate for growing other, more valuable materials. Despite being a 'textbook' material, it performs exceptionally well in a cryogenic context."

The decision to test STO was guided by an understanding of what characteristics make materials highly tunable. "We knew what ingredients we needed to make a highly tunable material. We found those ingredients already existed in nature, and we simply used them in a new recipe. STO was the obvious choice," Anderson said. "When we tried it, surprisingly, it matched our expectations perfectly."

Scuri added that the framework they developed could help identify or enhance other nonlinear materials for a variety of operating conditions.




Record-Breaking Performance at Near Absolute Zero

When tested at 5 Kelvin (-450degF), STO's performance stunned researchers. Its nonlinear optical response was 20 times greater than that of lithium niobate, the leading nonlinear optical material, and nearly triple that of barium titanate, the previous cryogenic benchmark.

To push its properties even further, the team replaced certain oxygen atoms in the crystal with heavier isotopes. This adjustment moved STO closer to a state called quantum criticality, producing even greater tunability.

"By adding just two neutrons to exactly 33 percent of the oxygen atoms in the material, the resulting tunability increased by a factor of four," Anderson said. "We precisely tuned our recipe to get the best possible performance."

Building the Future of Cryogenic Devices

According to the team, STO also offers practical advantages that could make it appealing to engineers. It can be synthesized, structurally modified, and fabricated at wafer scale using existing semiconductor equipment. These features make it well-suited for next-generation quantum devices, such as laser-based switches used to control and transmit quantum information.

The research was partially funded by Samsung Electronics and Google's quantum computing division, both of which are searching for materials to advance their quantum hardware. The team's next goal is to design fully functional cryogenic devices based on STO's unique properties.

"We found this material on the shelf. We used it and it was amazing. We understood why it was good. Then the cherry on the top -- we knew how to do better, added that special sauce, and we made the world's best material for these applications," Anderson said. "It's a great story."

Alongside Samsung and Google, the study received support from a Vannevar Bush Faculty Fellowship through the U.S. Department of Defense and the Department of Energy's Q-NEXT program.

Contributors include Aaron Chan and Lu Li from the University of Michigan; Sungjun Eun, Alexander D. White, Geun Ho Ahn, Amir Safavi-Naeini, and Kasper Van Gasse from Stanford's E. L. Ginzton Laboratory; and Christine Jilly from the Stanford Nano Shared Facilities.
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"Really bizarre" quantum discovery defies the rules of physics | ScienceDaily
Lu Li, a physicist who studies advanced materials, knows that people often want to hear how his research could lead to new technologies or practical breakthroughs. But sometimes, what he uncovers is so unusual that its value lies purely in revealing how strange the universe can be.


						
Working with an international team of scientists, Li has made one of those discoveries, recently described in Physical Review Letters.

"I would love to claim that there's a great application, but my work keeps pushing that dream further away," said Li, a professor of physics at the University of Michigan. "But what we've found is still really bizarre and exciting."

Quantum Oscillations: When Electrons Act Like Springs

Supported by the U.S. National Science Foundation and the U.S. Department of Energy, the research focuses on a puzzling effect called quantum oscillations. In metals, these oscillations occur when electrons behave like tiny springs, vibrating in response to magnetic fields. By changing the magnetic field's strength, scientists can alter how quickly these "electron springs" move.

In recent years, however, researchers have discovered the same quantum oscillations in insulators -- materials that should not conduct electricity or heat. That revelation has left scientists debating whether the effect originates only on the surface of these materials or deep within their interior (known as the bulk).

Searching for Answers Inside the Material

If the oscillations came from the surface, that would be particularly exciting for potential technologies. Materials called topological insulators, which conduct electricity on their surfaces while remaining insulating inside, are already being studied for new kinds of electronic, optical, and quantum devices.




To explore the mystery, Li and his collaborators turned to the National Magnetic Field Laboratory, home to the most powerful magnets in the world. Their experiments revealed that the oscillations were not just a surface effect. Instead, they came from the bulk of the material itself.

"I wish I knew what to do with that, but at this stage we have no idea," Li admitted. "What we have right now is experimental evidence of a remarkable phenomenon, we've recorded it and, hopefully, at some point, we'll realize how to use it."

A Global Collaboration and a Clear Result

The study involved more than a dozen scientists from six institutions in the United States and Japan, including research fellow Kuan-Wen Chen and graduate students Yuan Zhu, Guoxin Zheng, Dechen Zhang, Aaron Chan, and Kaila Jenkins from the University of Michigan.

"For years, scientists have pursued the answer to a fundamental question about the carrier origin in this exotic insulator: Is it from the bulk or the surface, intrinsic or extrinsic?" said Chen. "We are excited to provide clear evidence that it is bulk and intrinsic."

A "New Duality" in Physics

Li describes the finding as part of what he calls a "new duality." The original, or "old," duality in physics emerged more than a century ago when scientists realized that light and matter can act as both waves and particles. That discovery transformed physics and led to technologies such as solar cells and electron microscopes.




The new duality, Li says, involves materials that can behave as both conductors and insulators. His team explored this idea using a compound called ytterbium boride (YbB12) inside a magnetic field so powerful that it reached 35 Tesla -- about 35 times stronger than the field inside a hospital MRI machine.

"Effectively, we're showing that this naive picture where we envisioned a surface with good conduction that's feasible to use in electronics is completely wrong," Li explained. "It's the whole compound that behaves like a metal even though it's an insulator."

Unlocking the Mystery of a "Crazy Metal"

Although this "metal-like" behavior only appears under extreme magnetic conditions, the finding raises new questions about how materials behave at the quantum level.

"Confirming that the oscillations are bulk and intrinsic is exciting," said Zhu. "We don't yet know what kind of neutral particles are responsible for the observation. We hope our findings motivate further experiments and theoretical work."

The project received additional support from the Institute for Complex Adaptive Matter, the Gordon and Betty Moore Foundation, the Japan Society for the Promotion of Science, and the Japan Science and Technology Agency.
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New laser treatment could stop blindness before it starts | ScienceDaily
Roughly one in three people over the age of 80 experiences age-related macular degeneration (AMD), a condition that affects the retina and leads to central vision loss. In the United States, about 20 million adults aged 40 and older are currently living with AMD. The vast majority have the "dry" form, which develops gradually and eventually causes difficulty seeing objects directly in front of them. Despite being one of the most common causes of vision impairment among older adults, there is still no effective treatment for dry AMD.


						
Researchers at Aalto University have identified a promising new way to slow or even halt the early stages of dry AMD. Their approach focuses on reinforcing the natural defense systems of retinal cells by applying controlled heat, according to Professor Ari Koskelainen.

"Cellular functionality and protective mechanisms weaken with age, which exposes the fundus [the inside surface at the back of the eye] to intense oxidative stress," Koskelainen explains. "Free oxygen radicals damage proteins, which causes them to misfold and aggregate, then fatty protein deposits called drusen begin to accumulate, which is the main diagnostic criterion for the dry form of age-related macular degeneration."

Using Heat to Trigger the Eye's Repair Response

The treatment involves carefully warming the affected tissue by several degrees, a challenging task because it is difficult to measure temperature behind the retina. Temperatures above 45 degrees Celsius can damage tissue, but the Aalto team developed a method that allows real-time temperature monitoring while heating the area with near infrared light. This enables safe, precise control while using heat to activate the eye's natural healing responses at a cellular level.

When proteins inside the eye misfold, cells can respond in several ways. One mechanism involves heat shock proteins, which are produced in response to stress and can help refold damaged proteins into their original structure. If that process fails, the faulty proteins are targeted for breakdown into amino acids so they can be recycled.

If protein build-up has already occurred, another mechanism called autophagy takes over. This process, discovered by Nobel laureate Yoshinori Ohsumi in 2016, encloses the accumulation within a lipid membrane similar to a cell membrane. Recognition proteins on the membrane's surface then signal lysosomal enzymes to begin breaking down and removing damaged material.




"We were able to show that we can activate not only the production of the heat shock proteins, but also autophagy using the heat shocks. This process is like waste disposal," says Koskelainen.

Promising Results and Next Steps

The new technique has already produced positive results in animal studies involving mice and pigs. Human clinical trials are scheduled to begin in Finland in the spring of 2026. The first phase will focus on confirming the safety of the laser treatment before moving on to determine how frequently it should be repeated for lasting results.

"The treatment needs to be repetitive, since the response can already begin to decline some days after the treatment," Koskelainen says.

The findings were published in Nature Communications on October 29. The research team has also launched a spin-off company, Maculaser, to help bring the therapy to clinical use.

"An optimistic schedule would see the method already being used in hospital eye clinics in as little as three years' time," Koskelainen adds. "The eventual goal is that it would be readily available at your local ophthalmologist."
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DNA in seawater reveals lost hammerhead sharks | ScienceDaily
A scientist at Florida International University (FIU) has created a revolutionary test that can detect small, hard-to-find hammerhead sharks without ever spotting them in the water -- a breakthrough that could help save species on the edge of extinction.


						
This innovative method identifies traces of the sharks' presence without catching or disturbing them. Acting like faint biological footprints left in the sea, it detects fragments of genetic material floating in the water to reveal where the sharks have been. In a recent study published in Frontiers in Marine Science, FIU marine biologist Diego Cardenosa, who works with FIU's Institute of Environment and the Global Forensic and Justice Center, demonstrated how the new test can help scientists locate and protect endangered shark species.

Tracking Elusive and Endangered Species

Smaller hammerhead species such as the scalloped bonnethead, scoophead, and Pacific bonnethead have been devastated by overfishing, leaving so few that researchers struggle to find or study them. Their habitats and movements remain poorly understood, making conservation difficult. Cardenosa's new environmental DNA (eDNA) technique could finally change that by helping scientists pinpoint where these critically endangered sharks still live.

"Just by screening different locations along their distribution range from Mexico to Northern Peru, we can identify high-priority areas where conservation resources might be needed," Cardenosa explained. "The short-term goal is to find these three species, as they're likely among the most critically endangered coastal sharks in the world."

Searching for the Last Refuges

Cardenosa believes these species were once common before decades of overfishing drastically reduced their populations. They now survive mostly in shallow, remote coastal regions that are difficult to monitor and where fishing regulations are weak. His research focuses on Colombia's Uramba/Bahia Malaga National Natural Park, one of the few places where these sharks might still be found.




"You can drop a hook and line there and, within 10 minutes, catch one or two of these species," he said. In most other places, sightings are nearly nonexistent. The scalloped bonnethead was last seen in Mexico in 1994, while the scoophead was last documented in 2007. In Honduras, one of these species was recently rediscovered after decades without a single record.

"That's how hard it is to find them," Cardenosa said. "It's on us if we want to act to protect them or if we just let them slip away."

Preserving a Piece of Evolutionary History

For Cardenosa, the mission is about more than conservation.

"A lot of these are some of the most derived or newest shark species on the evolutionary scale," he said. "If they disappear, we're also losing a piece of our planet's evolutionary history. Extinction is forever, and that's enough reason for me to do something."

A Powerful Tool for the Future of Marine Science

Cardenosa hopes his work will inspire greater awareness and appreciation for these often-overlooked sharks and demonstrate the power of environmental DNA.

"It's fascinating that you can take a simple water sample and know whether a species was there or not," he said.

By revealing where hammerheads still exist, this research helps guide conservation priorities and maximize the impact of protection efforts. Beyond hammerheads, the same water samples can hold genetic information about other marine life. Once collected, the DNA can be preserved in laboratories for years, allowing future scientists to study additional species that once swam through the same waters.
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Scientists find brain cells that could stop Alzheimer's | ScienceDaily
In Alzheimer's disease, the most common cause of dementia, microglia (the brain's immune cells) play a double role. They can protect the brain by clearing harmful debris or, under certain conditions, contribute to damage and inflammation. How these cells behave can strongly influence how the disease unfolds.


						
Scientists from the Icahn School of Medicine at Mount Sinai, together with researchers from the Max Planck Institute for Biology and Ageing in Cologne, Germany, The Rockefeller University, The City University of New York, and other international partners, have identified a unique group of microglia that appear to protect the brain. This discovery could pave the way for new treatment strategies aimed at slowing or preventing Alzheimer's disease.

In a study published November 5 in Nature, the team found that microglia with lower levels of a transcription factor called PU.1 and higher expression of a receptor known as CD28 help reduce brain inflammation. These specialized microglia also slow the buildup of amyloid plaques and the spread of toxic tau proteins, which are both major hallmarks of Alzheimer's.

PU.1 is a protein that binds to specific DNA regions, helping control which genes are activated or silenced. CD28, found on the surface of T cells, acts as a signaling receptor that supports immune cell activation and communication.

How Protective Microglia Work

Using mouse models of Alzheimer's, as well as human brain cells and tissue samples, the researchers showed that reducing PU.1 levels encourages microglia to express immune-regulating receptors typically found in lymphoid cells. Although these protective microglia make up only a small portion of total microglia, their effect is widespread: they suppress inflammation throughout the brain and help preserve memory and survival in mice.

When the scientists removed CD28 from this specific microglial subset, inflammation worsened and plaque growth increased, confirming that CD28 plays an essential role in keeping these brain-protective cells active.




"Microglia are not simply destructive responders in Alzheimer's disease -- they can become the brain's protectors," said Anne Schaefer, MD, PhD, Professor in the Nash Family Department of Neuroscience at the Icahn School of Medicine, Co-Director of the Center for Glial Biology at The Friedman Brain Institute, Director of the Max Planck Institute for Biology of Ageing, and senior author of the paper. "This finding extends our earlier observations on the remarkable plasticity of microglia states and their important roles in diverse brain functions. It also underscores the vital importance of international collaboration in advancing scientific progress."

"It is remarkable to see that molecules long known to immunologists for their roles in B and T lymphocytes also regulate microglial activity," added Alexander Tarakhovsky, MD, PhD, Dr. Plutarch Papamarkou Professor of Immunology, Virology, and Microbiology at The Rockefeller University and co-author of the paper. "This discovery comes at a time when regulatory T cells have achieved major recognition as master regulators of immunity, highlighting a shared logic of immune regulation across cell types. It also paves the way for immunotherapeutic strategies for Alzheimer's disease."

Genetic Clues Point to Lower Alzheimer's Risk

The research expands upon earlier genetic findings by Alison M. Goate, DPhil, Jean C. and James W. Crystal Professor of Genomics and Chair of the Department of Genetics and Genomic Sciences at the Icahn School of Medicine, founding director of the Ronald M. Loeb Center for Alzheimer's Disease at Mount Sinai, and a senior co-author of the study. Dr. Goate's prior work identified a common genetic variant in SPI1 (the gene responsible for producing PU.1) that is linked to a lower risk of developing Alzheimer's disease.

"These results provide a mechanistic explanation for why lower PU.1 levels are linked to reduced Alzheimer's disease risk," said Dr. Goate.

A New Path Toward Immunotherapy for Alzheimer's

The discovery of the PU.1-CD28 relationship offers a new molecular framework for understanding how microglia can protect the brain. It also strengthens the idea that targeting microglial activity through immune-based therapies could alter the course of Alzheimer's disease.

This research was supported by the National Institutes of Health, European Research Council, Stavros Niarchos Foundation, Cure Alzheimer's Fund, Freedom Together Foundation, Belfer Neurodegeneration Consortium Grant, Massachusetts Life Sciences Center, Robin Chemers Neustein Postdoctoral Fellowship Award, Alfred P. Sloan Foundation, Alzheimer's Association, BrightFocus Foundation, National Multiple Sclerosis Society, and Clinical and Translational Science Awards.
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A 500-million-year-old brain "radar" still shapes how you see | ScienceDaily
The brain's ability to interpret the visual world does not depend solely on its advanced outer layer, the cortex. A new study in PLOS Biology reveals that an evolutionarily older brain region, the superior colliculus, contains neural networks capable of carrying out fundamental visual computations. These circuits enable the brain to separate objects from their backgrounds and identify which visual cues are most relevant in space.


						
Researchers found that this ancient system, shared across all vertebrates, can independently produce center-surround interactions -- a core visual process that helps detect edges, contrast, and attention-grabbing details in the environment.

"For decades it was thought that these computations were exclusive to the visual cortex, but we have shown that the superior colliculus, a much older structure in evolutionary terms, can also perform them autonomously," explains Andreas Kardamakis, head of the Neural Circuits in Vision for Action Laboratory at the Institute for Neurosciences (IN), a joint center of the Spanish National Research Council (CSIC) and the Miguel Hernandez University (UMH) of Elche. "This means that the ability to analyze what we see and decide what deserves our attention is not a recent invention of the human brain, but a mechanism that appeared more than half a billion years ago."

The Brain's Ancient "Radar" for What Matters

The superior colliculus works like a built-in radar, taking direct signals from the retina before the cortex receives them. It helps determine which parts of the visual scene are most important. When something moves, flashes, or suddenly enters view, this structure reacts first, guiding the eyes toward the new stimulus.

To explore how this process unfolds, the team combined advanced tools such as patterned optogenetics, electrophysiology, and computational modeling. By using light to activate specific retinal pathways and recording responses in mouse brain slices, they discovered that the superior colliculus can suppress a central visual signal when the surrounding area becomes active -- a defining feature of center-surround processing. This effect was supported by cell-type-specific mapping and large-scale computer simulations.

"We have seen that the superior colliculus not only transmits visual information but also processes and filters it actively, reducing the response to uniform stimuli and enhancing contrasts," says Kuisong Song, co-first author of the paper. "This demonstrates that the ability to select or prioritize visual information is embedded in the oldest subcortical circuits of the brain." These results indicate that the mechanisms directing attention are deeply rooted in ancient brain architecture, long before the evolution of higher cortical areas.




Evolutionary Roots and Cognitive Significance

The findings challenge the traditional belief that complex visual processing happens only in the cortex. Instead, they support a hierarchical model in which ancient brain structures handle essential computations crucial for survival, such as detecting threats, following movement, or avoiding obstacles.

"Understanding how these ancestral structures contribute to visual attention also helps us understand what happens when these mechanisms fail," Kardamakis notes. "Disorders such as attention deficit, sensory hypersensitivity, or some forms of traumatic brain injury may partly originate from imbalances between cortical communication and these fundamental circuits."

The research team is now extending their work to live animal models to study how the superior colliculus shapes attention and controls distraction during goal-directed behavior. By understanding how visual distractions translate into actions, scientists hope to uncover the neurological basis of attention and its dysfunction in modern life, where visual overload is common.

An International Collaboration

This research represents a large-scale collaboration between the Karolinska Institutet, KTH Royal Institute of Technology (Sweden), and the Massachusetts Institute of Technology (MIT, USA). It also involved Teresa Femenia, a researcher at IN CSIC-UMH, who played a key role in developing the experimental work.

Building on these discoveries, Andreas Kardamakis and Giovanni Usseglio contributed a chapter to the new Evolution of Nervous Systems series (Elsevier, 2025), edited by JH Kass. Their work broadens the evolutionary perspective, comparing subcortical visual systems across species. They show that structures analogous to the superior colliculus -- found in fish, amphibians, reptiles, birds, and mammals -- share a common purpose: merging sensory and motor information to guide gaze and attention.

This ancient brain organization, conserved for over 500 million years, became the foundation upon which the cortex later evolved its higher cognitive functions. "Evolution did not replace these ancient systems; it built upon them," Kardamakis explains. "We still rely on the same basic hardware to decide where to look and what to ignore."

This work was supported by Spain's State Research Agency (Spanish Ministry of Science, Innovation and Universities), the Severo Ochoa Programme for Centres of Excellence, the Generalitat Valenciana through the CIDEGENT program, the Swedish Research Council, the Swedish Brain Foundation, and the Olle Engkvist Foundation.
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Laser satellites expose a secret Antarctic carbon burst | ScienceDaily
A team of scientists has found that the Southern Ocean emits far more carbon dioxide (CO2) during the lightless Antarctic winter than researchers once believed. According to their new study, this wintertime release of CO2 has been underestimated by as much as 40%.


						
The research was led by scientists from the Second Institute of Oceanography, Ministry of Natural Resources (SIO-MNR), and the Nanjing Institute of Geography and Limnology (NIGLAS) of the Chinese Academy of Sciences. Their results were published in Science Advances on Nov. 5.

The Ocean's Role in Earth's Carbon Balance

The Southern Ocean is a major regulator of the global carbon cycle, absorbing a large share of the carbon released by human activity. Yet despite its importance, it remains the "largest source of uncertainty" in global CO2 flux calculations.

That uncertainty comes from a lack of winter observations. For months each year, the Southern Ocean lies in complete darkness and is lashed by extreme weather, making direct measurement nearly impossible. During this time, the region becomes an "observational black box." Traditional satellites, which depend on reflected sunlight (passive sensors) to detect ocean properties, cannot collect data under these conditions, leaving scientists reliant on incomplete or estimated models.

Using Lasers to See in the Dark

To overcome this limitation, the researchers used an advanced approach that combined 14 years of data from a laser-based satellite instrument called LIDAR (on the CALIPSO mission) with machine learning analysis.




LIDAR, unlike passive sensors, sends out its own light signals, working similarly to radar but with lasers instead of radio waves. This technology allowed the team to observe the ocean even during the polar night and create the first continuous, observation-based record of winter CO2 exchange in the Southern Ocean.

The results revealed that earlier estimates had missed nearly 40% of the Southern Ocean's wintertime CO2 output. "Our findings suggest that the Southern Ocean's role in the global carbon cycle is more complex and dynamic than previously known," said Prof. Kun Shi of NIGLAS.

Rethinking the Ocean's Carbon Dynamics

Beyond updating the numbers, the study redefines how scientists understand carbon movement in the Southern Ocean. The team introduced a new "three-loop framework" to explain how CO2 exchange varies across different regions.

In the Antarctic Loop (south of 60degS), physical factors such as sea ice and salinity are the main drivers of CO2 exchange. In the Polar Front Loop (45degS-60degS), the interaction between atmospheric CO2 and biological activity (chlorophyll) becomes more influential. Meanwhile, in the Subpolar Loop (north of 45degS), sea surface temperature plays the dominant role.

Global Climate Implications

Filling this long-standing data gap could lead to more accurate global carbon budgets, which form the foundation of climate projections used by organizations such as the Intergovernmental Panel on Climate Change (IPCC).

This research highlights the power of combining active satellite sensing with machine learning to study the planet's most remote and dynamic regions, opening new possibilities for understanding the Earth's climate system year-round.
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Einstein might have been wrong about black holes | ScienceDaily
Black holes are often described as cosmic gluttons, consuming everything that drifts too close -- including light itself. This is what makes the images of the supermassive black holes at the centers of the galaxy M87 and our own Milky Way so remarkable. Captured by the Event Horizon Telescope (EHT) collaboration a few years ago, these observations marked a major milestone in astronomy.


						
"What you see on these images is not the black hole itself, but rather the hot matter in its immediate vicinity," explains Prof. Luciano Rezzolla of Goethe University Frankfurt, whose team played a crucial role in the discovery. "As long as the matter is still rotating outside the event horizon -- before being inevitably pulled in -- it can emit final signals of light that we can, in principle, detect."

Einstein's Theory and the Mystery of Black Holes

These striking images reveal what scientists call the "shadow" of a black hole, offering a new way to probe the physics behind these mysterious cosmic giants. For over a century, Einstein's general theory of relativity has been the foundation of our understanding of space and time. It predicts the existence of black holes and the event horizon, a boundary beyond which nothing -- not even light -- can escape.

"There are, however, also other, still hypothetical theories that likewise predict the existence of black holes," Rezzolla notes. "Some of these approaches require the presence of matter with very specific properties or even the violation of the physical laws we currently know."

Testing Einstein's Ideas With Black Hole Shadows

In collaboration with colleagues from the Tsung-Dao Lee Institute in Shanghai (China), Rezzolla and his team proposed a new way to test these alternative theories. Their work, published in Nature Astronomy, outlines how future black hole observations could help confirm or challenge Einstein's model of gravity. Until now, there has not been enough data to verify or reject competing ideas, but that may soon change through detailed analysis of black hole shadow images.




"This requires two things," Rezzolla explains. "On the one hand, high-resolution shadow images of black holes to determine their radius as accurately as possible, and on the other hand, a theoretical description of how strongly the various approaches deviate from Einstein's theory of relativity."

Simulations Reveal How Theories Diverge

To tackle this, the team produced a thorough framework describing how different theoretical types of black holes would vary from Einstein's predictions and how those differences would appear in images. They used advanced three-dimensional computer simulations to reproduce the motion of matter and magnetic fields in the warped spacetime surrounding black holes. From these simulations, they created synthetic images of the glowing plasma that circles these immense objects.

"The central question was: How significantly do images of black holes differ across various theories?" says lead author Akhil Uniyal of the Tsung-Dao Lee Institute. The researchers identified clear patterns that, with sharper images in the future, could help scientists determine which theory best matches reality. Although today's EHT resolution cannot yet detect these fine distinctions, improvements in technology will gradually make such comparisons possible. To prepare for this, the physicists developed a universal description of black holes that can encompass many different theoretical frameworks.

Einstein's Theory Still Holding Strong -- for Now

"One of the EHT collaboration's most important contributions to astrophysics is turning black holes into testable objects," Rezzolla emphasizes. "Our expectation is that relativity theory will continue to prove itself, just as it has time and again up to now." So far, the findings remain consistent with Einstein's theory, although uncertainties in measurement mean that only a few exotic ideas have been ruled out. For example, the black holes in M87 and the Milky Way are almost certainly not "naked singularities" (without an event horizon) or wormholes. Still, Rezzolla notes, "Even the established theory must be continuously tested, especially with extreme objects like black holes." If Einstein's model were ever shown to fail, it would mark a revolutionary moment in physics.

A New Era of Cosmic Observation

The EHT provides an unprecedented opportunity for these investigations. By combining data from multiple large radio telescopes across the world, it effectively creates a telescope as large as Earth, capable of capturing fine details around black holes. Plans are already underway to add more observatories to the network and, eventually, to include a radio telescope in space, which would greatly boost its resolution.

Such advancements could make it possible to perform truly definitive tests of competing black hole theories. According to the new study, this would require achieving an angular resolution of less than one millionth of an arcsecond -- roughly equivalent to spotting a coin on the surface of the Moon from Earth. While that level of precision is not yet possible, scientists expect it to be within reach in the coming years, potentially unlocking a new chapter in our understanding of gravity and the universe itself.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251108014022.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



MIT quantum breakthrough edges toward room-temp superconductors | ScienceDaily
Superconductors work like express trains for electricity. Once electric current enters one, it can travel through without resistance or energy loss. Because of this remarkable efficiency, superconductors are already key to technologies such as MRI scanners and particle accelerators.


						
However, these "conventional" superconductors only operate at extremely cold temperatures. They must be kept in specialized cooling systems to remain in their superconducting state. If materials could superconduct at warmer, more practical temperatures, they could transform modern technology -- from creating energy grids that waste no power to enabling more functional quantum computers. To reach that goal, researchers at MIT and other institutions are exploring "unconventional" superconductors, materials that defy the rules of traditional ones and may lead to the next big breakthrough.

MIT's Magic-Angle Graphene Discovery

In a major step forward, MIT physicists have observed clear evidence of unconventional superconductivity in "magic-angle" twisted tri-layer graphene (MATTG). This unique material is created by stacking three atom-thin sheets of graphene at a very specific angle. That tiny twist dramatically alters the material's properties, giving rise to strange and promising quantum effects.

While earlier studies hinted that MATTG might host unconventional superconductivity, the new findings, published in Science, offer the most direct confirmation to date.

A New Look at the Superconducting Gap

The MIT team successfully measured MATTG's superconducting gap, which indicates how strong a material's superconducting state is at different temperatures. They found that the gap in MATTG looked completely different from what is seen in conventional superconductors. This difference suggests that the way MATTG becomes superconducting relies on a distinct, unconventional mechanism.




"There are many different mechanisms that can lead to superconductivity in materials," explains co-lead author Shuwen Sun, a graduate student in MIT's Department of Physics. "The superconducting gap gives us a clue to what kind of mechanism can lead to things like room-temperature superconductors that will eventually benefit human society."

The team made this discovery with a new experimental system that lets them directly observe how the superconducting gap forms in two-dimensional materials. They plan to use the technique to study MATTG and other 2D materials in more detail, hoping to identify new candidates for advanced technologies.

"Understanding one unconventional superconductor very well may trigger our understanding of the rest," says Pablo Jarillo-Herrero, the Cecil and Ida Green Professor of Physics at MIT and senior author of the study. "This understanding may guide the design of superconductors that work at room temperature, for example, which is sort of the Holy Grail of the entire field."

The Origins of Twistronics

Graphene is made of a single layer of carbon atoms arranged in a hexagonal pattern that looks like chicken wire. Scientists can peel off a sheet of graphene from graphite (the same material in pencil lead) to study its properties. In the 2010s, researchers predicted that stacking two layers of graphene at a very precise angle could create new electronic behaviors.

In 2018, Jarillo-Herrero's group became the first to experimentally produce this so-called "magic-angle" graphene and reveal its extraordinary properties. That work launched a new field of research known as "twistronics," which studies the surprising effects that emerge when ultra-thin materials are stacked and twisted at exact orientations. Since then, the team and others have explored a variety of graphene structures with multiple layers, revealing further signs of unconventional superconductivity.




How Electrons Cooperate

Superconductivity occurs when electrons form pairs rather than scattering apart as they move through a material. These paired electrons, known as "Cooper pairs," can travel without resistance, creating a perfect flow of current.

"In conventional superconductors, the electrons in these pairs are very far away from each other, and weakly bound," says co-lead author Jeong Min Park PhD '24. "But in magic-angle graphene, we could already see signatures that these pairs are very tightly bound, almost like a molecule. There were hints that there is something very different about this material."

Probing the Quantum World Through Tunneling

To prove that MATTG truly exhibits unconventional superconductivity, the MIT researchers needed to measure its superconducting gap directly. As Park explains, "When a material becomes superconducting, electrons move together as pairs rather than individually, and there's an energy 'gap' that reflects how they're bound. The shape and symmetry of that gap tells us the underlying nature of the superconductivity."

To do this, scientists used a quantum-scale technique known as tunneling spectroscopy. At this level, electrons act both as particles and as waves, which allows them to "tunnel" through barriers that would normally stop them. By studying how easily electrons can tunnel through a material, researchers can learn how strongly they are bound inside it. However, tunneling results alone don't always prove that a material is superconducting, making direct measurements both crucial and challenging.

A Closer Look at the Superconducting Gap

Park's team developed a new platform that combines tunneling spectroscopy with electrical transport measurements, which involve tracking how current moves through the material while monitoring its resistance (zero resistance means it's superconducting).

Using this method on MATTG, the researchers could clearly pinpoint the superconducting tunneling gap -- it appeared only when the material reached zero resistance, the defining mark of superconductivity. As they changed the temperature and magnetic field, the gap displayed a sharp V-shaped curve, very different from the smooth, flat pattern typical of conventional superconductors.

This unusual V shape points to a new mechanism behind MATTG's superconductivity. Although the exact process is still unknown, it's now clear that this material behaves unlike any conventional superconductor discovered before.

A Different Kind of Electron Pairing

In most superconductors, electrons pair up due to vibrations in the surrounding atomic lattice, which gently push them together. Park believes MATTG operates differently.

"In this magic-angle graphene system, there are theories explaining that the pairing likely arises from strong electronic interactions rather than lattice vibrations," she says. "That means electrons themselves help each other pair up, forming a superconducting state with special symmetry."

The Path Ahead: Next-Generation Quantum Materials

The MIT team plans to apply their new experimental setup to study other twisted and layered materials.

"This allows us to both identify and study the underlying electronic structures of superconductivity and other quantum phases as they happen, within the same sample," Park explains. "This direct view can reveal how electrons pair and compete with other states, paving the way to design and control new superconductors and quantum materials that could one day power more efficient technologies or quantum computers."

This research received support from the U.S. Army Research Office, the U.S. Air Force Office of Scientific Research, the MIT/MTL Samsung Semiconductor Research Fund, the Sagol WIS-MIT Bridge Program, the National Science Foundation, the Gordon and Betty Moore Foundation, and the Ramon Areces Foundation.
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Your anxiety may be controlled by hidden immune cells in the brain
        Researchers have uncovered surprising evidence that anxiety may be controlled not by neurons but by two dueling groups of immune cells inside the brain. These microglia act like biological pedals--one pushing anxiety forward and the other holding it back.

      

      
        Cheap gout drug may slash heart attack and stroke risk
        Colchicine, a cheap and widely used gout drug, may help prevent heart attacks and strokes in people with cardiovascular disease. Trials involving nearly 23,000 patients show meaningful reductions in risk with low doses. Side effects were mostly mild and short-lived. Researchers say this overlooked drug could become an accessible prevention tool pending further study.

      

      
        Smart drug strikes a hidden RNA weak point in cancer cells
        Researchers have designed a smart drug that hunts down and breaks a little-known RNA that cancer cells depend on. The drug recognizes a unique fold in the RNA and triggers the cell to destroy it. Tests showed that removing this RNA slows cancer growth. The approach could lead to new treatments that attack cancer at its most fundamental level.

      

      
        New study finds hidden diabetes danger in vaping
        Smoking, vaping, or using both products significantly increases the likelihood of developing prediabetes and diabetes, and the risk is even higher among Hispanic, Black, and low-income groups. Researchers found that vaping alone raises prediabetes risk, while combining cigarettes and e-cigarettes drives those odds up dramatically.

      

      
        Strange microscopic structures found in Long COVID blood
        Scientists have discovered strange microscopic structures in the blood of people with Long COVID--clusters of tiny microclots tangled together with sticky immune webs known as neutrophil extracellular traps, or NETs. These combined structures show up far more often in Long COVID patients, where they appear larger, denser, and more stubborn than in healthy blood.

      

      
        Hidden household toxin triples liver disease risk, study finds
        Scientists have uncovered a new environmental culprit behind liver disease: tetrachloroethylene (PCE), a chemical used in dry cleaning and household products. The study found that people with PCE exposure were three times more likely to develop severe liver scarring, even when traditional risk factors like alcohol or obesity were absent. The chemical is widespread in air, water, and consumer goods, making it a stealthy threat to public health.

      

      
        Scientists find 15 gut bacteria that may drive heart disease
        Scientists in Seoul have uncovered 15 gut bacterial species linked to coronary artery disease, showing that microbes can influence heart health far beyond digestion. Their findings reveal how shifts in gut microbial function -- including inflammation, loss of protective species, and overactive metabolic pathways -- may drive disease progression. Intriguingly, even "good" bacteria like Faecalibacterium prausnitzii and Akkermansia muciniphila can become harmful under certain conditions.

      

      
        New study finds Ozempic and Mounjaro protect the heart too
        New research from the Technical University of Munich and Harvard Medical School reveals that popular GLP-1-based drugs, semaglutide (Ozempic) and tirzepatide (Mounjaro), not only promote weight loss but also significantly reduce the risk of heart attacks and strokes in patients with type 2 diabetes. Using real-world insurance data, the study found up to an 18% reduction in major cardiovascular events, confirming powerful heart-protective effects that appear to extend beyond weight control.

      

      
        Wegovy and Ozempic tied to dramatically lower cancer deaths
        GLP-1 drugs such as Ozempic and Wegovy may extend the lives of colon cancer patients, according to a major UC San Diego study. Patients on the medications had less than half the mortality rate of non-users. Researchers suspect the drugs' anti-inflammatory and metabolic effects contribute to improved outcomes. They're now calling for clinical trials to test whether these findings reflect a true anti-cancer mechanism.

      

      
        What brain scans reveal about soccer fans' passion and rage
        Researchers scanning soccer fans' brains found that wins trigger bursts of reward activity while losses dampen control signals. The results show how loyalty and rivalry can override logic, turning competition into an emotional storm. The same brain circuits that fuel sports passion may also underlie political or social fanaticism. Early experiences, the study suggests, shape whether these circuits lead to healthy excitement or explosive reactions.

      

      
        The rarest element on Earth could revolutionize cancer treatment
        Texas A&amp;M scientists have unlocked new potential for astatine-211, a rare and short-lived element, as a highly precise cancer-fighting isotope. Its alpha emissions destroy tumor cells while sparing healthy tissue, making it ideal for targeted therapy.

      

      
        Tiny implant wipes out bladder cancer in 82% of patients
        TAR-200, a small drug-releasing implant, wiped out tumors in most patients with high-risk bladder cancer. Its slow, consistent release of chemotherapy proved far more effective than traditional short-term treatments. The therapy may replace bladder removal surgery for many and has earned FDA Priority Review due to its impressive results.

      

      
        This 14th century story fooled the world about the Black Death
        Historians have traced myths about the Black Death's rapid journey across Asia to one 14th-century poem by Ibn al-Wardi. His imaginative maqama, never meant as fact, became the foundation for centuries of misinformation about how the plague spread. The new study exposes how fiction blurred with history and highlights how creative writing helped medieval societies process catastrophe.

      

      
        Scientists turn body fat into bone to heal spinal fractures
        Researchers in Osaka have found that stem cells from fat tissue can repair spinal fractures similar to those caused by osteoporosis. By turning these cells into bone-forming clusters and pairing them with a bone-rebuilding material, rats regained stronger, healthier spines. The approach could offer a safe, minimally invasive alternative for treating bone diseases in humans.

      

      
        Running on little sleep? You're twice as likely to get hurt
        Researchers found that runners who sleep poorly face nearly double the injury risk compared to those who rest well. The study highlights that sleep is not just recovery--it's a key factor in preventing injuries. They stress that runners should prioritize rest alongside training. Simple habits like consistent bedtimes and limiting screens can make a big difference.

      

      
        Clearing brain plaques isn't enough to heal Alzheimer's
        Japanese researchers found that lecanemab, an amyloid-clearing drug for Alzheimer's, does not improve the brain's waste clearance system in the short term. This implies that nerve damage and impaired clearance occur early and are difficult to reverse. Their findings underscore that tackling amyloid alone may not be enough to restore brain function, urging a broader approach to treatment.

      

      
        Scientists find brain chemical tied to trauma and depression
        Researchers identified SGK1 as a key chemical connecting childhood trauma to depression and suicidal behavior. High SGK1 levels were found in the brains of suicide victims and in people with genetic variants linked to early adversity. Drugs that block SGK1 could offer a new kind of antidepressant, especially for patients resistant to SSRIs.

      

      
        Goodbye cavities? This new toothpaste made from hair can heal enamel
        Scientists have found that keratin, the protein in hair and skin, can repair and protect tooth enamel. The material forms a mineralized layer that halts decay and restores strength, outperforming traditional fluoride. Made from sustainable sources like hair, it could soon be available in toothpaste or gels. The discovery could transform dentistry by turning waste into a powerful tool for regeneration.

      

      
        Hidden weakness makes prostate cancer self-destruct
        Researchers have discovered that prostate cancer depends on two key enzymes, PDIA1 and PDIA5, to survive and resist therapy. When blocked, these enzymes cause the androgen receptor to collapse, killing cancer cells and enhancing the effects of drugs like enzalutamide. They also disrupt the cancer's energy system, striking it on multiple fronts. This breakthrough could open a new path to overcoming drug resistance in advanced prostate cancer.

      

      
        New research finds no clear link between acetaminophen (Tylenol) and autism
        A sweeping review of existing studies finds no solid evidence that using acetaminophen (Tylenol) during pregnancy increases the risk of autism or ADHD in children. Researchers found that previous reviews often relied on weak or biased data, and most did not properly account for genetic or environmental factors shared by families. When these factors were considered, any apparent link between acetaminophen use and neurodevelopmental disorders largely disappeared.

      

      
        Surprising heart study finds daily coffee may cut AFib risk by 39%
        New research finds that daily coffee drinking may cut AFib risk by nearly 40%, defying decades of medical caution. Scientists discovered that caffeine's effects on activity, blood pressure, and inflammation could all contribute to a healthier heart rhythm. The DECAF clinical trial's findings suggest coffee could be not only safe but beneficial for people with A-Fib.

      

      
        Vitamin D3 breakthrough halves risk of second heart attack
        Intermountain Health researchers discovered that customizing vitamin D3 doses for heart attack survivors slashed their risk of another heart attack by 50%. The strategy involved frequent monitoring and dose adjustments to reach ideal vitamin D levels. Traditional studies didn't track blood levels, missing this critical link.

      

      
        A hidden breathing problem may be behind chronic fatigue's crushing exhaustion
        Scientists have discovered that most chronic fatigue patients experience dysfunctional breathing, which may worsen their symptoms. The likely culprit is dysautonomia, a disruption in how the body controls blood vessels and muscles. Breathing retraining, yoga, or biofeedback could help restore proper breathing rhythm and ease fatigue. The findings open a promising new path for managing this long-misunderstood illness.

      

      
        New bacterial therapy destroys cancer without the immune system
        A Japanese-led research team has developed AUN, a groundbreaking immune-independent bacterial cancer therapy that uses two harmonized bacteria to destroy tumors even in patients with weakened immune systems. By leveraging the natural synergy between Proteus mirabilis and Rhodopseudomonas palustris, AUN selectively targets cancer cells, reshapes itself within tumors, and avoids harmful side effects like cytokine release syndrome.

      

      
        New online tool can predict how well blood pressure drugs will work
        A new blood pressure calculator built on extensive clinical trial data helps doctors accurately estimate how much each medication will reduce blood pressure. The tool simplifies complex treatment choices and replaces unreliable BP measurements with solid evidence.

      

      
        AI unravels the hidden communication of gut microbes
        Scientists have turned to advanced AI to decode the intricate ecosystem of gut bacteria and their chemical signals. Using a Bayesian neural network called VBayesMM, researchers can now identify genuine biological links rather than random correlations. The system has already outperformed traditional models in studies of obesity, sleep disorders, and cancer.

      

      
        Doctors found a way to stop a deadly metformin reaction
        A hospital in Thailand created a quick-action dialysis protocol for patients with metformin-associated lactic acidosis, a dangerous reaction to a common diabetes drug. The program sharply reduced deaths and sped up treatment times. Awareness also soared, showing how organized emergency pathways can transform patient outcomes.

      

      
        A simple DNA test could reveal the right antidepressant for you
        Millions struggle with depression and anxiety, often enduring long waits for effective treatment. Scientists in Sweden, Denmark, and Germany are developing a genetic test to predict which medications will actually work. Using polygenic risk scores, they can analyze DNA variations linked to mental health and drug response.

      

      
        DNA's hidden power could transform how we make medicines
        Scientists found that DNA's phosphate groups can direct chemical reactions to make the correct mirror-image form of drug molecules. This breakthrough simplifies chiral drug production, reducing waste and energy use. Using a new "PS scanning" method, the team pinpointed which DNA parts guide reactions. The approach could revolutionize green chemistry in pharmaceuticals.

      

      
        Common antidepressant found to work in just two weeks
        Sertraline (Zoloft) may relieve emotional symptoms of depression and anxiety within two weeks, while physical side effects stabilize later. The research highlights how antidepressants can act on specific symptom networks rather than uniformly across all aspects of depression.

      

      
        New laser treatment could stop blindness before it starts
        Aalto University scientists have created a laser-based treatment that uses gentle heat to stop the progression of dry macular degeneration. The approach stimulates the eye's natural cleanup and repair systems to protect against blindness.

      

      
        Scientists find brain cells that could stop Alzheimer's
        Researchers have identified special immune cells in the brain that help slow Alzheimer's. These microglia work to reduce inflammation and block the spread of harmful proteins. They appear to protect memory and brain health, offering a promising new direction for therapy.

      

      
        Common pesticides may cause testicular damage and lower sperm counts
        A decade-long review by George Mason University researchers reveals growing evidence that neonicotinoid insecticides--the world's most widely used class of pesticides--may harm male reproductive health. The findings, based on 21 animal studies, show consistent links between exposure and reduced sperm quality, hormonal disruption, and testicular damage.

      

      
        A 500-million-year-old brain "radar" still shapes how you see
        New research shows that the superior colliculus, a primitive brain region, can independently interpret visual information. This challenges long-held beliefs that only the cortex handles such complex computations. The discovery highlights how ancient neural circuits guide attention and perception, shaping how we react to the world around us.

      

      
        COVID vaccine linked to fewer infections and allergies in kids with eczema
        New research suggests the COVID-19 vaccine could help children with eczema stay healthier overall. Vaccinated kids had lower rates of infections and allergies, including asthma and rhinitis, compared with unvaccinated peers. Experts believe the vaccine may help prevent allergic conditions from worsening, showing its value beyond protection from COVID-19.

      

      
        A hidden cellular cleanup trick could reverse aging
        Researchers found that the body's natural recycling system, the lysosome, plays a vital role in removing the protein that drives premature aging. When this system breaks down, aging speeds up. By reactivating it, scientists were able to help cells recover their youthful behavior. The discovery opens exciting possibilities for anti-aging treatments.

      

      
        Stanford makes stem cell transplants safer without chemo
        A Stanford-led team has replaced toxic pre-transplant chemotherapy with a targeted antibody, allowing children with Fanconi anemia to receive stem cell transplants safely. The antibody, briquilimab, removes diseased stem cells without radiation, enabling nearly complete donor cell replacement. The approach also widens donor eligibility and could soon be applied to other bone marrow failure diseases.

      

      
        Scientists find hidden brain damage from a common pesticide
        Prenatal exposure to the insecticide chlorpyrifos causes widespread brain abnormalities and poorer motor skills in children. Even after a residential ban, ongoing agricultural use continues to endanger developing brains.

      

      
        Rare desert berry could transform diabetes treatment
        An extract from a desert berry used in traditional Chinese medicine restored insulin function and stabilized metabolism in diabetic mice. The findings hint at a powerful natural alternative for holistic diabetes treatment.

      

      
        The hidden "Big Bang" that decides how bowel cancer grows
        Scientists have pinpointed a "Big Bang" moment in bowel cancer--when cells first evade the immune system. This early immune escape locks in how the cancer will behave as it grows. The discovery could help predict which patients respond to immunotherapy and lead to new vaccine strategies

      

      
        Scientists discover how hair cells can help heal skin faster
        Rockefeller scientists uncovered how hair follicle stem cells can switch from growing hair to repairing skin when nutrients run low. The key lies in serine, an amino acid that activates a stress signal telling cells to conserve energy. When both injury and low serine occur, stem cells fully pivot to skin repair. The discovery could lead to dietary or medical ways to boost healing.

      

      
        The bright colors in your food may be harming your kids
        Almost 20% of packaged foods and beverages in the US contain synthetic dyes, often paired with excessive sugar to attract children. These additives have been linked to behavioral issues, yet remain widespread among major brands like Mars and PepsiCo. Experts criticize the FDA for relying on voluntary reform, contrasting it with Europe's stricter labeling laws. Growing state-level action offers hope for meaningful change.

      

      
        Mini llama proteins show promise for Alzheimer's treatment
        Miniature antibodies from camels and llamas can slip into the brain more easily than conventional drugs, offering a new way to treat disorders like Alzheimer's and schizophrenia. Researchers say these "nanobodies" could reshape the future of brain medicine.

      

      
        Common acne drug may protect against schizophrenia
        Scientists have discovered a surprising benefit of the acne drug doxycycline: it may lower the risk of schizophrenia. Teens prescribed the antibiotic were about one-third less likely to develop the condition as adults. The effect could stem from the drug's ability to reduce brain inflammation. Researchers say the findings highlight an unexpected new direction in mental health prevention.
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Your anxiety may be controlled by hidden immune cells in the brain | ScienceDaily
Anxiety disorders affect roughly one in five people in the United States, making them among the most widespread mental health challenges. Although common, scientists still have many questions about how anxiety begins and is controlled within the brain. New research from the University of Utah has now pinpointed two unexpected groups of brain cells in mice that behave like "accelerators" and "brakes" for anxious behavior.


						
The team discovered that the cells responsible for adjusting anxiety levels are not neurons, which typically relay long-distance electrical signals and form circuits throughout the body. Instead, a specific class of immune cells known as microglia appears to play a central role in determining whether mice show anxious behavior. One subset of microglia increases anxiety responses, while another reduces them.

"This is a paradigm shift," says Donn Van Deren, PhD, a postdoctoral research fellow at the University of Pennsylvania who carried out the work while at University of Utah Health. "It shows that when the brain's immune system has a defect and is not healthy, it can result in very specific neuropsychiatric disorders."

The findings are reported in Molecular Psychiatry.

Microglia Show a More Complex Role Than Expected

Earlier experiments had already suggested that microglia influence anxiety, but researchers initially believed that all microglia functioned in the same way. When they interfered with a particular subset known as Hoxb8 microglia, the mice began behaving as though they were anxious. However, when researchers blocked the activity of all microglia at once, including both Hoxb8 and non-Hoxb8 groups, the mice behaved normally.

These confusing results led the team to suspect that the two types of microglia might work in opposite directions. Hoxb8 microglia might help prevent anxiety, while non-Hoxb8 microglia might encourage it. To test this idea, they needed to examine each type of microglia on its own.




Testing the Brain's Internal Anxiety Accelerator and Brake

To isolate each group, the researchers designed an unusual experiment that involved transplanting different types of microglia into mice that lacked microglia entirely.

Their tests showed that non-Hoxb8 microglia function like a gas pedal for anxiety. When the team transplanted only non-Hoxb8 microglia into the microglia-free mice, the animals displayed strong signs of anxiety. They groomed themselves repeatedly and avoided open spaces, behaviors that typically indicate heightened anxiety in mice. Without Hoxb8 microglia present, the anxiety "accelerator" remained active without any natural balancing force.

In contrast, Hoxb8 microglia acted like the braking system. Mice given only Hoxb8 microglia did not behave anxiously. Importantly, mice that received both microglial types also showed no signs of anxiety. Even though non-Hoxb8 cells encouraged anxious behavior, the presence of Hoxb8 cells neutralized those effects.

"These two populations of microglia have opposite roles," says Mario Capecchi, PhD, distinguished professor of human genetics at University of Utah Health and senior author of the study. "Together, they set just the right levels of anxiety in response to what is happening in the mouse's environment."

Implications for Future Anxiety Treatments

According to the researchers, these results could reshape how scientists think about the biological roots of anxiety disorders and how they might be treated in the future. "Humans also have two populations of microglia that function similarly," Capecchi explains. Despite this, nearly all current psychiatric medications target neurons rather than microglia.




Understanding how these immune cells influence anxiety could lead to therapies that intentionally enhance the braking effect or reduce the accelerator activity. "This knowledge will provide the means for patients who have lost their ability to control their levels of anxiety to regain it," Capecchi says.

Van Deren adds a note of caution. "We're far from the therapeutic side," he says, "but in the future, one could probably target very specific immune cell populations in the brain and correct them through pharmacological or immunotherapeutic approaches. This would be a major shift in how to treat neuropsychiatric disorders."

The study appears in Molecular Psychiatry under the title "Defective Hoxb8 microglia are causative for both chronic anxiety and pathological overgrooming in mice."

The research was supported by the National Institutes of Health, including the National Institute of Mental Health (R01 MH093595), the Dauten Family Foundation, and the University of Utah Flow Cytometry Facility. The authors note that the content is solely their responsibility and does not necessarily represent the official views of the National Institutes of Health.
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Cheap gout drug may slash heart attack and stroke risk | ScienceDaily
A commonly used, low-cost medication for gout may help lower the chances of heart attacks and strokes in people with cardiovascular disease, according to a new Cochrane review.


						
Researchers evaluated the impact of taking small doses of colchicine, a standard gout treatment, and reported no rise in serious side effects.

Cardiovascular disease is often linked to long-term, low-level inflammation that increases the likelihood of repeat events such as heart attacks and strokes. Because colchicine reduces inflammation, it has emerged as a potentially useful option for people living with heart disease.

A promising effect on cardiovascular risk

The review assessed 12 randomized controlled trials that followed nearly 23,000 individuals with a history of heart disease, heart attack or stroke. Participants took colchicine for at least six months, usually at doses of 0.5 mg once or twice daily. About 80% of those enrolled were male (~80%), and their average age ranged from 57 to 74 years. Half received colchicine, while the rest were given either a placebo or no added medication on top of their typical care.

People taking low-dose colchicine experienced fewer heart attacks and strokes overall. For every 1,000 individuals treated, 9 heart attacks and 8 strokes were avoided compared with those who did not receive the drug. No serious adverse events were seen, although mild and short-lived stomach or digestive discomfort was more common among colchicine users.

"Among 200 people with cardiovascular disease -- where we would normally expect around seven heart attacks and four strokes -- using low-dose colchicine could prevent about two of each," says Dr. Ramin Ebrahimi, co-lead author from the University Medicine Greifswald, Germany. "Reductions like this can make a real difference for patients who live with ongoing, lifelong cardiovascular risk."

A new use for a long-established medicine




Since cardiovascular diseases remain the leading cause of death worldwide, colchicine offers a potentially affordable and widely available strategy for preventing additional heart problems in high-risk patients.

"These results come from publicly funded trials repurposing a very old, low-cost drug for an entirely new use," says Lars Hemkens, senior author from the University of Bern, Switzerland. "It shows the power of academic research to reveal treatment opportunities that traditional drug development often overlooks."

Questions still remain about whether colchicine influences overall mortality or reduces the need for procedures such as coronary revascularization. The trials also did not determine whether the drug improves quality of life or shortens hospital stays. The authors emphasize that more research is required to address these gaps.
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Smart drug strikes a hidden RNA weak point in cancer cells | ScienceDaily
Researchers have designed a new class of drug molecule capable of specifically destroying TERRA, an RNA molecule that some cancer cells rely on to survive. Using a technique known as "RIBOTAC," the compound is able to locate TERRA inside the cell and break it apart while avoiding healthy RNA. The work suggests a possible path toward future cancer therapies that focus on the genetic drivers of disease rather than its outward effects.


						
A team from the Hebrew University of Jerusalem has created a drug-like molecule that can locate and eliminate an RNA segment tied to cancer development. The study, published in Advanced Sciences, was conducted by Dr. Raphael I. Benhamou, Elias Khaskia, and Dipak Dahatonde of the university's Faculty of Medicine. Their research centers on TERRA, an RNA molecule that helps maintain the ends of chromosomes -- the regions of DNA that support cell stability and overall health.

When TERRA functions improperly, it can disrupt normal cell aging and division. In several cancers, including certain tumors of the brain and bone, cancer cells exploit TERRA to continue growing and dividing.

"We've created a tool that acts like a guided missile for bad RNA," said Dr. Benhamou. "It can find TERRA inside cancer cells and make it disappear -- without harming healthy parts of the cell."

How the RIBOTAC Molecule Works

The researchers built a small molecule using RIBOTAC, short for Ribonuclease-Targeting Chimera. This molecule identifies a distinctive shape in TERRA called a G-quadruplex -- a folded structure -- and then recruits a natural enzyme in the cell, RNase L, to break down the RNA.

This marks the first demonstration of a tool that can destroy TERRA with such accuracy. The molecule selectively targets TERRA and does not affect other RNA molecules that share similar features.




In experiments using cancer cell lines such as HeLa and U2OS cells (which represent a hard-to-treat type of cancer), the treatment lowered TERRA levels and slowed cancer cell growth.

Potential to Reshape Future Cancer Therapies

The finding points to the possibility of developing medicines that target RNA molecules directly -- not only proteins, which are the primary focus of most current drugs.

"This is a new way of thinking about medicine," said Benhamou. "Instead of focusing only on proteins, we're now learning how to target the RNA that controls them. That could open the door to treating diseases we once thought were impossible to reach."
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New study finds hidden diabetes danger in vaping | ScienceDaily
New research from the University of Georgia reports that people who use e-cigarettes, traditional cigarettes or both are more likely to develop diabetes. According to the study, smokers showed a notably higher rate of prediabetes and diabetes diagnoses compared with nonsmokers.


						
"In an era when e-cigarettes are marketed as a 'safer' alternative to smoking, this suggests they may carry a hidden peril and may be quietly contributing to long-term health problems like prediabetes and diabetes," said Sulakshan Neupane, lead author of the study and a doctoral student in the UGA College of Agricultural and Environmental Sciences. "As the use of e-cigarettes rises rapidly, it's vital we understand their broader health impacts. This is not just about the lungs anymore but the entire body and metabolic health."

The Centers for Disease Control and Prevention notes that vaping continues to grow in popularity, especially among younger people. The study's results indicate that diabetes rates may also rise within these groups as e-cigarette use expands.

Researchers also reported that the likelihood of developing diabetes or prediabetes is even higher for Hispanic and Black individuals living in economically disadvantaged settings, along with people who already have underlying health problems.

Dual Users Face Sharp Increases in Prediabetes

Utilizing more than 1.2 million responses from the Behavioral Risk Factor Surveillance System survey, the research team examined how e-cigarette use and traditional smoking relate to prediabetes and diabetes diagnoses.

The analysis showed that vaping alone was linked to a 7% increase in prediabetes risk. The researchers suggested that e-cigarette use may temporarily impair insulin function and contribute to weight gain, both of which are tied to prediabetes.




While 7% may seem modest, it represents roughly 7,000 additional prediabetes cases each year in the U.S based on current population trends.

The study also found that smoking cigarettes or cigars increased prediabetes risk by 15%. The risk climbed even higher for people who both smoked and vaped, reaching 28%.

Individuals who used both cigarettes and e-cigarettes were also more likely to be diagnosed with diabetes itself, with risks rising by 7 and 9% respectively.

"E-cigarette use alone elevates the likelihood of prediabetes, with dual use conferring an additional risk. This study highlights potential compounding harm from using both product types," said Neupane.

Weight, Income and Demographics Influence Risk Levels

The researchers observed that certain personal and demographic factors further intensified the likelihood of developing prediabetes or diabetes.




People who were overweight or obese and smoked were especially vulnerable, as e-cigarette users with a higher body mass index had worse outcomes than those at a normal weight. Hispanic, Black and Asian individuals who smoked or vaped were more frequently diagnosed with prediabetes or diabetes compared with white individuals.

Lower income was another major contributor. Those in the lowest income groups had a 12% higher risk of both conditions.

"People who aren't earning enough money experience mental stress and tend to smoke or use alcohol to reduce that stress, which leads to these increased risk factors," Neupane said.

Regular physical activity, however, provided some protection. Exercise reduced prediabetes risk for smokers by 8%, offering a potential way to counter some of the harmful effects.

"These findings have important implications for public health efforts to curb smoking and improve diabetes outcomes," said Neupane.

The study was published in AJPM Focus. Co-authors included Agricultural and Applied Economics Professor Wojciech J. Florkowski and Chandra Dhakal, a Ph.D. graduate from UGA who now works for the CDC Foundation.
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Strange microscopic structures found in Long COVID blood | ScienceDaily
The researchers also incorporated Artificial Intelligence tools, including machine learning, to analyze biomarker patterns. These methods allowed them to accurately differentiate Long COVID patients from healthy individuals and to pinpoint the most informative biomarker combinations. Such insights could support more precise diagnostics and future personalized treatments.


						 small, unusual clusters of blood clotting proteins that circulate in the bloodstream. The term became widely used in 2021 after Prof Resia Pretorius of Stellenbosch University's Department of Physiological Sciences reported finding these abnormal protein clumps in blood samples from COVID-19 patients. Their potential involvement in COVID-related clotting problems drew significant attention as the pandemic unfolded.
What are neutrophil extracellular traps (NETs)?
Dr. Alain Thierry and his group at the Montpellier Cancer Institute (IRCM) at INSERM in Montpellier were among the first to highlight the importance of NETs in COVID-19. NETs form when neutrophils release their DNA through a process called NETosis, creating thread-like structures filled with harmful enzymes that can quickly trap and neutralize invading microbes.
Although NETs help defend against infection, producing too many of them can be harmful. Excess NET formation has been linked to serious inflammatory and clotting conditions, including severe infections, autoimmune diseases, cancer, diabetes, and arthritis. Dr. Thierry notes that ongoing overproduction of NETs, driven by cycles of inflammation and clot formation, may worsen disease severity.
In light of this, the teams led by Prof Pretorius and Dr. Thierry worked together to examine whether microclots and NETs interact in patients with Long COVID.
Key findings
Using imaging flow cytometry and fluorescence microscopy, the researchers conducted detailed measurements of microclots and NETs in the plasma of individuals with Long COVID and compared the results to healthy controls. They also quantified NETs by assessing proteic markers and circulating DNA.
They reported several major observations:
    	Biomarkers linked to both microclots and NETs were significantly elevated in Long COVID patients.
    	Patients showed not only an increased number of microclots but also larger microclots.
    	Most notably, the team identified a structural relationship between microclots and NETs. This association appeared in all samples but was far more substantial in people with Long COVID.

"This finding suggests the existence of underlying physiological interactions between microclots and NETs that, when dysregulated, may become pathogenic," explains Dr. Thierry.

The researchers also incorporated Artificial Intelligence tools, including machine learning, to analyze biomarker patterns. These methods allowed them to accurately differentiate Long COVID patients from healthy individuals and to pinpoint the most informative biomarker combinations. Such insights could support more precise diagnostics and future personalized treatments.
Prof Pretorius emphasizes that the study reveals a buildup of microclots in the plasma of Long COVID patients, likely supported by excessive NET activity: "This interaction could render microclots more resistant to fibrinolysis, promoting their persistence in circulation and contributing to chronic microvascular complications," she explains.
By clarifying how NETs may stabilize microclots, the study contributes valuable information about the biological processes involved in Long COVID. The findings also highlight potential therapeutic approaches aimed at reducing harmful clotting and inflammation.
In addition, the work advances the search for new biomarkers that could help diagnose and manage Long COVID. As the authors note, "The combination of advanced imaging techniques and machine learning confers methodological robustness and contributes significantly to the ongoing scientific discourse on post-viral syndromes."

In patients with Long COVID, a new study has revealed structural association between circulating microclots and neutrophil extracellular traps (NETs).

This finding suggests the existence of underlying physiological interactions between microclots and NETS that, when dysregulated, may become pathogenic.

What are microclots?

The term microclots, recently adopted in the scientific literature, refers to abnormal clumps of blood clotting proteins circulating in a patient's blood stream. The concept was introduced in 2021 by Prof. Resia Pretorius from Stellenbosch University's Department of Physiological Sciences, when they found the abnormal presence of such microclots in the blood samples of COVID-19 patients. This discovery generated widespread attention during the pandemic due to its potential role in COVID-related coagulopathies.

What are neutrophil extracellular traps (NETs)?

Dr. Alain Thierry's team at the Montpellier Cancer Institute (IRCM) at INSERM in Montpellier, was among the first to identify the critical role of NETs in the pathogenesis of COVID-19. NETs are produced through a specialised form of innate immune response known as NETosis, whereby neutrophils expel their DNA to form filamentous structures embedded with cytotoxic enzymes capable of rapidly trapping and neutralizing pathogens.




However, excessive NETs formation can become detrimental, contributing to a wide range of inflammatory and thrombotic diseases, including severe infections, autoimmune disorders, cancer, diabetes, and arthritis.

According to Dr. Thierry, it may be that persistent overproduction of NETs, fueled by self-perpetuating inflammatory and thrombotic loops, exacerbates disease severity.

In a collaborative effort, the teams of Prof. Pretorius and Dr. Thierry investigated the potential interaction between microclots and NETs in the context of Long COVID.

Key findings

Using imaging flow cytometry and fluorescence microscopy, they performed a quantitative and structural analysis of microclots and NETs in the plasma of Long COVID patients, compared to healthy controls. NETs were also quantified by analyzing NETs proteic markers and circulating DNA.
    	They observed a significant increase in biomarkers associated with both microclots and NETs in patient samples.
    	Microclots were not only more abundant but also larger in size among patients.
    	Most importantly, they discovered a previously unreported structural association between microclots and NETs, observed in all subjects but markedly more pronounced in Long COVID patients.

"This finding suggests the existence of underlying physiological interactions between microclots and NETs that, when dysregulated, may become pathogenic," explains Dr. Thierry.




Furthermore, the integration of Artificial Intelligence tools, such as machine learning, into the biomarker analysis enabled them to distinguish Long COVID patients from healthy individuals with high accuracy. The algorithms identified the most predictive biomarker combinations, enhancing diagnostic reliability and paving the way for personalized medicine approaches.

According to Prof. Pretorius, the results reveal a significant accumulation of microclots in the plasma of Long COVID patients, likely driven and stabilized by excessive NETs production: "This interaction could render microclots more resistant to fibrinolysis, promoting their persistence in circulation and contributing to chronic microvascular complications," she explains.

By identifying the mechanistic role of NETs in microclot stabilization, this study provides new insight into the pathophysiology of Long COVID. These findings support the development of targeted therapeutic strategies aimed at modulating thrombo-inflammatory responses.

Finally, the study paves the way for the development of novel biomarkers for diagnosis and management: "The combination of advanced imaging techniques and machine learning confers methodological robustness and contributes significantly to the ongoing scientific discourse on post-viral syndromes," they conclude.
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Hidden household toxin triples liver disease risk, study finds | ScienceDaily
Liver disease most often develops due to one of three major causes: excessive alcohol use, the buildup of fat in the liver associated with obesity, diabetes, and high cholesterol, or viral infections such as hepatitis B and C.


						
Researchers from Keck Medicine of USC have identified another potential cause of liver damage. A new study published in Liver International links tetrachloroethylene (PCE), a chemical widely used in dry cleaning and found in household products like adhesive glues, spot removers, and stainless steel polish, to serious liver harm.

According to the findings, exposure to PCE can triple the risk of significant liver fibrosis, a condition where scar tissue builds up in the liver. Over time, this scarring can progress to liver cancer, liver failure, or even death. The study also revealed a clear dose-response relationship: the greater the exposure to PCE, the higher the likelihood of developing liver fibrosis.

"This study, the first to examine the association between PCE levels in humans and significant liver fibrosis, underscores the underreported role environmental factors may play in liver health," said Brian P. Lee, MD, MAS, a hepatologist and liver transplant specialist with Keck Medicine and lead author of the study. "The findings suggest that exposure to PCE may be the reason why one person develops liver disease while someone with the exact same health and demographic profile does not."

Everyday Exposure to PCE

PCE is a man-made, colorless liquid widely used to remove grease in industrial and household settings, including dry cleaning. People are often exposed to the chemical through the air when it slowly evaporates from recently dry-cleaned clothes. It can also enter drinking water when spills or improper disposal contaminate soil and groundwater.

The International Agency for Research on Cancer classifies PCE as a probable carcinogen. Previous studies have connected it to bladder cancer, multiple myeloma, and non-Hodgkin lymphoma. Dr. Lee noted that other research has also linked PCE exposure to liver cancer.




Because of these health concerns, the U.S. Environmental Protection Agency has initiated a 10-year phaseout of PCE in dry cleaning and placed restrictions on its use in other industries. Still, the chemical persists in certain products and remains unregulated in some countries.

Study Findings: Greater Exposure, Greater Risk

Lee and his colleagues analyzed data from the National Health and Nutrition Examination Survey (NHANES), a large, nationally representative study of U.S. adults. They examined blood samples from participants aged 20 and older collected between 2017 and 2020 and found that about 7% of people had detectable levels of PCE.

Those with measurable PCE exposure were three times more likely to have significant liver fibrosis compared to those without exposure, regardless of age, sex, race, or education level.

Interestingly, higher-income individuals appeared more likely to have detectable PCE in their blood, possibly due to greater use of dry-cleaning services. However, workers in dry-cleaning facilities may face the highest risk because of long-term, direct contact with the chemical.

For every one nanogram per milliliter increase in PCE in the bloodstream (a nanogram equals one-billionth of a gram), the likelihood of significant liver fibrosis rose fivefold.




A Hidden Explanation for Unexplained Liver Disease

The researchers found that traditional risk factors like alcohol consumption and fat accumulation in the liver did not appear to influence fibrosis when PCE was present. "Patients will ask, how can I have liver disease if I don't drink and I don't have any of the health conditions typically associated with liver disease, and the answer may be PCE exposure," said Lee.

Dr. Lee emphasized that PCE may be just one of several environmental toxins contributing to liver disease. "No doubt there are other toxins in our environment besides PCE that are dangerous to the liver," he said.

He also hopes the findings will lead to earlier detection and better outcomes for those affected. "We hope our research will help both the public and physicians understand the connection between PCE exposure and significant liver fibrosis," Lee said. "If more people with PCE exposure are screened for liver fibrosis, the disease can be caught earlier and patients may have a better chance of recovering their liver function," said Lee.
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Scientists find 15 gut bacteria that may drive heart disease | ScienceDaily
    	Heart disease remains the world's top killer, claiming more lives each year than any other condition.
    	Scientists are uncovering how gut microbes may influence coronary artery disease (CAD), one of the most common and serious forms of heart disease.
    	A research team in Seoul has identified 15 specific bacterial species connected to CAD, offering new insight into how the gut and heart interact.
    	Their analysis reveals several biological pathways tied to disease severity, including heightened inflammation and disruptions in metabolism that may worsen heart health.

Cardiovascular diseases claim nearly 20 million lives each year, making them the leading cause of death worldwide. While genetics and lifestyle factors clearly affect a person's heart health, scientists are discovering that microorganisms living in the gut may also have an important influence. These microbes appear to be deeply involved in the development of coronary artery disease (CAD), though their exact roles have long been unclear.

Recent research suggests that the gut microbiome may promote CAD through a variety of biological pathways, influencing inflammation and metabolism in ways that impact the arteries. However, which specific bacteria are responsible -- and how they contribute to disease progression -- has remained uncertain.

Mapping Microbes in Coronary Artery Disease

Researchers in Seoul are beginning to unravel this mystery. Writing in mSystems, a team led by Han-Na Kim, Ph.D., at the Samsung Advanced Institute for Health Sciences and Technology at Sungkyunkwan University, examined how gut microbes interact with the cardiovascular system. "We've gone beyond identifying 'which bacteria live there' to uncovering what they actually do in the heart-gut connection," Kim explained.

The team analyzed fecal samples from 14 people with CAD and compared them to samples from 28 healthy participants using metagenomic sequencing, a powerful technique that identifies all the DNA within a sample. This approach allowed them to reconstruct the genetic makeup of individual microbes. From this analysis, the researchers identified 15 bacterial species linked to CAD and mapped the pathways that connect these microbes to the severity of the disease.

Inflammation, Imbalance, and Microbial Shifts

According to Kim, "Our high-resolution metagenomic map shows a dramatic functional shift toward inflammation and metabolic imbalance, a loss of protective short-chain fatty acid producers, such as Faecalibacterium prausnitzii, and an overactivation of pathways, such as the urea cycle, linked to disease severity."




The findings suggest that the gut ecosystem in people with CAD undergoes significant changes that promote inflammation and disrupt normal metabolic processes. These shifts may help explain why the gut microbiome plays such a strong role in cardiovascular disease.

When "Good" Bacteria Turn Harmful

Surprisingly, the study also showed that bacteria typically seen as beneficial can sometimes become harmful. Microbes such as Akkermansia muciniphila and F. prausnitzii, often considered "friendly" species, appear to act differently depending on whether they come from a healthy or a diseased gut. This dual nature, Kim noted, highlights how context can transform even protective microbes into contributors to disease.

The results also revealed how complex it is to link specific bacteria to disease outcomes. Earlier research had reported that certain species within the family Lachnospiraceae decrease in people with CAD. Yet Kim's team found that other Lachnospiraceae species actually increase in abundance. "Lachnospiraceae may be the Dr. Jekyll and Mr. Hyde of the gut," Kim said. Some types appear beneficial, while others may worsen disease. "The big unanswered question now is which strains are the healers, and which are the troublemakers."

Toward Precision Microbial Medicine

The researchers plan to combine microbial data with genetic and metabolic information to better understand how gut microbes influence heart disease at a mechanistic level. Their long-term goal is to develop precision-based treatments that use microbial insights to prevent cardiovascular disease before it begins.

Kim emphasized that prevention is the most promising approach to lowering the global impact of heart disease. Potential strategies could include microbial therapies -- such as stool-based diagnostic screening -- or dietary interventions designed to restore beneficial bacteria or inhibit harmful pathways.

By uncovering the specific bacterial species and biological mechanisms involved, scientists are moving closer to using the gut microbiome as a powerful tool for maintaining heart health.
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New study finds Ozempic and Mounjaro protect the heart too | ScienceDaily
Weight-loss drugs Ozempic and Mounjaro deliver impressive heart protection for people with type 2 diabetes.


						    	Large real-world study finds new GLP-1 drugs help protect the heart in people with cardiovascular risk.
    	Clear evidence shows these medications support heart health beyond their weight-loss effects.
    	Semaglutide (Ozempic) and tirzepatide (Mounjaro) offer similar levels of heart protection, with only small differences in results.

GLP-1 Drugs Linked to Better Heart Health

Injectable medications used for weight loss may also lower the risk of major cardiovascular problems in people with type 2 diabetes. Researchers from the Technical University of Munich (TUM) and Harvard Medical School reached this conclusion after analyzing insurance claims data. Their findings show that semaglutide and tirzepatide (sold as Ozempic and Mounjaro) can reduce the risk of serious heart-related events by as much as 18 percent.

The research, published in Nature Medicine, drew on a vast collection of data from U.S. health insurance records. "Those data are collected in routine clinical care and can be used for research. They allow us to answer a broad range of relevant questions efficiently. Importantly, we are studying patients who reflect everyday clinical practice -- unlike the highly selected participants typically enrolled in randomized trials," explains Dr. Nils Kruger, the study's lead author and a physician at the Department of Cardiovascular Diseases at the TUM University Hospital German Heart Center.

Heart Protection Beyond Weight Loss

The results clearly indicate that these newer diabetes treatments help protect the heart in people with elevated cardiovascular risk. Compared with sitagliptin, a diabetes medication known to provide no measurable heart benefits, semaglutide cut the risk of stroke and heart attack by 18 percent. Tirzepatide lowered the combined risk of stroke, heart attack, and death by 13 percent compared with dulaglutide, an older GLP-1 drug already in use.

"Both substances have a cardioprotective effect. Our data show that the benefits emerge from early on, indicating that the effect goes beyond weight loss alone," says Dr. Kruger. However, researchers note that the biological mechanisms behind this protective effect remain uncertain.




Because semaglutide and tirzepatide are relatively new, studies directly examining their cardiovascular effects have been limited, especially those comparing the two drugs head-to-head. The research team from TUM, Harvard Medical School, and Brigham and Women's Hospital aimed to fill this knowledge gap to guide better treatment decisions for patients at risk of heart disease.

Comparing Ozempic and Mounjaro

"According to the manufacturers' claims, each one suggests its own product is more effective than the competitor's at reducing cardiovascular risk," says Prof. Heribert Schunkert, Director of the Department of Cardiovascular Diseases at TUM University Hospital. "Our study, however, shows only small differences in heart outcomes between tirzepatide and semaglutide in the risk groups we analyzed."

Dr. Kruger adds: "We hope our findings will provide clarity to physicians about how these new medications perform in clinical practice. Our transparent study design is also intended to support open scientific discussion about whether and how modern GLP-1 drugs should become part of the standard therapeutic repertoire in cardiovascular medicine."

Recently, Dr. Kruger's team was able to show that treatment with semaglutide or tirzepatide can reduce health risks for people with heart failure with preserved ejection fraction by over 40 percent. The study has been published in the journal JAMA (PMID: 40886075). 

This work was funded by the National Institutes of Health (R01-HL141505, R01-AR080194) and the German Heart Foundation (S/02/24, SRF-HF/24, RWE/11/25).
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Wegovy and Ozempic tied to dramatically lower cancer deaths | ScienceDaily
A new study from the University of California San Diego suggests that glucagon-like peptide-1 (GLP-1) receptor agonists, a class of medications originally developed for type 2 diabetes, may have benefits that extend far beyond blood sugar and weight management. These drugs, which include semaglutide (sold as Ozempic and Wegovy) and tirzepatide (known as Mounjaro), are already well known for helping people lose weight and manage metabolic conditions. Now, researchers have discovered that they might also be linked to better survival outcomes in colon cancer patients.


						
The study analyzed medical records from more than 6,800 people diagnosed with colon cancer across University of California Health facilities. Patients who were taking GLP-1 medications were less than half as likely to die within five years compared to those not using the drugs (15.5% versus 37.1%). This striking difference points to a potentially powerful new use for drugs that are already transforming diabetes and obesity treatment.

The research was led by Raphael Cuomo, Ph.D., an associate professor in the Department of Anesthesiology at UC San Diego School of Medicine and a member of the UC San Diego Moores Cancer Center. His team used the University of California Health Data Warehouse to review outcomes across the state's academic medical centers.

After accounting for important factors such as age, body mass index (BMI), cancer severity, and other health conditions, the team found that people taking GLP-1 drugs still had a significantly lower risk of death. This consistency suggests the protective benefit of GLP-1 therapy may be independent of other medical or lifestyle variables.

Why GLP-1 Drugs Might Protect Against Cancer

The benefit appeared strongest in patients with obesity (BMI over 35). This finding hints that GLP-1 drugs may help offset some of the inflammation and metabolic stress that can make cancer harder to treat.

Scientists are exploring several possible explanations for this effect. GLP-1 receptor agonists are known to lower inflammation throughout the body, enhance insulin sensitivity, and promote weight loss -- all factors that can influence cancer growth and progression. Experimental studies in laboratories also indicate that GLP-1 drugs may directly inhibit the growth of tumor cells, encourage cancer cell death, and alter the surrounding environment within tumors to make them less supportive of disease spread.




However, researchers caution that it is still unclear whether the lower death rate seen in this study reflects a direct anti-cancer action or an indirect result of improved overall metabolic health.

Next Steps: Clinical Trials Needed

Dr. Cuomo emphasized that the findings are observational, meaning they do not yet prove that GLP-1 drugs directly improve cancer outcomes. These results highlight an urgent need for clinical trials to test whether GLP-1 medications can actually enhance cancer survival, particularly among patients with obesity-related cancers.

The study was published in Cancer Investigation on November 11, 2025.
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What brain scans reveal about soccer fans' passion and rage | ScienceDaily
Researchers studying the brains of soccer fans found that certain areas of the brain light up when people watch matches featuring their favorite team. These neural circuits trigger strong emotional reactions -- both positive and negative -- depending on how the game unfolds. The findings, published in Radiology (a journal of the Radiological Society of North America, RSNA), suggest that the same brain mechanisms that drive sports passion could also underlie other forms of fanaticism. According to the authors, these emotional circuits begin forming early in life.


						
Soccer's worldwide following makes it an ideal model for studying social identity and emotional processing. Fans display a wide range of behaviors, from casual support to intense, deeply personal involvement with their teams. Rivalries, which have long been part of sports history, can evoke fierce loyalty and emotional extremes. Fans often experience joy when their team scores and anger or frustration at losses or poor referee calls. These deep attachments, particularly common in Europe and South America, make soccer fandom a valuable case study for understanding how group identity shapes emotion and behavior.

Exploring the Neuroscience of Fanaticism

"Soccer fandom provides a high-ecological-validity model of fanaticism with quantifiable life consequences for health and collective behavior," said lead author Francisco Zamorano, biologist, Ph.D. in medical sciences at Clinica Alemana de Santiago and associate professor at Facultad de Ciencias para el Cuidado de la Salud, Universidad San Sebastian, Santiago, Chile. "While social affiliation has been widely studied, the neurobiological mechanisms of social identity in competitive settings are unclear, so we set out to investigate the brain mechanisms associated with emotional responses in soccer fans to their teams' victories and losses."

The research team used functional MRI (fMRI) -- a method that measures brain activity by tracking changes in blood flow -- to scan 60 healthy male soccer fans (ages 20-45) who supported two historically rival teams. Participants completed the Football Supporters Fanaticism Scale, a 13-item questionnaire measuring two aspects of fandom: "Inclination to Violence" and "Sense of Belongingness."

During the scans, participants watched 63 goal clips featuring their own team, their rival, or a neutral team. The researchers then compared brain responses when a fan's team scored against a rival (a significant victory) with responses when the rival scored against them (a significant defeat). Control conditions were used for goals involving non-rival teams.

How the Brain Reacts to Victory and Defeat

The results showed that brain activity shifted dramatically depending on whether the participant's team succeeded or failed.




"Rivalry rapidly reconfigures the brain's valuation-control balance within seconds," Dr. Zamorano said. "With significant victory, the reward circuitry in the brain is amplified relative to non-rival wins, whereas in significant defeat the dorsal anterior cingulate cortex (dACC) -- which plays an important role in cognitive control -- shows paradoxical suppression of control signals."

Paradoxical suppression occurs when an effort to restrain a thought, feeling, or behavior produces the opposite effect, intensifying rather than diminishing it.

When Emotion Overpowers Control

The scans revealed higher activity in the brain's reward regions when a participant's team scored against a rival compared to non-rival matches. This suggests that rivalry strengthens in-group bonds and reinforces social identity. Dr. Zamorano noted that the effect was strongest among the most devoted fans, whose self-regulatory systems temporarily failed when their team identity felt threatened -- explaining why some fans may react impulsively during high-stakes moments.

"Clinically, the pattern implies a state-dependent vulnerability whereby a brief cooling-off or removal from triggers might permit the dACC/salience control system to recover," he explained. "The same neural signature -- reward up, control down under rivalry -- likely generalizes beyond sport to political and sectarian conflicts."

From Sports Passion to Social Polarization

According to Dr. Zamorano, understanding these brain mechanisms could inform communication strategies, crowd management, and prevention efforts at emotionally charged events.




"Studying fanaticism matters because it reveals generalizable neural mechanisms that can scale from stadium passion to polarization, violence and population-level public-health harm," he said. "Most importantly, these very circuits are forged in early life: caregiving quality, stress exposure, and social learning sculpt the valuation-control balance that later makes individuals vulnerable to fanatic appeals. Therefore, protecting childhood is the most powerful prevention strategy. Societies that neglect early development do not avoid fanaticism; they inherit its harms."

Beyond the Stadium: Lessons for Society

The study's authors emphasize that soccer fandom offers an ethical, controlled way to study these neural processes and test strategies that could apply to broader social issues -- including political division, sectarian conflict, and online tribalism.

Dr. Zamorano added that this research carries urgency amid today's global tensions and political polarization. He pointed to the January 6, 2021, U.S. Capitol assault as an example of how intense group identity can override democratic norms when cognitive control breaks down.

"The participants showed classic signs of compromised cognitive control, exactly what our study found in the reduced dACC activation," he said. "In short, investigating fanaticism is not merely descriptive -- it is developmentally informed prevention that protects public health and strengthens democratic cohesion. When we discuss fanaticism, the facts speak for themselves."
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The rarest element on Earth could revolutionize cancer treatment | ScienceDaily
Astatine is the rarest naturally occurring element on Earth and among the least explored in the periodic table. True to its Greek name meaning "unstable," it exists only fleetingly in nature. Yet scientists at Texas A&M University have found a way to harness its potential. Using cyclotron beams and advanced chemical techniques, they have created a method to produce, isolate, and ship astatine-211 (At-211), an isotope that -- despite its instability and short 7.2-hour half-life -- shows remarkable promise in targeted cancer treatment.


						
The "Goldilocks" Isotope for Cancer Therapy

At-211 is often called the "perfect" or "Goldilocks" isotope because it can deliver just the right amount of radiation to destroy cancer cells while leaving the surrounding tissue unharmed. This breakthrough isotope has demonstrated strong potential against blood cancers, ovarian tumors, and certain brain cancers. Within the Texas A&M Cyclotron Institute, scientists are producing At-211 using the K150 cyclotron with support from the U.S. Department of Energy (DOE) Isotope Program. Since 2023, Texas A&M has been one of only two national suppliers of astatine for targeted cancer therapy through the National Isotope Development Center (NIDC) and its University Isotope Network.

"Targeted alpha therapy is a potentially transformative cancer therapeutic of great interest due to its ability to cause large amounts of damage near a tumor cell while keeping the healthy surrounding tissue and organs intact," said Texas A&M Distinguished Professor and Regents Professor of Chemistry Dr. Sherry J. Yennello, director of the Cyclotron Institute. "We are one of a handful of U.S. centers capable of routinely producing astatine in medically relevant quantities and delivering it to nearby facilities."

Harnessing the Power of Alpha Particles

When astatine decays, it emits alpha particles -- tiny clusters made of two protons and two neutrons -- that can release powerful, localized bursts of energy. These alpha particles are highly effective in destroying cancer cells because they travel only a short distance before releasing their energy, minimizing damage to healthy tissue. When At-211 is positioned within or near tumors, its alpha emissions penetrate just deep enough to eliminate cancerous cells while sparing surrounding organs.

At-211's short half-life also means it quickly loses its radioactivity, making it less toxic than longer-lived radiopharmaceuticals. Unlike many other isotopes, At-211 does not produce harmful secondary alpha decay, ensuring that its energy is used efficiently for therapy. This combination of precision and safety has drawn attention from researchers and pharmaceutical developers worldwide. It is already being tested in clinical trials for blood cancers and explored for potential use in treating Alzheimer's disease.




"Astatine-211's availability remains the biggest hurdle to harnessing its potential to transform the future of nuclear medicine," Yennello said. "Fortunately, the advances we're making here at Texas A&M will go a long way toward addressing that."

A Breakthrough in Isotope Production and Transport

One of Texas A&M's major achievements has been the creation of an automated system to separate and ship At-211. This patent-pending technology purifies the isotope by removing it from the bismuth target and then loads it onto a shipping column for incorporation into targeted alpha therapy drugs. According to Yennello, the new resin-column trapping technique allows for faster processing, enabling larger quantities of At-211 to be shipped with minimal decay and reduced risk compared with traditional methods. This improvement strengthens the case for At-211 as a viable next-generation cancer treatment.

Texas A&M has already delivered significant batches of At-211 to collaborators, including the University of Alabama at Birmingham and MD Anderson Cancer Center, which has received more than two dozen shipments. These partnerships are helping researchers refine At-211-based radiopharmaceuticals and deepen understanding of its chemical behavior.

Collaboration and Global Progress

Yennello and Dr. Federica Pisaneschi, a former MD Anderson radiochemist now at the University of Texas Health Science Center at Houston, are scheduled to present their findings at the 2025 World Astatine Community Meeting in New Orleans. Their talk, titled "The Texas Two-Step," will highlight their combined experience producing, shipping, and applying At-211 for therapeutic use. This first U.S.-based meeting will bring together researchers and commercial groups dedicated to expanding At-211's role in cancer treatment worldwide.

Yennello recently shared Texas A&M's progress at another major event -- the 26th International Symposium on Radiopharmaceutical Sciences, held in Queensland -- where she emphasized growing international interest in At-211 research.

"Although clinical trials in humans are in the early stages, there are initiatives currently looking at astatine-211's potential in Japan, several European countries and the United States," Yennello said. "I'm looking forward to sharing Texas A&M's success in producing and supplying astatine-211 while also learning more about global progress in our common efforts to better understand its chemical properties and possible therapeutic advancement in oncology."

This pioneering research is supported by the DOE Office of Science through the DOE Isotope Program, by Texas A&M through the Bright Chair in Nuclear Science, and by The Texas A&M University System Nuclear Security Office in partnership with Los Alamos National Laboratory.
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Tiny implant wipes out bladder cancer in 82% of patients | ScienceDaily
A new targeted drug delivery system called TAR-200 has shown remarkable results in a phase 2 clinical trial, eliminating tumors in 82% of patients with high-risk non-muscle-invasive bladder cancer that had resisted prior treatment.


						
In most cases, the cancer disappeared within three months of therapy, and nearly half of the patients remained cancer-free one year later.

"Traditionally, these patients have had very limited treatment options. This new therapy is the most effective one reported to date for the most common form of bladder cancer," said Sia Daneshmand, MD, director of urologic oncology at Keck Medicine of USC and lead author of the study, which was published in the Journal of Clinical Oncology. "The findings of the clinical trial are a breakthrough in how certain types of bladder cancer might be treated, leading to improved outcomes and saved lives.

How the TAR-200 System Works

The TAR-200 device is a small, pretzel-shaped implant that holds the chemotherapy drug gemcitabine. It is inserted into the bladder using a catheter, where it gradually releases the drug over the course of three weeks in each treatment cycle.

Traditionally, gemcitabine has been delivered as a liquid solution that remains in the bladder for only a few hours, which limited its effectiveness in killing cancer cells, said Daneshmand, who is also a member of the USC Norris Comprehensive Cancer Center.

"The theory behind this study was that the longer the medicine sits inside the bladder, the more deeply it would penetrate the bladder and the more cancer it would destroy," he explained. "And it appears that having the chemotherapy released slowly over weeks rather than in just a few hours is a much more effective approach."

Details of the Global Clinical Trial




The study, called SunRISe-1, took place at 144 sites around the world, including Keck Hospital of USC. It enrolled 85 patients diagnosed with high-risk non-muscle-invasive bladder cancer.

This form of cancer is the most common type of bladder cancer. It is classified as high risk when tumors are more likely to recur or spread into the bladder's muscle layer or to other areas of the body.

Standard Treatments and the Need for New Options

Patients in the trial had previously been treated with Bacillus Calmette-Guerin (BCG), an immunotherapy drug that is the current standard of care. However, for a portion of patients, BCG is ineffective and the cancer returns.

"The standard treatment plan for these patients was surgery to remove the bladder and surrounding tissue and organs, which has many health risks and may negatively impact patients' quality of life," said Daneshmand.

Strong Results with Fewer Side Effects

To provide a safer alternative, doctors administered TAR-200 every three weeks for six months, followed by four treatments per year for the next two years. Out of 85 patients, 70 experienced complete tumor disappearance, and nearly half remained cancer-free after one year. The therapy was well tolerated, with minimal side effects reported.




Researchers also found that combining TAR-200 with another immunotherapy drug (cetrelimab) was less effective and caused more side effects than TAR-200 alone.

Participants in the study will continue to be monitored for another year, but enrollment is now closed.

The Promise of Slow-Release Cancer Therapies

This study is part of a growing wave of research exploring slow-release drug delivery systems for cancer treatment. These approaches aim to provide longer-lasting exposure to cancer-fighting drugs directly at the tumor site.

"We are at an exciting moment in history," said Daneshmand, who has been investigating this technology since 2016. "Our mission is to deliver cancer-fighting medications into the bladder that will offer lasting remission from cancer, and it looks like we are well on our way toward that goal."

The U.S. Food and Drug Administration has granted TAR-200 a New Drug Application Priority Review, which allows the agency to expedite its evaluation. The device is manufactured by Johnson & Johnson.

Disclosure: Daneshmand has received grants/research funding and travel reimbursement from Johnson & Johnson, as well as consulting payments from Johnson & Johnson Innovative Medicine (formerly Janssen Pharmaceuticals).
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This 14th century story fooled the world about the Black Death | ScienceDaily
Researchers have traced long-standing myths about the rapid spread of the Black Death across Asia to a single source from the fourteenth century.


						
For centuries, depictions of the plague racing along the Silk Route, devastating cities and towns in its path, have been based on a misunderstanding of a rhyming story rather than a historical record.

The work in question is a "maqama" -- an Arabic literary form that often features a wandering "trickster." Written by the poet and historian Ibn al-Wardi in Aleppo in 1348/9, the piece was later mistaken for an eyewitness account of how the disease traveled across the continent.

A Story Mistaken for Science

Modern genetic evidence suggests that the bacteria responsible for the Black Death most likely originated in Central Asia. Some scientists, influenced by Ibn al-Wardi's narrative, still argue that the plague spread from Kyrgyzstan to the Black and Mediterranean seas in less than ten years, setting off the catastrophic pandemic that swept Western Eurasia and North Africa in the late 1340s. This interpretation, sometimes referred to as the "Quick Transit Theory," rests heavily on taking Ibn al-Wardi's poetic work literally.

The new study challenges this idea, questioning whether it is realistic that the bacterium could have traveled more than 3,000 miles in just a few years and caused such a widespread outbreak between 1347 and 1350.

A Trickster Plague and a Century of Confusion

In his maqama, Ibn al-Wardi personifies the plague as a mischievous wanderer who brings death to one region after another over a 15-year journey. The tale begins beyond China, moves through India, Central Asia, and Persia, and finally reaches the Black Sea, the Mediterranean, Egypt, and the Levant. Because the author later quoted sections of this story in his historical writing, many later readers assumed it was factual.




According to researchers Muhammed Omar, a PhD candidate in Arab and Islamic Studies, and Nahyan Fancy, a historian of Islamic medicine at the University of Exeter, the confusion began in the fifteenth century when Arab chroniclers -- and later European historians -- started to treat the story as a literal account of the Black Death's spread.

The Text at the Center of a Historical Web

Professor Fancy explained: "All roads to the factually incorrect description of the spread of the plague lead back to this one text. It's like it is in the centre of a spider's web of the myths about how the Black Death moved across the region.

"The entire trans-Asian movement of plague and its arrival in Egypt prior to Syria has always been and continues to be based upon Ibn al-Wardi's singular Risala, which is unsubstantiated by other contemporary chronicles and even maqamas. The text was written just to highlight the fact the plague travelled, and tricked people. It should not be taken literally."

The Cultural Role of the Maqama

The maqama genre emerged in the late tenth century and became especially popular from the twelfth century onward. During the fourteenth century, Mamluk writers in the Islamic world particularly valued the style, and many of their works -- including those about the plague -- survive today in libraries around the world. These stories were intended to be performed or read aloud in a single sitting.




Ibn al-Wardi's Risala was one of at least three plague-themed maqamas written in 1348-49. The study highlights how such texts offer insight not into the disease's route, but into how people of the time coped with unimaginable loss and upheaval.

Revisiting Earlier Outbreaks

Recognizing Ibn al-Wardi's work as a fictional composition allows historians to shift focus toward earlier, lesser-known epidemics, such as those that struck Damascus in 1258 and Kaifeng in 1232-33. Scholars can now explore how communities remembered these earlier crises and how such memories influenced later understandings of the Black Death.

Finding Humanity in Historical Crisis

Professor Fancy added: "These writings can help us understand how creativity may have been a way to exercise some control and served as a coping mechanism at this time of widespread death, similar to the way people developed new culinary skills or artistic skills during the Covid-19 pandemic.

"These maqamas may not give us accurate information about the how the Black Death spread. But the texts are phenomenal because they help us see how people at the time were living with this awful crisis."
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Scientists turn body fat into bone to heal spinal fractures | ScienceDaily
Researchers at Osaka Metropolitan University have developed a promising new method to repair spinal fractures using stem cells extracted from adipose tissue, or body fat. In animal studies, the treatment successfully healed spinal injuries in rats that mimic osteoporosis-related fractures seen in humans. Because these cells are easy to collect, even from older adults, and cause minimal strain on the body, the technique could provide a gentle, non-invasive alternative for treating bone diseases.


						
Osteoporosis weakens bones, making them fragile and more likely to break. As Japan's population continues to age, the number of people affected is projected to surpass 15 million. Among the various types of fractures caused by osteoporosis, compression fractures of the spine, known as osteoporotic vertebral fractures, are the most common. These injuries can result in long-term disability and severely reduce quality of life, highlighting the need for safer and more effective treatments.

How Fat-Derived Stem Cells Help Rebuild Bone

Stem cells derived from adipose tissue (ADSCs) show strong potential for repairing bone damage. These multipotent cells can develop into various types of tissue, including bone. When ADSCs are cultivated into three-dimensional spherical groups called spheroids, their ability to promote tissue repair increases. Pre-differentiating these spheroids toward bone-forming cells further enhances their effectiveness in stimulating bone regeneration.

Led by Graduate School of Medicine student Yuta Sawada and Dr. Shinji Takahashi, the Osaka research team used ADSCs to create bone-differentiated spheroids and combined them with b-tricalcium phosphate, a material commonly used in bone reconstruction. The mixture was applied to rats with spinal fractures, resulting in significant improvements in bone healing and strength.

The researchers also observed that genes responsible for bone formation and regeneration became more active after the treatment, suggesting that the approach stimulates the body's natural healing processes.

Promising Outlook for Future Treatments

"This study has revealed the potential of bone differentiation spheroids using ADSCs for the development of new treatments for spinal fractures," said Sawada. "Since the cells are obtained from fat, there is little burden on the body, ensuring patient safety."

Dr. Takahashi added, "This simple and effective method can treat even difficult fractures and may accelerate healing. This technique is expected to become a new treatment that helps extend the healthy life of patients."

The findings were published in Bone & Joint Research.
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Running on little sleep? You're twice as likely to get hurt | ScienceDaily
If you're one of the 620 million people who regularly go for a run, you probably like to get an early start. But if you haven't slept well the night before, you could be putting yourself at greater risk of injury.


						
A new study led by Professor Jan de Jonge, a work and sports psychologist at Eindhoven University of Technology in the Netherlands (and Adjunct Professor at the University of South Australia), found that insufficient and poor-quality sleep significantly increases the chance of getting hurt while running.

In a survey of 425 recreational runners, the researchers discovered that participants who reported shorter sleep duration, lower sleep quality, or frequent sleep problems were almost twice as likely to experience an injury compared to those who slept well.

The results, published in Applied Sciences, provide what Prof de Jonge calls "compelling evidence that sleep is a critical yet often overlooked component of injury prevention."

"While runners specifically focus on mileage, nutrition and recovery strategies, sleep tends to fall to the bottom of the list," he explains. "Our research shows that poor sleepers were 1.78 times more likely to report injuries than those with stable, good quality sleep, with a 68% likelihood of sustaining an injury over a 12-month period. That's a strong reminder that how well you rest is just as important as how hard you train."

Sleep: The Missing Element in Runner Recovery

Recreational running remains one of the most popular sports worldwide, yet it carries a substantial risk of injury. Studies estimate that up to 90% of runners will be injured at some point, resulting in millions of dollars lost each year in medical bills and missed work.




Prof de Jonge's team took a comprehensive approach, examining sleep not only in terms of duration but also quality and disorders. This broader view helped identify how different aspects of sleep contribute to physical vulnerability.

"Sleep is a vital biological process that allows the body and mind to recover and adapt to the physical and mental demands of training," says Prof de Jonge. "When sleep is disrupted or insufficient, the body's ability to repair tissues, regulate hormones and maintain focus diminishes, all of which can increase injury risk."

The study revealed that runners who struggled with falling asleep, woke up frequently during the night, or rarely felt rested were the most prone to injury. In contrast, those who maintained consistent sleep schedules and felt well-rested reported significantly fewer injuries.

Rethinking Training: Why Sleep Deserves Equal Priority

Prof de Jonge emphasizes that the research carries important lessons for both recreational and competitive runners, as well as for coaches and health professionals.

"We often assume that more training equals better performance, but that's not necessarily the case," he notes. "Runners (especially those balancing training with work, family and social commitments) may actually need more sleep than average adults to recover properly. Sleep should be treated as a performance priority, not an afterthought."

Experts generally recommend seven to nine hours of sleep per night, though athletes often benefit from additional rest, including short naps, to enhance both physical and mental recovery.




To improve sleep quality, consistent bedtimes, limiting screen use before sleep, reducing caffeine and alcohol, and maintaining a quiet, cool environment are all advised.

"Sleep quality and sleep duration are both important, but quantity often provides the bed-rock," Prof de Jonge concludes. "Sleep should be recognized not only as a recovery tool, but also as a potential predictor of injury vulnerability in recreational sports."

The study, "Sleep Matters: Profiling Sleep Patterns to Predict Sports Injuries in Recreational Runners," was published in Applied Sciences.
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Clearing brain plaques isn't enough to heal Alzheimer's | ScienceDaily
Researchers at Osaka Metropolitan University in Japan, led by graduate student Tatsushi Oura and Dr. Hiroyuki Tatekawa, discovered that the Alzheimer's treatment lecanemab, which removes amyloid plaques from the brain, does not improve the brain's waste clearance system in the short term.


						
The results indicate that even after treatment, the nerves of Alzheimer's disease (AD) patients remain damaged and the brain's natural waste-removal ability does not recover quickly. This finding highlights the disease's complexity and the need for therapies that target more than one biological pathway at once.

Alzheimer's Disease: A Complex and Multifactorial Disorder

The study adds to growing evidence that Alzheimer's is a multifaceted disease. It is the most common form of neurodegenerative disorder, yet remains one of the most difficult to treat because it develops through several overlapping causes.

One major contributor to nerve cell damage in AD is the buildup of the protein amyloid-b (Ab) in the brain. In healthy individuals, a network called the glymphatic system circulates cerebrospinal fluid through spaces around arteries into brain tissue. There, it mixes with interstitial fluid to remove metabolic waste, including Ab. The term "glymphatic" comes from the glial cells that play a key role in this process.

How Alzheimer's Disrupts the Brain's Cleanup System

In people with Alzheimer's, Ab accumulates and causes arteries to stiffen, slowing the flow of fluids between brain tissue and cerebrospinal fluid. This disruption blocks the brain's ability to clear out waste, setting off a cascade of damaging neurodegenerative effects that lead to the symptoms of the disease.




Lecanemab, a recently approved antibody therapy, is designed to reduce the buildup of amyloid-b. To test its effects, the Osaka Metropolitan University team examined the glymphatic system in patients before and after receiving lecanemab treatment. They used a specialized imaging measure known as the DTI-ALPS index to track changes.

No Short-Term Improvement Detected

Despite expectations, the researchers found no significant difference in the DTI-ALPS index between pre-treatment and three months after therapy.

They concluded that while anti-amyloid drugs like lecanemab can lower plaque levels and slow cognitive decline, they may not be enough to restore lost brain function. By the time symptoms appear, both neuronal damage and waste clearance impairments are likely well established and difficult to reverse. This underscores how Alzheimer's involves a network of biological problems, not just plaque buildup.

Next Steps: Understanding Why the Brain Doesn't Recover

"Even when Ab is reduced by lecanemab, impairment of the glymphatic system may not recover within the short-term," Oura said. "In the future, we want to look at factors like age, the stage of the disease, and degree of lesions in the white matter to further understand the relationship between changes in the glymphatic system due to lecanemab treatment and the outcome of treatment. This will help understand the best way to administer treatment to patients."

The research was published in the Journal of Magnetic Resonance Imaging.
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Scientists find brain chemical tied to trauma and depression | ScienceDaily
Neuroscientists from Columbia University and McGill University have identified a brain chemical that appears to drive depression and suicidal thinking in individuals who faced trauma or hardship during childhood.


						
The researchers found that high levels of a stress-related protein called SGK1 are closely associated with depression among people who endured early-life adversity. This discovery opens the door to a new type of antidepressant that blocks SGK1 activity and may be more effective for people who were neglected or abused as children.

Studies show that about 60% of adults in the United States diagnosed with major depression and roughly two-thirds of those who attempt suicide experienced some form of trauma or adversity during childhood.

"Current antidepressants are often less effective for people with a history of childhood adversity, who represent a large proportion of adults with depression," says the study's lead author, Christoph Anacker, assistant professor of clinical neurobiology in the Department of Psychiatry at Columbia University Vagelos College of Physicians and Surgeons. "What's exciting about our study is that it raises the prospect of quickly developing new treatments, as SGK1 inhibitors are in development for other conditions, and gives us a screening tool to identify people at greatest risk."

Why Depression After Early Trauma May Be Different

Childhood adversity (such as physical abuse or growing up in a dysfunctional family) is one of the strongest predictors of depression in adulthood.

While common antidepressants like SSRIs are helpful for many people, they are less effective for those who experienced early trauma. "This suggested to us that the biological processes that lead to depression and suicidality in general may differ from those with less stressful childhoods," Anacker explains.




Around ten years ago, Anacker's team discovered unusually high levels of SGK1 -- a stress-responsive protein -- in the blood of unmedicated patients with depression.

Evidence of SGK1's Role in Depression and Suicide

In the latest research, the scientists examined the brains of adults who had died by suicide and found elevated SGK1 levels. Those who had suffered childhood trauma showed the highest concentrations, up to twice as much as others who had also died by suicide.

The researchers also studied children exposed to early adversity and discovered that those carrying genetic variants that increase SGK1 production were more likely to experience depression as teenagers. These findings point to SGK1 as a biological driver of depression and suicidal behavior, particularly among people affected by trauma early in life.

Developing a New Kind of Antidepressant

Based on these results, Anacker and his colleagues suggest that drugs designed to block SGK1 might help prevent or treat depression in individuals with a history of trauma. In experiments with mice, SGK1 inhibitors delivered into the bloodstream prevented the animals from developing depressive-like behaviors during chronic stress.




SGK1 inhibitors are already being evaluated for use in other conditions, including atrial fibrillation. Anacker's team now hopes to begin clinical trials in people who have depression and a background of early life adversity. The researchers also propose that genetic screening could identify individuals most likely to benefit from an SGK1-targeted antidepressant.

"There's an urgent need to identify and treat people with the greatest risk of depression and suicide after exposure to early life adversity and SGK1 is a promising avenue to explore," Anacker says.

The research, titled "Hippocampal SGK1 promotes vulnerability to depression: the role of early life adversity, stress, and genetic risk," was published in Molecular Psychiatry.

Authors include Amira Millette (Columbia), Milena T. van Dijk (Columbia), Irina Pokhvisneva (McGill), Yifei Li (Columbia), Rory Thompson (Columbia), Sachin Patel (McGill), Rosemary C. Bagot (McGill), Aniko Naray-Fejes-Toth (Dartmouth), Geja Fejes-Toth (Dartmouth), Patricia Palufo-Silveira (McGill), Gustavo Turecki (McGill), Juan Pablo Lopez (Karolinksa Institute), and Christoph Anacker (Columbia).

The study was funded by a NARSAD Young Investigator award from the Brain & Behavior Research Foundation and the Columbia University Department of Psychiatry.
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Goodbye cavities? This new toothpaste made from hair can heal enamel | ScienceDaily
A new approach to oral care may come from an unexpected source: your own hair. Researchers have found that toothpaste made from keratin, a protein naturally present in hair, skin, and wool, could both protect and repair damaged teeth while offering a sustainable alternative to traditional dental treatments.


						
Scientists from King's College London discovered that keratin can rebuild tooth enamel and halt the early stages of decay. When keratin interacts with the minerals found in saliva, it forms a coating that closely replicates the composition and protective function of natural enamel.

Dr. Sherif Elsharkawy, senior author and consultant in prosthodontics at King's College London, explained: "Unlike bones and hair, enamel does not regenerate, once it is lost, it's gone forever."

Protecting Teeth from Erosion and Cavities

Everyday habits, from drinking acidic beverages to poor brushing routines, wear away enamel over time. This erosion can lead to sensitivity, discomfort, and eventually tooth loss. While fluoride toothpaste helps slow this process, the keratin-based formulation in the new study went further, completely preventing it in laboratory tests.

Keratin creates a dense, mineralized barrier over the tooth's surface, blocking the nerve channels responsible for sensitivity. This not only protects against further damage but also provides immediate relief from discomfort, addressing both cause and symptom.

The researchers envision the treatment being available in two forms: a daily-use toothpaste or a professional gel applied by dentists, similar to nail varnish. According to the team, keratin-based enamel repair products could be accessible to the public within two to three years.




How Keratin Helps Teeth Heal Themselves

In the study, published in Advanced Healthcare Materials, scientists extracted keratin from wool and applied it to tooth surfaces. When exposed to the natural minerals present in saliva, the protein organized itself into a crystal-like structure that mimicked real enamel.

Over time, this microscopic framework continued to attract calcium and phosphate ions, gradually forming a durable, enamel-like layer. The finding marks an important milestone in regenerative dentistry and brings researchers closer to treatments that can rebuild the tooth's protective shell rather than just patching damage.

Sustainable, Natural, and Clinically Effective

Sara Gamea, PhD researcher at King's College London and the study's first author, said: "Keratin offers a transformative alternative to current dental treatments. Not only is it sustainably sourced from biological waste materials like hair and skin, it also eliminates the need for traditional plastic resins, commonly used in restorative dentistry, which are toxic and less durable. Keratin also looks much more natural than these treatments, as it can more closely match the color of the original tooth."

The research addresses growing concerns about the environmental impact of dental materials and the long-term use of fluoride. By using recycled biological materials, this approach could make dental care more eco-friendly while reducing dependence on synthetic compounds.




A New Era of Biotech Dentistry

"This technology bridges the gap between biology and dentistry, providing an eco-friendly biomaterial that mirrors natural processes," said Gamea.

Dr. Elsharkawy added: "We are entering an exciting era where biotechnology allows us to not just treat symptoms but restore biological function using the body's own materials. With further development and the right industry partnerships, we may soon be growing stronger, healthier smiles from something as simple as a haircut."

The work received support from the Wellcome Trust Seed Award, King's College London, the Academy of Medical Sciences 'Starter Grants for Clinical Lecturers', and the National Institute of Health Research.
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Hidden weakness makes prostate cancer self-destruct | ScienceDaily
An international team of researchers has identified a new weakness in prostate cancer cells that could lead to more effective treatments for one of the most common cancers among men.


						
The study, published in the Proceedings of the National Academy of Sciences (PNAS), was led by scientists from Flinders University in Australia and South China University of Technology. Their findings highlight two enzymes, PDIA1 and PDIA5, that play a key role in helping prostate cancer cells grow, survive, and resist existing treatments.

Enzymes That Protect Cancer Cells

According to the researchers, PDIA1 and PDIA5 act like molecular bodyguards for the androgen receptor (AR), a protein that drives prostate cancer growth. When these enzymes are blocked, the AR loses stability and breaks apart, causing cancer cells to die and tumors to shrink in both lab cultures and animal models.

The team also discovered that combining drugs that inhibit PDIA1 and PDIA5 with enzalutamide, a standard medication for prostate cancer, made the treatment significantly more effective.

"We've discovered a previously unknown mechanism that prostate cancer cells use to protect the androgen receptor, which is a key driver of the disease," explains senior author Professor Luke Selth, Head of Prostate Cancer Research and Co-Director of the Flinders Health and Medical Research Institute's Cancer Impact program.

"By targeting these enzymes, we can destabilize the AR and make tumors more vulnerable to existing therapies like enzalutamide."

A Promising Combination Therapy




Lead author Professor Jianling Xie, who began the research at Flinders University, said the combination therapy worked well in both patient-derived tumor samples and mouse models, showing strong potential for clinical use.

"This is an exciting step forward," says Dr. Xie, now based at South China University of Technology. "Our findings show that PDIA1 and PDIA5 are not just helpers of cancer growth but they're also promising targets for new treatments that could work alongside existing drugs."

Disrupting Cancer's Energy Supply

The study also revealed that PDIA1 and PDIA5 do more than just protect the AR. They help cancer cells manage stress and maintain their energy production systems. When the enzymes are blocked, the mitochondria -- the cell's power generators -- become damaged, leading to oxidative stress that further weakens the cancer cells.

"This dual impact of hitting both the AR and the cancer's energy supply makes these enzymes especially attractive targets," adds Dr. Xie. "It's like cutting off both the fuel and the engine at the same time."

Next Steps Toward Safer Treatments

Professor Selth notes that while current PDIA1 and PDIA5 inhibitors are promising, they still need to be refined for patient use. Some existing compounds can affect healthy cells, so future studies will focus on designing safer and more selective versions.




Prostate cancer is the second most common cancer in men worldwide. Although treatments such as hormone therapy and AR-targeting drugs have greatly improved survival rates, resistance to these therapies remains a major challenge. This new discovery may help overcome that resistance and improve treatment options for men with advanced prostate cancer.

The research received support from Cancer Council SA, Cancer Council NSW, the Flinders Foundation, the Movember Foundation, the Prostate Cancer Foundation of Australia, The Hospital Research Foundation, Cancer Australia, Masonic Charities Trust, the Australian Research Council, and several international funding organizations.
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New research finds no clear link between acetaminophen (Tylenol) and autism | ScienceDaily

Researchers reported that the reliability of earlier studies and reviews on this topic is rated as low to critically low. They noted that any apparent associations observed in past studies may be influenced by factors shared within families, such as genetics and environmental conditions, rather than by the medication itself.

Safety Guidance for Pregnant Women and Health Professionals

The study authors emphasize that regulators, healthcare providers, pregnant women, parents, and those affected by autism and ADHD should be aware of the poor quality of prior evidence. They recommend that acetaminophen continue to be used when needed to relieve pain or reduce fever during pregnancy, consistent with current medical advice.

Acetaminophen (called paracetamol outside the USA and Japan) remains the standard and recommended treatment for pain and fever in pregnancy and is considered safe by regulatory agencies around the world.

Previous systematic reviews exploring potential risks have been inconsistent in quality. Many did not properly adjust for key factors shared by family members, such as parental health or lifestyle, making it difficult to determine whether acetaminophen itself has any true impact on a baby's brain development.

To clarify this uncertainty, the researchers conducted an "umbrella review" (a comprehensive summary of systematic reviews) to evaluate how strong and reliable the existing evidence is, and to examine whether there is a measurable association between acetaminophen use in pregnancy and the risk of autism or ADHD in children.




Reviewing Data From 40 Studies

The team identified nine systematic reviews that together covered 40 observational studies on acetaminophen exposure during pregnancy and later neurodevelopmental outcomes in children. Four of these reviews included meta-analyses (a statistical technique that combines data from multiple studies to produce a more precise estimate of effect).

Each review was carefully assessed for bias using recognized evaluation tools, and the researchers rated their confidence in the findings as high, moderate, low, or critically low. The amount of overlap between studies in the reviews was also recorded and found to be very high.

Although all reviews reported a possible to strong link between maternal acetaminophen use and autism or ADHD, seven of the nine reviews urged caution when interpreting those findings. Most warned that the results could be skewed by unmeasured factors, known as confounders, such as family genetics or parental health differences.

Overall, confidence in the findings was rated as low for two reviews and critically low for seven. Only one review included two studies that adequately controlled for shared genetic and environmental influences between siblings and accounted for other important factors, including parental mental health, background, and lifestyle.

Adjusted Results Show Little to No Link

In both of these well-controlled studies, any apparent connection between prenatal acetaminophen exposure and autism or ADHD risk largely disappeared or was significantly reduced after adjustments were made. The researchers suggest that these results indicate much of the previously observed risk can be explained by family-related factors rather than by the medication itself.




The authors acknowledge several limitations in the available research. The included reviews varied in scope and methodology, did not address dosage or timing of exposure, and focused only on autism and ADHD outcomes.

Even so, the new overview brings together all relevant evidence using established quality-assessment methods. It highlights what the authors describe as "the lack of robust evidence linking acetaminophen use in pregnancy and autism and ADHD in offspring."

They conclude: "The current evidence base is insufficient to definitively link in utero exposure to acetaminophen with autism and ADHD in childhood. High quality studies that control for familial and unmeasured confounders can help improve evidence on the timing and duration of acetaminophen exposure, and for other child neurodevelopmental outcomes."
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Surprising heart study finds daily coffee may cut AFib risk by 39% | ScienceDaily
New research suggests that drinking coffee may actually help protect against atrial fibrillation (AFib), a common heart rhythm disorder that causes the heart to beat too quickly and irregularly, sometimes leading to stroke or heart failure.


						
For years, doctors have advised people with AFib and other heart issues to stay away from caffeine, fearing it could worsen symptoms. But a new study from UC San Francisco and the University of Adelaide has found the opposite: participants who drank one cup of caffeinated coffee a day had a 39% lower risk of developing AFib.

Why Coffee May Help the Heart

"Coffee increases physical activity which is known to reduce atrial fibrillation," explained Gregory M. Marcus, MD, MAS, an electrophysiologist at UCSF Health and the senior author of the study, published November 9 in JAMA. Marcus added that "caffeine is also a diuretic, which could potentially reduce blood pressure and in turn lessen AFib risk. Several other ingredients in coffee also have anti-inflammatory properties that could have positive effects."

Rates of AFib have been climbing in recent years, largely due to aging populations and increasing obesity. More than 10 million adults in the United States have been diagnosed, and experts estimate that as many as one in three people may experience the condition at some point in their lives.

Testing Coffee's Effect on Heart Rhythm

To explore whether coffee helps or harms, researchers designed the DECAF study (Does Eliminating Coffee Avoid Fibrillation?), the first randomized clinical trial to test the relationship between caffeinated coffee and AFib. The project was funded by the National Institutes of Health.




The trial involved 200 patients who were regular coffee drinkers and had persistent AFib or a related condition known as atrial flutter, along with a history of AFib. All were scheduled to undergo electrical cardioversion, a procedure that uses a controlled electrical shock to restore normal heart rhythm. Participants were randomly assigned to either drink at least one cup of caffeinated coffee or an espresso shot each day, or to completely avoid coffee and other caffeinated beverages for six months.

Coffee Drinkers Had Lower Risk

At the end of the study, the group that drank coffee experienced a 39% lower risk of recurring AFib episodes. In addition to coffee's potential anti-inflammatory effects, the researchers proposed that those who drank coffee may have naturally replaced less healthy drinks, such as sugary sodas, with coffee instead.

"The results were astounding," said first author Christopher X. Wong, PhD, of UCSF, the University of Adelaide, and the Royal Adelaide Hospital. "Doctors have always recommended that patients with problematic AFib minimize their coffee intake, but this trial suggests that coffee is not only safe but likely to be protective."

Authors from UCSF include Gabrielle Montenegro; Hannah H. Oo; Isabella J. Pena; Janet J. Tang, PhD; Grace Wall; Thomas A. Dewland, MD; Joshua D. Moss, MD; Edward P. Gerstenfeld, MD; Zian H. Tseng, MD; Henry H. Hsia, MD; Randall J. Lee, MD, PhD; Jeffrey E. Olgin, MD; Vasanth Vedantham, MD; Melvin M. Scheinman, MD; and Catherine Lee, PhD.

Marcus is supported by R01 HL158825-01, R01 HL167975-01, R01 DA058069-01, and R01 HL159069-01A1 grants from the National Heart, Lung and Blood Institute, as well as R01 AA022222 from the National Institute on Alcohol Abuse and Alcoholism.
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Vitamin D3 breakthrough halves risk of second heart attack | ScienceDaily
A new study from Intermountain Health in Salt Lake City reports that a personalized vitamin D3 treatment plan for patients who have suffered a heart attack can greatly reduce their chances of another one.


						
In a large randomized clinical trial, researchers found that managing patients' vitamin D levels through a "target-to-treat" approach -- where blood levels were monitored and dosages were adjusted to reach an optimal range -- cut the likelihood of a second heart attack by 50%.

The findings were presented on Nov. 9 at the 2025 American Heart Association Scientific Sessions in New Orleans.

Encouraging Early Results from Intermountain Researchers

These results are very encouraging, said Heidi May, PhD, cardiovascular epidemiologist at Intermountain Health and the study's principal investigator. "We observed no adverse outcomes when giving patients higher doses of vitamin D3 supplementation, and to significantly reduce the risk of another heart attack, which are exciting results," said Dr. May. "We're excited with these results but know we have further work to do to validate these findings."

According to researchers, the results carry global importance, as between one-half and two-thirds of people worldwide have low levels of vitamin D.

In the past, most individuals received sufficient vitamin D through sunlight exposure. Today, with lifestyle changes and medical advice aimed at reducing skin cancer risk, people spend less time in the sun and must rely more on dietary supplements such as vitamin D3 to maintain healthy levels.




From Observation to Precision Treatment

Low vitamin D levels have long been linked to poor cardiovascular outcomes in observational studies. However, earlier clinical trials that provided standard supplementation doses failed to show measurable reductions in heart disease risk. Intermountain scientists wanted to test a different idea: rather than giving everyone the same dose, what if supplementation was adjusted to reach a specific, healthy vitamin D level?

"Previous studies just gave patients supplementation without regularly checking blood levels of vitamin D to determine what supplementation achieved," said Dr. May. "With more targeted treatment, when we checked exactly how supplementation was working and made adjustments, we found that patients had their risk of another heart attack cut in half."

Inside the TARGET-D Clinical Trial

The Intermountain study, called the TARGET-D trial, ran from April 2017 to May 2023 and included 630 patients who had suffered a heart attack within a month of enrolling. Participants were followed until March 2025 to monitor cardiovascular outcomes.

Patients were randomly assigned to one of two groups: one received no vitamin D management, and the other underwent active, targeted vitamin D3 treatment.




The goal for the treatment group was to raise blood vitamin D levels to above 40 nanograms per milliliter (ng/mL). At the start, 85% of participants had vitamin D3 levels below that threshold (<40 ng/mL).

Dosing, Monitoring, and Results

More than half of the patients receiving targeted therapy required an initial dose of 5,000 international units (IU) of vitamin D3, compared to typical supplement recommendations of 600-800 IU.

Vitamin D blood levels were checked annually for those maintaining healthy levels. Patients with lower levels were tested every three months and had their dosage adjusted until reaching the 40 ng/mL target. Afterward, their levels were monitored once a year.

Researchers tracked major cardiac events (MACE), including heart attacks, strokes, heart failure hospitalizations, or deaths. Out of 630 participants, 107 experienced such events. While there was no significant difference in the overall risk of MACE between the two groups, the chance of having a second heart attack was cut in half among those receiving targeted vitamin D treatment.

Next Steps for Heart and Vitamin D Research

Researchers plan to expand their work with a larger clinical trial to confirm and build upon these findings.

A larger study group will allow us to more fully evaluate whether targeted vitamin D management can reduce not only repeat heart attacks but also other forms of cardiovascular disease, said Dr. May.
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A hidden breathing problem may be behind chronic fatigue's crushing exhaustion | ScienceDaily
Chronic fatigue syndrome leaves many people completely drained of energy and struggling to think clearly, and their symptoms often worsen after mental or physical exertion -- a reaction known as post-exertional malaise. Researchers studying shortness of breath in people with chronic fatigue have now found that these patients are much more likely to experience dysfunctional breathing. This irregular breathing pattern may be linked to dysautonomia, a disorder involving abnormal nerve control of blood vessels and muscles. By focusing treatment on these breathing irregularities, scientists believe it may be possible to ease some of the debilitating symptoms.


						
"Nearly half of our chronic fatigue subjects had some disorder of breathing -- a totally unappreciated issue, probably involved in making symptoms worse," said Dr. Benjamin Natelson of the Icahn School of Medicine, senior author of the study published in Frontiers in Medicine. "Identifying these abnormalities will lead researchers to new strategies to treat them, with the ultimate goal of reducing symptoms."

Breathe easy

The study included 57 people diagnosed with chronic fatigue syndrome and 25 healthy individuals of similar age and activity level. All participants completed two days of cardiopulmonary exercise tests. During these sessions, the researchers monitored heart rate, blood pressure, oxygen uptake efficiency, blood oxygen saturation, and how much effort participants used to breathe. They also analyzed breathing rate and patterns to detect signs of hyperventilation and dysfunctional breathing.

Dysfunctional breathing is often seen in asthma patients, but it can develop for many different reasons. Typical features include frequent deep sighs, rapid breathing, forceful exhalation from the abdomen, or chest breathing without proper diaphragm use, which prevents the lungs from fully expanding. It can also involve a lack of coordination between chest and abdominal movements, meaning the muscles that support breathing are no longer working smoothly together.

"While we know the symptoms generated by hyperventilation, we remain unsure what symptoms may be worse with dysfunctional breathing," said Dr. Donna Mancini of the Icahn School of Medicine, first author of the study. "But we are sure patients can have dysfunctional breathing without being aware of it. Dysfunctional breathing can occur in a resting state."

Catching your breath

Results showed that people with chronic fatigue syndrome took in roughly the same amount of oxygen as the control group -- their peak VO2 max was similar. However, 71% of the chronic fatigue group showed breathing abnormalities, such as hyperventilation, dysfunctional breathing, or both.




Almost half of the chronic fatigue participants breathed irregularly during the tests, compared to only four people in the control group. About one-third of the fatigue patients hyperventilated, while just one person in the control group did. Nine patients had both hyperventilation and dysfunctional breathing, a combination not seen in any of the controls.

Both of these breathing disorders can produce symptoms similar to those of chronic fatigue, including dizziness, difficulty concentrating, shortness of breath, and exhaustion. When both occur together, they can also cause chest pain, palpitations, fatigue, and (unsurprisingly) anxiety. The researchers believe that these breathing problems may worsen the effects of chronic fatigue or even play a direct role in post-exertional malaise.

"Possibly dysautonomia could trigger more rapid and irregular breathing," said Mancini. "It is well known that chronic fatigue syndrome patients often have dysautonomia in the form of orthostatic intolerance, which means you feel worse when upright and not moving. This raises the heart rate and leads to hyperventilation."

Pulmonary physiotherapy?

These findings suggest that addressing dysfunctional breathing could help relieve some symptoms of chronic fatigue. The researchers plan to continue investigating how dysfunctional breathing and hyperventilation interact. Although more studies are needed before any official treatments are recommended, they already have several promising ideas.

"Breathing exercises via yoga could potentially help, or gentle physical conditioning where breath control is important, as with swimming," suggested Natelson. "Or biofeedback, with assessment of breathing while encouraging gentle continuous breath use. If a patient is hyperventilating, this can be seen by a device that measures exhaled CO2. If this value is low, then the patient can try to reduce the depth of breathing to raise it to more normal values."
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New bacterial therapy destroys cancer without the immune system | ScienceDaily
A research team led by Professor Eijiro Miyako at the Japan Advanced Institute of Science and Technology (JAIST), in collaboration with Daiichi Sankyo Co., Ltd. and the University of Tsukuba, has created an innovative cancer treatment that works without relying on the immune system. The new approach uses a unique microbial partnership known as AUN, forming the foundation of an immune-independent bacterial therapy.


						
The concept of bacterial cancer therapy dates back to 1868, when German physician Busch reported that a cancer patient deliberately infected with bacteria later experienced remission. In 1893, Dr. William Coley further advanced this idea by developing bacterial-based treatments, paving the way for modern immunotherapies such as checkpoint inhibitors and CAR-T cell therapies.

While these treatments have transformed cancer care, they share a major drawback: they depend heavily on the immune system. For patients whose immunity is weakened by chemotherapy or radiotherapy, such therapies often fail to work effectively.

AUN: Two Bacteria in Perfect Balance

The newly developed AUN therapy directly overcomes this limitation. It is made up of two naturally occurring bacterial species:
    	Proteus mirabilis (A-gyo), a bacterium that naturally resides in tumors
    	Rhodopseudomonas palustris (UN-gyo), a photosynthetic bacterium

Together, these bacteria act in harmony to destroy cancer cells in both animal and human models. Remarkably, they succeed even when immune function is impaired. AUN has shown strong compatibility with the human body and few side effects, including suppression of cytokine release syndrome (CRS), a potentially dangerous immune reaction.

How AUN Works to Eliminate Tumors

The AUN consortium achieves its tumor-fighting power through a series of coordinated mechanisms:
    	Precisely targeting and destroying tumor blood vessels and cancer cells
    	Undergoing a structural transformation in A-gyo (filamentation) triggered by tumor-specific metabolites, which enhances its ability to kill cancer cells
    	Adjusting the bacterial ratio inside the tumor environment, shifting from an initial mix of roughly 3:97 (A-gyo to UN-gyo) to about 99:1, maximizing its therapeutic strength
    	Reducing toxicity and minimizing side effects, including avoidance of CRS




Harmony Between Opposites

UN-gyo only becomes active and beneficial when paired with A-gyo, serving as a regulator that curbs harmful bacterial activity while increasing their cancer-killing precision. This mutual cooperation embodies the Japanese concept of "AUN," symbolizing balance and harmony between opposites. It is this finely tuned relationship that gives the therapy its exceptional results, achieving what traditional immune-dependent treatments could not.

Toward Clinical Trials and a New Era in Cancer Therapy

"We are preparing to launch a startup to advance this technology and hope to begin clinical trials within six years," explained Professor Miyako. "A new chapter in bacteria-based cancer therapy -- pursued for over 150 years -- is finally beginning."

This groundbreaking method marks a turning point for cancer patients with weakened immune systems. It offers a long-sought option where conventional immunotherapies fall short, signaling the arrival of truly immune-independent cancer treatment.

The findings have been published in Nature Biomedical Engineering.
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New online tool can predict how well blood pressure drugs will work | ScienceDaily
A groundbreaking Blood Pressure Treatment Efficacy Calculator, developed using data from nearly 500 randomized clinical trials involving more than 100,000 participants, now enables doctors to estimate how much different medications can lower a patient's blood pressure.


						
Recently published in The Lancet, the research behind this tool could transform how high blood pressure is managed. It allows doctors to tailor therapy to each patient's needs based on how much they need to reduce their blood pressure.

"This is really important because every 1mmHg reduction in systolic blood pressure lowers your risk of heart attack or stroke by two percent," said Nelson Wang, cardiologist and Research Fellow at The George Institute for Global Health.

"But with dozens of drugs, multiple doses per drug, and most patients needing two or more drugs, there are literally thousands of possible options, and no easy way to work out how effective they are," he said.

Turning Data Into Smarter Treatment Choices

The new calculator addresses this complexity by analyzing average treatment effects across hundreds of studies. It also classifies therapies as low, moderate, or high intensity, depending on how much they reduce blood pressure (BP) -- an approach already used in cholesterol management.

A single blood pressure medication, which is still the standard way most treatments begin, typically lowers systolic BP by only 8-9 mmHg. Many patients, however, need drops of 15-30 mmHg to reach healthy targets.




Dr. Wang explained that although doctors have traditionally adjusted therapy by monitoring each patient's blood pressure readings, those measurements are too variable to depend on alone.

The Problem With "Noisy" Blood Pressure Readings

"Blood pressure changes from moment to moment, day to day and by season -- these random fluctuations can easily be as big or larger than the changes brought about by treatment," he said.

"Also, measurement practices are often not perfect, bringing in an additional source of uncertainty -- this means it's very hard to reliably assess how well a medicine is working just by taking repeated measurements."

Anthony Rodgers, Senior Professorial Fellow at The George Institute for Global Health, noted that while high blood pressure is the most common reason people visit their doctor, there has never been a single, comprehensive source showing how effective different drugs are, particularly when combined or used at different doses.

A New Approach to Managing Hypertension

"Using the calculator challenges the traditional 'start low, go slow, measure and judge' approach to treatment, which comes with the high probability of being misled by BP readings, inertia setting in or the burden on patients being too much," he said.




"With this new method you specify how much you need to lower blood pressure, choose an ideal treatment plan to achieve that based on the evidence, and get the patient started on that ideally sooner rather than later."

The next step will be to test this approach in a clinical trial, where treatments are prescribed according to how much a patient needs to lower their blood pressure, using the calculator as a guide.

A Global Health Challenge

High blood pressure remains one of the world's most serious health threats, affecting an estimated 1.3 billion people and contributing to about ten million deaths every year.1

Often referred to as a "silent killer" because it produces no obvious symptoms, hypertension can go unnoticed until it leads to heart attack, stroke, or kidney disease. Fewer than one in five people with the condition have it adequately controlled.2

"Given the enormous scale of this challenge, even modest improvements will have a large public health impact -- increasing the percentage of people whose hypertension is under control globally to just 50% could save many millions of lives," Professor Rodgers said.

The Blood Pressure Treatment Efficacy Calculator is freely available at www.bpmodel.org.

Notes
    	Global report on hypertension: the race against a silent killer. Geneva: World Health Organization; 2023. Licence: CC BY-NC-SA 3.0 IGO
    	World Heart Federation. Hypertension. https://world-heart-federation.org/what-we-do/hypertension/
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AI unravels the hidden communication of gut microbes | ScienceDaily
Gut bacteria play a major role in human health, influencing everything from digestion to immunity and mood. Yet, the microbiome's complexity is staggering. The sheer number of bacterial species and their interactions with human chemistry have made it difficult for scientists to fully understand their effects. In a groundbreaking step, researchers at the University of Tokyo applied a type of artificial intelligence known as a Bayesian neural network to study gut bacteria. Their goal was to uncover connections that traditional data analysis methods often miss.


						
While the human body contains roughly 30 to 40 trillion human cells, the intestines alone harbor about 100 trillion bacterial cells. In other words, we carry more bacterial cells than our own. These microbes aren't just involved in digestion; they also produce and modify thousands of compounds called metabolites. These small molecules act as chemical messengers, circulating through the body and influencing metabolism, immunity, and even brain function. Understanding how specific bacteria produce particular metabolites could unlock new ways to support overall health.

Mapping the Microbial Puzzle

"The problem is that we're only beginning to understand which bacteria produce which human metabolites and how these relationships change in different diseases," explained Project Researcher Tung Dang from the Tsunoda lab in the Department of Biological Sciences. "By accurately mapping these bacteria-chemical relationships, we could potentially develop personalized treatments. Imagine being able to grow a specific bacterium to produce beneficial human metabolites or designing targeted therapies that modify these metabolites to treat diseases."

The main challenge lies in the sheer scale of the data. With countless bacteria and metabolites interacting in complex ways, identifying meaningful patterns is extremely difficult. To tackle this, Dang and his team turned to advanced artificial intelligence (AI) methods.

Their system, called VBayesMM, uses a Bayesian approach to detect which bacterial groups significantly influence particular metabolites. It also measures uncertainty in its predictions, helping prevent overconfident but incorrect conclusions. "When tested on real data from sleep disorder, obesity and cancer studies, our approach consistently outperformed existing methods and identified specific bacterial families that align with known biological processes," said Dang. "[This gives] confidence that it discovers real biological relationships rather than meaningless statistical patterns."

Understanding the System's Strengths and Limits

Because VBayesMM can recognize and communicate uncertainty, it provides researchers with more trustworthy insights than earlier tools. Although it's optimized for large-scale data, analyzing massive microbiome datasets remains computationally demanding. Over time, however, these costs are expected to decrease as processing power improves. The system also performs best when there is extensive bacterial data compared to metabolite data; otherwise, accuracy can drop. Another limitation is that VBayesMM treats bacteria as independent actors, even though they often interact in complex, interdependent networks.

"We plan to work with more comprehensive chemical datasets that capture the complete range of bacterial products, though this creates new challenges in determining whether chemicals come from bacteria, the human body or external sources like diet," said Dang. "We also aim to make VBayesMM more robust when analyzing diverse patient populations, incorporating bacterial 'family tree' relationships to make better predictions, and further reducing the computational time needed for analysis. For clinical applications, the ultimate goal is identifying specific bacterial targets for treatments or dietary interventions that could actually help patients, moving from basic research toward practical medical applications."

By using AI to navigate the vast and intricate world of gut microbes, researchers are moving closer to unlocking the microbiome's potential to transform personalized medicine.
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Doctors found a way to stop a deadly metformin reaction | ScienceDaily
Metformin-associated lactic acidosis (MALA) is an uncommon but potentially life-threatening complication linked to the diabetes medication metformin. The condition occurs when excessive lactic acid builds up in the body, leading to dangerous changes in blood chemistry. Researchers developed and evaluated a clinical protocol aimed at improving how MALA is recognized and treated. Their findings were presented at ASN Kidney Week 2025.


						
The protocol emphasized the immediate start of dialysis as soon as MALA was identified, using one of three methods: intermittent hemodialysis, continuous kidney replacement therapy, or peritoneal dialysis. The program was introduced at Maharat Nakhonratchasima Hospital (MNRH) in Thailand, while Burirum Hospital (BH) served as a comparison site and continued standard care without the new approach.

Over a five-year study period, the researchers analyzed 347 total cases (70 at MNRH before the protocol, 129 after the protocol, and 148 at BH).

Major Reductions in Deaths and Faster Treatment

Results showed striking improvements at Maharat Nakhonratchasima Hospital. The 30-day death rate fell from 25.7% before the new system to 13.9% afterward. At Burirum Hospital, which did not adopt the protocol, mortality rates remained unchanged (27.2% and 30%).

The ongoing data at MNRH showed a steady decline in deaths, dropping by 2.08% per quarter throughout the intervention period. Average "door-to-dialysis" time -- the time between a patient's hospital admission and the start of dialysis -- was shortened from 870 minutes to 690 minutes. Awareness of MALA among medical staff also rose dramatically, from 38.5% to 89.9% after implementation.

Faster Response, Greater Awareness, and Better Outcomes

"A standardized MALA protocol covering diagnosis, access, and treatment shortened door-to-dialysis time, increased awareness, and reduced care variation," said corresponding author Watanyu Parapiboon, MD, of Maharat Nakhon Ratchasima Hospital in Thailand. "Fast-track dialysis pathways should be adopted for time-sensitive conditions like MALA. Availability of all dialysis modalities ensures flexibility and enables timely treatment initiation."




Study: "Reducing Mortality in Metformin-Associated Lactic Acidosis (MALA) Through a Fast-Track Clinical Pathway: A Controlled Interrupted Time Series Quality Improvement Study."

Metformin Overview

Metformin is one of the most commonly prescribed medications for managing type 2 diabetes. It works by improving the body's sensitivity to insulin, reducing the amount of glucose produced by the liver, and enhancing glucose uptake by muscle cells. The drug is well established for its effectiveness, affordability, and relatively low risk of causing low blood sugar. Beyond diabetes control, research has explored metformin's potential benefits in weight management, heart health, and even aging, although its primary role remains in helping people with type 2 diabetes maintain stable blood sugar levels.

Metformin-Associated Lactic Acidosis Overview

Metformin-associated lactic acidosis (MALA) is a rare but serious medical emergency in which lactic acid accumulates in the bloodstream due to the body's impaired ability to clear it while taking metformin. This condition can lead to dangerously low blood pH, muscle weakness, rapid breathing, confusion, and in severe cases, organ failure or death. MALA typically occurs in patients with underlying kidney problems, liver disease, or conditions that limit oxygen delivery to tissues. While extremely uncommon, it requires urgent diagnosis and immediate treatment -- often including dialysis -- to remove excess acid and prevent life-threatening complications.
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A simple DNA test could reveal the right antidepressant for you | ScienceDaily
Depression and anxiety are the most widespread mental health disorders in the world. Around 300 million people live with depression, and roughly 301 million have an anxiety disorder, affecting nearly 8 percent of the global population.


						
Yet for many, finding the right treatment can be a slow and frustrating process. When patients first seek help, the medications they're prescribed often fail to work. In fact, nearly half of all people treated for depression or anxiety experience little or no benefit from their initial prescription, forcing them to try multiple drugs over weeks or even months before finding relief.

A New Genetic Approach to Treatment

A research team from Germany, Sweden, and Denmark believes they may have found a solution. They've developed a genetic approach that could help doctors predict which antidepressant or anti-anxiety medication will actually work for a specific person.

The method uses what are known as polygenic risk scores (PRS), which analyze a person's DNA to assess how their genetic variations might influence their response to certain medications. With just one genetic test, scientists can now estimate which drugs are most likely to help an individual patient.

Although this technique has so far only been tested using genetic research databases rather than real patients, the results are promising.

Lead author Professor Fredrik Ahs from the Department of Psychology and Social Work at Mid Sweden University hopes to move the research into clinical trials soon.




"We believe this technology could be used to develop more targeted tests. The long-term goal is a test that doctors can use to choose the right medicine, and looking at our genes is one way of doing it," Ahs says. "We're interested in looking into biomarkers as well. Hopefully, in the future, we'll have a cheap and effective test that enables us to alleviate people's suffering much faster."

Building on Genetic Research from Aarhus University

The project began two years ago when Ahs reached out to Professor Doug Speed from the Center for Quantitative Genetics and Genomics at Aarhus University in Denmark. Ahs wanted to apply Speed's advanced polygenic risk score models to his research on mental health treatment.

Speed has spent years refining ways to analyze complex human genetic data, focusing especially on how genes influence psychological conditions.

"The last 10 years, we've been working towards using polygenic risk scores to predict disease. It's very challenging because many diseases are caused by thousands of variations across the genome," Speed explains. "It turns out that these polygenic risk scores can predict our response to drugs, which is a bit surprising, but a significant step forward."

He has already developed PRS models for several psychiatric disorders, including schizophrenia, anxiety, bipolar disorder, and depression -- all of which were used in this new study.




What Are Polygenic Risk Scores?

Since the mapping of the human genome in the early 2000s, scientists have discovered thousands of small variations in DNA that can influence health. Humans have roughly 20,000 genes, and each comes in multiple versions (known as alleles). Some alleles are linked to a higher likelihood of developing specific diseases.

Researchers like Speed compile this information to create polygenic risk scores -- tools that combine the effects of many genetic variations to estimate a person's risk for certain conditions.

When developing a PRS for depression, for example, researchers analyze a person's genome to see how many depression-linked variants they carry. The more risk-associated variations present, the higher the individual's genetic risk score. Some variants, however, have a stronger influence than others.

Twin Data Reveals How Genes Affect Drug Response

Polygenic risk scores don't diagnose mental illnesses. Instead, they estimate the likelihood of developing one. But they may also help explain why some treatments work better for certain people.

To explore this, Ahs and his team applied polygenic risk scores to data from the Swedish Twin Registry, the largest of its kind in the world. This database allows researchers to compare the relative effects of genetics and environment on health and behavior.

Because twins share nearly identical DNA, patterns that appear consistently across twin pairs often point to genetic causes. Ahs identified 2,515 individuals from the registry who had been prescribed medications for depression or anxiety. By examining which drugs they used, whether they switched prescriptions, and how their treatment progressed, the researchers could infer which medications were most effective.

"We then looked at the polygenic risk scores of these individuals, and it became clear that if you had a higher risk score for depression or anxiety, drugs like benzodiazepine and histamines had a smaller effect," Ahs says. "More research is needed, but hopefully, we'll be able to develop accurate tests in the future that can predict which kind of drugs will most likely have an effect on you."

Important Limitations and Next Steps

Like most scientific research, the study has some limitations. Ahs explains that while the dataset was extensive, it wasn't perfect.

"The data on the patient's response and nonresponse to different drugs was based on which drugs were prescribed to them, not clinical notes. We can infer a lot from the prescription data, but we can't be sure if there was a slight bias," he says.

"In other words, we don't know exactly why they changed drugs. Was it because of side effects, lack of remission, or something else? We did compare our results with other studies that used clinical assessment, and they were consistent with ours."

The researchers also had to restrict their analysis to a specific time window, meaning some earlier prescriptions may not have been included.

"This might have influenced the number of individuals who received only one drug in our study. Some of them could have received other drugs before that weren't registered in our data. That's one of the reasons why we want to do a clinical follow-up study," Ahs adds.

Toward Personalized Psychiatry

Although more research is needed, the findings suggest a future where choosing an antidepressant might no longer depend on trial and error. A simple genetic test could one day help doctors match patients with the most effective treatment from the start -- potentially saving time, reducing side effects, and improving lives for millions around the world.
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DNA's hidden power could transform how we make medicines | ScienceDaily
Researchers at the National University of Singapore (NUS) have uncovered a new way to use deoxyribonucleic acid (DNA). Beyond carrying genetic information, DNA can also serve as a tool for creating medicines more efficiently. Specific regions of DNA known as phosphates act like tiny "hands" that guide chemical reactions to form the correct mirror-image version of a compound.


						
Many medicines are chiral, meaning they exist in two mirror-image forms -- similar to a pair of hands -- that can behave differently inside the body. One version may effectively treat disease, while the other could have little benefit or even cause harm. Producing only the desired form is a major challenge in drug development, but the new DNA-guided method could make this process cleaner, simpler, and more environmentally sustainable.

DNA and proteins naturally attract one another in living cells because DNA's phosphate groups carry a negative charge, while many amino acids are positively charged. The NUS team, led by Assistant Professor Zhu Ru-Yi from the Department of Chemistry, wondered whether this same type of attraction could help control chemical reactions in the lab. Their goal was to see if DNA could guide molecules to react in specific, predictable ways.

How DNA's Phosphates Guide Chemistry

The researchers found that certain phosphate groups in DNA can pull in positively charged molecules during a chemical reaction, helping them align correctly -- much like a magnet drawing a metal bead into place. This process, known as "ion pairing," keeps the reacting molecules close together and oriented just right to produce a single, desired mirror-image product. The team showed that this guiding effect works across several different chemical reactions.

To pinpoint which phosphates were responsible for this guiding ability, the team created a new experimental approach called "PS scanning." They systematically replaced individual phosphate sites in the DNA with nearly identical substitutes and repeated their tests. When swapping out a phosphate reduced the selectivity of the reaction, it revealed that the original site played a crucial role. To confirm their findings, they collaborated with Professor Zhang Xinglong from The Chinese University of Hong Kong, who used computer simulations to validate the experimental results.

The work was published in Nature Catalysis on October 31, 2025.




DNA as a Green Chemistry Tool

Asst Prof Zhu explained, "Nature never uses DNA phosphates as catalysts, but we have shown that if designed properly, they can act like artificial enzymes."

He added that the discovery could make chemical manufacturing both more sustainable and more efficient, especially when producing complex, high-value pharmaceuticals.

The team plans to continue exploring how DNA phosphates can be used to design and produce chiral (mirror-image) compounds for next-generation drug development.
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Common antidepressant found to work in just two weeks | ScienceDaily
A widely used antidepressant, sertraline (sold under the brand names Zoloft and Lustral), appears to bring modest improvements in key depression and anxiety symptoms within the first two weeks of treatment, according to a new analysis led by researchers at University College London (UCL).


						
The study, published in Nature Mental Health, re-examined results from the landmark PANDA trial, originally released in 2019. That earlier research found that sertraline eased anxiety before it had a measurable impact on depression. In this new work, scientists applied a more detailed method known as network analysis, which allowed them to track how specific symptoms -- rather than overall depression scores -- responded to the medication.

Breaking Down Symptom Changes

By examining symptom-level data, the team found that patients taking sertraline experienced measurable improvements in low mood and suicidal thoughts within two weeks. At the same time, some physical side effects such as tiredness, reduced appetite, and lower libido were noted. Because these effects overlap with common symptoms of depression, interpreting their cause requires caution.

The researchers suggest that earlier analyses, which combined all depressive symptoms into a single measure, may have masked improvements in the most central emotional symptoms of depression.

In this refined analysis, early benefits were seen in feelings of sadness, self-criticism, restlessness, and suicidal ideation.

Revisiting the PANDA Trial

The PANDA trial, a randomized controlled study, investigated how sertraline affected people in England experiencing mild to moderate depressive symptoms. In 2019, results published in The Lancet Psychiatry showed that anxiety and overall mental health improved within six weeks of treatment, while major depressive symptoms did not meaningfully improve until 12 weeks.




This new analysis focused on data from 571 participants who provided complete symptom records. The findings suggest that emotional recovery may begin earlier than previously believed, with certain core depressive features responding more quickly to sertraline than the overall depression scores indicated.

Side Effects and Emotional Balance

Some physical or "somatic" symptoms, including poor sleep and low libido, tended to worsen initially. While these may be side effects of selective serotonin reuptake inhibitors (SSRIs) like sertraline, they are also frequent signs of depression itself, making the results more complex to interpret.

Lead author Dr. Giulia Piazza (UCL Psychiatry and UCL Psychology & Language Sciences) explained, "We have now painted a more complex picture of sertraline's effects on the different symptoms of depression. Instead of thinking of depression and anxiety as each being a single, uniform condition, network analysis considers that they're each a constellation of symptoms, that can appear in different combinations for different people."

She added that understanding these relationships could reveal how certain symptoms, such as poor sleep, may trigger others like reduced concentration and self-esteem.

Timeline of Effects

The analysis showed that improvements in emotional and anxiety symptoms began within two weeks and continued to increase over time. Meanwhile, physical symptoms worsened slightly in the early stages but stabilized after about six weeks.




Dr. Piazza noted, "It appears that the adverse effects on somatic symptoms like poor sleep and libido may stabilize after six weeks, which is then counteracted by continued improvements in emotional symptoms, the core symptoms of depression."

Broader Impact and Clinical Implications

Sertraline, a member of the SSRI class, remains one of the most frequently prescribed treatments for both depression and generalized anxiety disorder.

Professor Glyn Lewis (UCL Psychiatry), who led the original PANDA trial, said, "Our findings provide robust evidence that continues to support the prescription of sertraline for people experiencing depressive and anxiety symptoms. These findings will help patients and clinicians to make more informed decisions about treatment."

Co-senior author Professor Jean-Baptiste Pingault (UCL Psychology & Language Sciences) added, "We found that the beneficial effects of sertraline can be detected very early on, as soon as two weeks after people start taking the antidepressant. Beyond this study, our results highlight the importance of considering symptom-level effects when developing novel drugs and evaluating existing drugs in psychiatry, and how this can help us to understand how these drugs work and how they can help patients."

The research was supported by Wellcome, while the original PANDA trial received funding from the National Institute for Health Research (NIHR) and the NIHR University College London Hospitals Biomedical Research Centre.

* Original results of the PANDA trial published on UCL News in 2019: Antidepressants may reduce anxiety more than depressive symptoms.
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New laser treatment could stop blindness before it starts | ScienceDaily
Roughly one in three people over the age of 80 experiences age-related macular degeneration (AMD), a condition that affects the retina and leads to central vision loss. In the United States, about 20 million adults aged 40 and older are currently living with AMD. The vast majority have the "dry" form, which develops gradually and eventually causes difficulty seeing objects directly in front of them. Despite being one of the most common causes of vision impairment among older adults, there is still no effective treatment for dry AMD.


						
Researchers at Aalto University have identified a promising new way to slow or even halt the early stages of dry AMD. Their approach focuses on reinforcing the natural defense systems of retinal cells by applying controlled heat, according to Professor Ari Koskelainen.

"Cellular functionality and protective mechanisms weaken with age, which exposes the fundus [the inside surface at the back of the eye] to intense oxidative stress," Koskelainen explains. "Free oxygen radicals damage proteins, which causes them to misfold and aggregate, then fatty protein deposits called drusen begin to accumulate, which is the main diagnostic criterion for the dry form of age-related macular degeneration."

Using Heat to Trigger the Eye's Repair Response

The treatment involves carefully warming the affected tissue by several degrees, a challenging task because it is difficult to measure temperature behind the retina. Temperatures above 45 degrees Celsius can damage tissue, but the Aalto team developed a method that allows real-time temperature monitoring while heating the area with near infrared light. This enables safe, precise control while using heat to activate the eye's natural healing responses at a cellular level.

When proteins inside the eye misfold, cells can respond in several ways. One mechanism involves heat shock proteins, which are produced in response to stress and can help refold damaged proteins into their original structure. If that process fails, the faulty proteins are targeted for breakdown into amino acids so they can be recycled.

If protein build-up has already occurred, another mechanism called autophagy takes over. This process, discovered by Nobel laureate Yoshinori Ohsumi in 2016, encloses the accumulation within a lipid membrane similar to a cell membrane. Recognition proteins on the membrane's surface then signal lysosomal enzymes to begin breaking down and removing damaged material.




"We were able to show that we can activate not only the production of the heat shock proteins, but also autophagy using the heat shocks. This process is like waste disposal," says Koskelainen.

Promising Results and Next Steps

The new technique has already produced positive results in animal studies involving mice and pigs. Human clinical trials are scheduled to begin in Finland in the spring of 2026. The first phase will focus on confirming the safety of the laser treatment before moving on to determine how frequently it should be repeated for lasting results.

"The treatment needs to be repetitive, since the response can already begin to decline some days after the treatment," Koskelainen says.

The findings were published in Nature Communications on October 29. The research team has also launched a spin-off company, Maculaser, to help bring the therapy to clinical use.

"An optimistic schedule would see the method already being used in hospital eye clinics in as little as three years' time," Koskelainen adds. "The eventual goal is that it would be readily available at your local ophthalmologist."
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Scientists find brain cells that could stop Alzheimer's | ScienceDaily
In Alzheimer's disease, the most common cause of dementia, microglia (the brain's immune cells) play a double role. They can protect the brain by clearing harmful debris or, under certain conditions, contribute to damage and inflammation. How these cells behave can strongly influence how the disease unfolds.


						
Scientists from the Icahn School of Medicine at Mount Sinai, together with researchers from the Max Planck Institute for Biology and Ageing in Cologne, Germany, The Rockefeller University, The City University of New York, and other international partners, have identified a unique group of microglia that appear to protect the brain. This discovery could pave the way for new treatment strategies aimed at slowing or preventing Alzheimer's disease.

In a study published November 5 in Nature, the team found that microglia with lower levels of a transcription factor called PU.1 and higher expression of a receptor known as CD28 help reduce brain inflammation. These specialized microglia also slow the buildup of amyloid plaques and the spread of toxic tau proteins, which are both major hallmarks of Alzheimer's.

PU.1 is a protein that binds to specific DNA regions, helping control which genes are activated or silenced. CD28, found on the surface of T cells, acts as a signaling receptor that supports immune cell activation and communication.

How Protective Microglia Work

Using mouse models of Alzheimer's, as well as human brain cells and tissue samples, the researchers showed that reducing PU.1 levels encourages microglia to express immune-regulating receptors typically found in lymphoid cells. Although these protective microglia make up only a small portion of total microglia, their effect is widespread: they suppress inflammation throughout the brain and help preserve memory and survival in mice.

When the scientists removed CD28 from this specific microglial subset, inflammation worsened and plaque growth increased, confirming that CD28 plays an essential role in keeping these brain-protective cells active.




"Microglia are not simply destructive responders in Alzheimer's disease -- they can become the brain's protectors," said Anne Schaefer, MD, PhD, Professor in the Nash Family Department of Neuroscience at the Icahn School of Medicine, Co-Director of the Center for Glial Biology at The Friedman Brain Institute, Director of the Max Planck Institute for Biology of Ageing, and senior author of the paper. "This finding extends our earlier observations on the remarkable plasticity of microglia states and their important roles in diverse brain functions. It also underscores the vital importance of international collaboration in advancing scientific progress."

"It is remarkable to see that molecules long known to immunologists for their roles in B and T lymphocytes also regulate microglial activity," added Alexander Tarakhovsky, MD, PhD, Dr. Plutarch Papamarkou Professor of Immunology, Virology, and Microbiology at The Rockefeller University and co-author of the paper. "This discovery comes at a time when regulatory T cells have achieved major recognition as master regulators of immunity, highlighting a shared logic of immune regulation across cell types. It also paves the way for immunotherapeutic strategies for Alzheimer's disease."

Genetic Clues Point to Lower Alzheimer's Risk

The research expands upon earlier genetic findings by Alison M. Goate, DPhil, Jean C. and James W. Crystal Professor of Genomics and Chair of the Department of Genetics and Genomic Sciences at the Icahn School of Medicine, founding director of the Ronald M. Loeb Center for Alzheimer's Disease at Mount Sinai, and a senior co-author of the study. Dr. Goate's prior work identified a common genetic variant in SPI1 (the gene responsible for producing PU.1) that is linked to a lower risk of developing Alzheimer's disease.

"These results provide a mechanistic explanation for why lower PU.1 levels are linked to reduced Alzheimer's disease risk," said Dr. Goate.

A New Path Toward Immunotherapy for Alzheimer's

The discovery of the PU.1-CD28 relationship offers a new molecular framework for understanding how microglia can protect the brain. It also strengthens the idea that targeting microglial activity through immune-based therapies could alter the course of Alzheimer's disease.

This research was supported by the National Institutes of Health, European Research Council, Stavros Niarchos Foundation, Cure Alzheimer's Fund, Freedom Together Foundation, Belfer Neurodegeneration Consortium Grant, Massachusetts Life Sciences Center, Robin Chemers Neustein Postdoctoral Fellowship Award, Alfred P. Sloan Foundation, Alzheimer's Association, BrightFocus Foundation, National Multiple Sclerosis Society, and Clinical and Translational Science Awards.
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Common pesticides may cause testicular damage and lower sperm counts | ScienceDaily
Today's large-scale farming methods make it nearly impossible to avoid consuming trace amounts of agricultural chemicals, many of which may harm the human body over time.


						
Researchers from George Mason University's College of Public Health and College of Science, led by alumna Sumaiya Safia Irfan and student Veronica Sanchez, examined 21 experimental studies conducted between 2005 and 2025. Their comprehensive review found consistent evidence that exposure to insecticides can negatively affect human health, particularly male reproductive health.

"We concluded it is possible that exposure to these chemicals can lower sperm quality, disrupt hormones, and damage testicular tissue," said Irfan, the study's first author and a master of public health in epidemiology graduate from George Mason.

Widespread Use of Neonicotinoids Raises Concerns

The research focused on neonicotinoid pesticides (neonics), the most extensively used class of insecticides worldwide. These chemicals are commonly applied to crops, where they are absorbed into the soil, water, and plant tissues. Because of this, residues may remain in foods consumed by humans.

To understand potential health effects, Irfan and Sanchez reviewed data from animal studies examining how neonics impact male reproductive health in rodents.

"Many individuals may not realize that insecticide residue found on food could be a contributing factor to infertility. All studies included in this review reported that neonicotinoid exposure was harmful to sperm quality in the male rats and mice," said Sanchez, a master of science in chemistry student and research assistant at the George Mason Center for Applied Proteomics and Molecular Medicine.




Possible Links to Infertility Require Further Study

Although animal research offers critical insights, the full effects of neonic exposure on human reproduction remain uncertain. The authors agree that the findings warrant more investigation before conclusions can be drawn about human health risks.

"These findings warrant pause for reflection, as the extent of the effect of neonics on human health is not yet fully understood," said Sanchez, who will graduate in fall 2025. "There needs to be further research into the effects of neonics on humans so we can begin to discuss mitigation strategies."

Melissa Perry, Dean of the College of Public Health and a contributing author, emphasized the importance of continued research.

"Neonicotinoid insecticide use in U.S. agriculture has grown significantly over the last decade, so we know that exposures happen routinely for a large number of people. We need to conclusively determine how this affects members of the American public," said Perry.

Reducing Exposure to Pesticides at Home

The U.S. Food & Drug Administration (FDA) recommends seven key steps for cleaning fruits and vegetables to remove dirt, surface preservatives, and other residues from farming processes. However, Irfan noted that while washing produce can help reduce some contaminants, it cannot eliminate pesticides that are absorbed throughout the plant.




"In general, you can reduce pesticide exposure by thoroughly washing produce before eating and by minimizing conditions that attract pests into your home that would require you to use some form of pest control. However, because neonicotinoids are often applied systemically, meaning they are absorbed by the plant and present throughout its tissues, they are very difficult if not impossible to remove completely. The best way is to be aware of what you are buying and shop responsibly," Irfan said.

Ongoing Research into Chemical Impacts

The study, "Reproductive Risk of Neonicotinoids: A Review of Male Rodent Studies," was published in the December 2025 issue of the Journal of Environmental Research.

Contributing authors from George Mason University include faculty members Michael Bloom, Helen Chin, Jenna Krall, and Anna Pollack from the College of Public Health, and Virginia Espina and Lance Liotta from the College of Science.

Their collective findings add to growing evidence that modern agricultural chemicals, while vital to crop protection, may carry unseen risks that deserve closer scientific scrutiny.
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A 500-million-year-old brain "radar" still shapes how you see | ScienceDaily
The brain's ability to interpret the visual world does not depend solely on its advanced outer layer, the cortex. A new study in PLOS Biology reveals that an evolutionarily older brain region, the superior colliculus, contains neural networks capable of carrying out fundamental visual computations. These circuits enable the brain to separate objects from their backgrounds and identify which visual cues are most relevant in space.


						
Researchers found that this ancient system, shared across all vertebrates, can independently produce center-surround interactions -- a core visual process that helps detect edges, contrast, and attention-grabbing details in the environment.

"For decades it was thought that these computations were exclusive to the visual cortex, but we have shown that the superior colliculus, a much older structure in evolutionary terms, can also perform them autonomously," explains Andreas Kardamakis, head of the Neural Circuits in Vision for Action Laboratory at the Institute for Neurosciences (IN), a joint center of the Spanish National Research Council (CSIC) and the Miguel Hernandez University (UMH) of Elche. "This means that the ability to analyze what we see and decide what deserves our attention is not a recent invention of the human brain, but a mechanism that appeared more than half a billion years ago."

The Brain's Ancient "Radar" for What Matters

The superior colliculus works like a built-in radar, taking direct signals from the retina before the cortex receives them. It helps determine which parts of the visual scene are most important. When something moves, flashes, or suddenly enters view, this structure reacts first, guiding the eyes toward the new stimulus.

To explore how this process unfolds, the team combined advanced tools such as patterned optogenetics, electrophysiology, and computational modeling. By using light to activate specific retinal pathways and recording responses in mouse brain slices, they discovered that the superior colliculus can suppress a central visual signal when the surrounding area becomes active -- a defining feature of center-surround processing. This effect was supported by cell-type-specific mapping and large-scale computer simulations.

"We have seen that the superior colliculus not only transmits visual information but also processes and filters it actively, reducing the response to uniform stimuli and enhancing contrasts," says Kuisong Song, co-first author of the paper. "This demonstrates that the ability to select or prioritize visual information is embedded in the oldest subcortical circuits of the brain." These results indicate that the mechanisms directing attention are deeply rooted in ancient brain architecture, long before the evolution of higher cortical areas.




Evolutionary Roots and Cognitive Significance

The findings challenge the traditional belief that complex visual processing happens only in the cortex. Instead, they support a hierarchical model in which ancient brain structures handle essential computations crucial for survival, such as detecting threats, following movement, or avoiding obstacles.

"Understanding how these ancestral structures contribute to visual attention also helps us understand what happens when these mechanisms fail," Kardamakis notes. "Disorders such as attention deficit, sensory hypersensitivity, or some forms of traumatic brain injury may partly originate from imbalances between cortical communication and these fundamental circuits."

The research team is now extending their work to live animal models to study how the superior colliculus shapes attention and controls distraction during goal-directed behavior. By understanding how visual distractions translate into actions, scientists hope to uncover the neurological basis of attention and its dysfunction in modern life, where visual overload is common.

An International Collaboration

This research represents a large-scale collaboration between the Karolinska Institutet, KTH Royal Institute of Technology (Sweden), and the Massachusetts Institute of Technology (MIT, USA). It also involved Teresa Femenia, a researcher at IN CSIC-UMH, who played a key role in developing the experimental work.

Building on these discoveries, Andreas Kardamakis and Giovanni Usseglio contributed a chapter to the new Evolution of Nervous Systems series (Elsevier, 2025), edited by JH Kass. Their work broadens the evolutionary perspective, comparing subcortical visual systems across species. They show that structures analogous to the superior colliculus -- found in fish, amphibians, reptiles, birds, and mammals -- share a common purpose: merging sensory and motor information to guide gaze and attention.

This ancient brain organization, conserved for over 500 million years, became the foundation upon which the cortex later evolved its higher cognitive functions. "Evolution did not replace these ancient systems; it built upon them," Kardamakis explains. "We still rely on the same basic hardware to decide where to look and what to ignore."

This work was supported by Spain's State Research Agency (Spanish Ministry of Science, Innovation and Universities), the Severo Ochoa Programme for Centres of Excellence, the Generalitat Valenciana through the CIDEGENT program, the Swedish Research Council, the Swedish Brain Foundation, and the Olle Engkvist Foundation.
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COVID vaccine linked to fewer infections and allergies in kids with eczema | ScienceDaily
Children diagnosed with atopic dermatitis (AD), more commonly known as eczema, could face fewer infections and allergic problems after receiving the COVID-19 vaccine, according to new research presented at the 2025 American College of Allergy, Asthma and Immunology (ACAAI) Annual Scientific Meeting in Orlando.


						
"Atopic dermatitis is a chronic skin condition driven by the immune system and often precedes the development of asthma and allergic rhinitis," explained medical student Tristan Nguyen, BS, the lead author of the study. "Children with AD are also at higher risk for infections, including those affecting the skin and respiratory system."

Large Study Examines Vaccinated vs. Unvaccinated Children

Researchers performed a retrospective cohort study that included 5,758 vaccinated and 5,758 unvaccinated children under the age of 17 who had atopic dermatitis. Participants in both groups were carefully matched for demographic and health characteristics to ensure balanced comparison. Children who had previously been infected with COVID-19 or had serious underlying medical conditions were not included in the study.

"Our study suggests that COVID-19 vaccination not only protects against coronavirus but may also have broader health benefits for children with atopic dermatitis," said principal investigator Zhibo Yang, MD, PhD. "We found lower rates of both allergic conditions and infections among vaccinated children compared to their unvaccinated peers."

Fewer Infections and Allergic Conditions Among Vaccinated Children

The analysis revealed several key trends:
    	Vaccinated children had notably fewer infections, including otitis media, pneumonia, bronchitis, bronchiolitis, sinusitis, upper respiratory infections, impetigo, molluscum contagiosum, and other common skin infections.
    	They were also less likely to develop allergic conditions such as asthma, allergic rhinitis, contact dermatitis, and food-triggered anaphylaxis.
    	There was a longer time between vaccination and the onset of several illnesses, including allergic rhinitis, viral infections, and ear infections.

Possible Role in Preventing Disease Progression




"The results indicate that vaccination may help reduce the likelihood of atopic disease progression, such as the development of asthma, in children with eczema," said Dr. Yang. "It reinforces the safety and potential added benefits of COVID-19 vaccination in this vulnerable population."

These findings add to growing research that highlights vaccination as an important tool not only for preventing COVID-19 but also for supporting overall immune health in children with chronic allergic conditions.

R382  COVID-19 VACCINATION IS ASSOCIATED WITH REDUCED COMPLICATIONS IN PEDIATRIC PATIENTS WITH ATOPIC DERMATITIS 

T. Nguyen, T. Kumala, P. Nguyen, H. Chan, A. Pham, J. Wang, Y. Tanas, Z. Yang.

Introduction: Atopic dermatitis (AD) involves immune dysregulation and increases the risk of allergic and infectious conditions, often preceding asthma and allergic rhinitis in the atopic triad. This study evaluated whether COVID-19 vaccination influences allergic or infection-related outcomes in children with AD.

Methods: A retrospective cohort study using TriNetX compared vaccinated and unvaccinated pediatric AD patients ([?]17 years), excluding those with prior COVID-19 infection or major comorbidities. After 1:1 matching, 5,758 patients per cohort were analyzed using risk ratios (RRs) and hazard ratios (HRs) with 95% CIs (p < 0.05).

Results: COVID-19 vaccination was associated with reduced incidence of multiple infections, including otitis media (RR=0.623; 95%CI: 0.554-0.701), pneumonia (RR=0.604; 95%CI: 0.512-0.714), bronchitis (RR=0.488; 95%CI: 0.286-0.831), bronchiolitis (RR=0.480; 95%CI: 0.345-0.669), non-COVID viral infections (RR=0.547; 95%CI: 0.456-0.657), sinusitis (RR=0.549; 95%CI: 0.408-0.738), upper respiratory infections (RR=0.647; 95%CI: 0.582-0.720), impetigo (RR=0.492; 95%CI: 0.355-0.683), molluscum contagiosum (RR=0.597; 95%CI: 0.408-0.873), and skin infections (RR=0.559; 95%CI: 0.355-0.878). Risks of allergic complications were also reduced, including asthma (RR=0.696; 95%CI: 0.568-0.854), allergic rhinitis (RR=0.561; 95%CI: 0.477-0.660), contact dermatitis (RR=0.537; 95%CI: 0.320-0.901), and other allergy-related conditions such as anaphylactic food reactions (RR=0.703; 95%CI: 0.525-0.941) indicating potential protection against atopic progression. Hazard analysis showed significantly delayed time-to-event onset for otitis media, bronchiolitis, viral infections, upper respiratory infections, and allergic rhinitis (all p < 0.05). No significant differences were observed in psychiatric or growth-related outcomes.

Conclusion: COVID-19 vaccination is associated with reduced asthma and other immune-mediated complications in children with atopic dermatitis. These findings support the safety and potential broader protective benefits of vaccination in this population.
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A hidden cellular cleanup trick could reverse aging | ScienceDaily
Hutchinson-Gilford progeria syndrome (HGPS) is a rare genetic disorder that causes children to show signs of accelerated aging. Those affected often develop early skin wrinkling, loss of skin elasticity, reduced body fat, hair loss, hardened arteries, and insulin resistance. Scientists have found that about 90% of HGPS cases result from a defective protein known as progerin.


						
Progerin has a harmful "dominant-negative" effect on cells, meaning it interferes with normal cell function. This abnormal protein triggers multiple cellular problems, such as deformation of the nuclear envelope (NE), increased DNA damage, shortened telomeres, cell cycle arrest, and reduced ability to divide. Interestingly, growing evidence suggests that small amounts of progerin are also present during natural aging and in chronic kidney disease (CKD). Because of this, therapies that enhance the removal of progerin could hold promise for treating HGPS, CKD, and other conditions linked to aging.

Investigating How Cells Manage Progerin

A research team led by Professor Chuanmao Zhang from Peking University and Kunming University of Science and Technology has long been focused on uncovering the biological mechanisms behind aging and progeria. In a recent study published in Science China Life Sciences, the group identified a key process in which lysosomes -- tiny cellular compartments responsible for breaking down waste -- play a central role in clearing progerin.

Their study revealed that defects in lysosomes contribute to the accumulation of progerin in HGPS cells. More importantly, they demonstrated that stimulating lysosome activity can restore this cellular "cleanup" function, helping remove progerin and reducing signs of cell aging. These discoveries highlight lysosomes as an important new target for potential therapies in HGPS, CKD, and other age-related diseases.

How Progerin Builds Up Inside Cells

Using a combination of immunofluorescence imaging, live-cell observation, and biochemical analysis, the researchers tracked how progerin behaves inside cells. They observed that progerin, which first appears near the nuclear envelope, can move into the cell's cytoplasm through a process called nuclear envelope budding. Once in the cytoplasm, progerin should normally be degraded through the cell's autophagy-lysosome pathway -- a key recycling system.




However, in HGPS cells, this system fails to work efficiently, allowing progerin to accumulate. To investigate why, the team performed RNA sequencing on primary cells from two patients with HGPS. The results showed a significant reduction in the activity of genes linked to lysosome function. Further tests, including RT-qPCR, immunofluorescence, and biochemical assays, confirmed that lysosomes in these cells were indeed defective.

Restoring Lysosome Function to Fight Cellular Aging

Next, the researchers tested whether repairing the lysosomal defects could enhance progerin clearance and slow down cellular aging. They activated lysosome biogenesis -- the process by which new lysosomes are formed -- through two methods: by stimulating protein kinase C (PKC) or by inhibiting mammalian target of rapamycin complex 1 (mTORC1).

Both approaches successfully improved lysosome function, boosted the removal of progerin, and reduced signs of cellular aging, such as DNA damage, growth arrest, and loss of cell vitality. These findings suggest that reawakening the cell's own cleanup machinery could help reverse some of the harmful effects of progerin buildup.

Toward Anti-Aging Therapies Targeting Lysosomes

This research clearly establishes lysosomes as key players in removing progerin and maintaining cellular health. It also points to lysosome activation as a potential strategy for combating premature and natural aging. By targeting the body's built-in recycling systems, scientists may eventually find new ways to treat HGPS and a wide range of age-related diseases.
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Stanford makes stem cell transplants safer without chemo | ScienceDaily
A new antibody therapy developed at Stanford Medicine has shown that it can prepare patients for stem cell transplants without the need for toxic chemotherapy or radiation, according to results from a phase 1 clinical trial.


						
The study focused on patients with Fanconi anemia, a rare genetic disorder that makes traditional stem cell transplants extremely dangerous. Researchers believe the same method could also be used for people with other inherited diseases that require transplants.

"We were able to treat these really fragile patients with a new, innovative regimen that allowed us to reduce the toxicity of the stem cell transplant protocol," said Agnieszka Czechowicz, MD, PhD, assistant professor of pediatrics and co-senior author of the study. "Specifically, we could eliminate the use of radiation and genotoxic chemotherapy called busulfan, with exceptional outcomes."

The trial, published in Nature Medicine, used an antibody in combination with other drugs to enable successful transplants for three children with Fanconi anemia. All three patients have now been followed for two years and are doing well.

"If they don't get a transplant in time, Fanconi anemia patients' bodies eventually will not make blood, so they die of bleeding or infections," explained Rajni Agarwal, MD, professor of pediatric stem cell transplantation and co-first author. "The reason I am so excited about this trial is that it is a novel approach to help these patients, who are very vulnerable."

Antibody Replaces Radiation and Chemotherapy

Before a stem cell transplant (in which unhealthy bone marrow is replaced with a healthy donor's), doctors must eliminate the patient's own blood-forming stem cells. Normally, this involves radiation or chemotherapy. In this study, however, patients received antibodies targeting CD117, a protein found on blood-forming stem cells.




The antibody, known as briquilimab, safely removed those cells without the damaging side effects of traditional conditioning treatments.

This new success builds on decades of Stanford Medicine research aimed at making stem cell transplants safer and more widely available.

Czechowicz began studying blood-forming stem cells in 2004 as an undergraduate working with Irving Weissman, MD, then director of Stanford's Institute for Stem Cell Biology and Regenerative Medicine. Their early studies showed that blocking CD117 with antibodies could eliminate stem cells in mice without using radiation or chemotherapy. Working with other Stanford scientists, they later identified a version suitable for human clinical use, leading to this recent trial.

Solving the Donor Match Problem

The clinical trial also tackled another major hurdle in stem cell transplants: the shortage of fully matched donors. In the past, up to 40% of patients couldn't receive transplants because no compatible donor could be found.

To make the procedure more flexible, researchers modified donor bone marrow before transplantation. They enriched it for CD34+ cells (the donor's blood-forming stem cells) while removing immune cells called alpha/beta T-cells, which can cause a dangerous complication known as graft-versus-host disease. This method, pioneered by Alice Bertaina, MD, PhD, allows safe transplants from half-matched donors, including parents.




"We are expanding the donors for stem cell transplantation in a major way, so every patient who needs a transplant can get one," Agarwal said.

A Child's Recovery: Ryder's Story

The first patient to receive the treatment was Ryder Baker, an 11-year-old from Seguin, Texas. He underwent the transplant at Lucile Packard Children's Hospital Stanford in early 2022.

Today, Ryder is thriving. "He was so tired, he didn't have stamina. It's completely different now," said his mother, Andrea Reiley. She added that her son's Fanconi anemia "doesn't slow him down like it used to."

Now full of energy, Ryder recently finished fifth grade, plays sports, and even received an "Up and Coming Player" award from his school soccer team.

Hope for More Patients

Researchers hope Ryder will be the first of many children to benefit. "Bone marrow or stem cell transplants are most commonly used in blood cancers, in which the bone marrow is full of malignant cells and patients have no other options," said Czechowicz. "But as we're making these transplants better and safer, we can expand them to more patients including those with many different diseases."

Understanding Fanconi Anemia

Fanconi anemia affects the body's ability to repair DNA damage, disrupting the production of vital blood cells such as red blood cells, white blood cells, and platelets. Children with the condition often experience fatigue, poor growth, frequent infections, and excessive bruising or bleeding.

By age 12, about 80% develop progressive bone marrow failure, which can be fatal if left untreated. The catch-22 is that while stem cell transplants can prevent this failure, the usual preparative chemotherapy or radiation can cause severe complications or even cancer.

"Right now, nearly all of these patients get secondary cancers by the time they're 40," Czechowicz said. The team hopes their new antibody-based approach will sharply lower that risk.

Promising Results in Early Patients

All three trial participants were under 10 years old and had different genetic variants of Fanconi anemia. Each received one intravenous dose of the antibody 12 days before their transplant, followed by standard immune-suppressing medication but no busulfan or radiation.

The donated stem cells came from a parent and were carefully processed to remove harmful immune cells. Within two weeks, the new stem cells had taken root in the patients' bone marrow. None experienced graft rejection, and by one month after transplant, donor cells had nearly fully replaced their own.

The research team had initially aimed for just 1% donor cell presence. Two years later, all three children reached nearly 100% donor cell chimerism.

"We've been surprised by how well it's worked," Czechowicz said. "We were optimistic that we would get here, but you never know when you're trying a new regimen."

Life After Transplant

Even with the safer protocol, transplants remain demanding. Ryder spent over a month in the hospital and experienced temporary exhaustion, nausea, and hair loss.

"It was heartbreaking to see him go through things like that -- I'd rather go through it than my child," Reiley said. "I felt the heartbreak for him, and now he doesn't have to."

Since recovery, Ryder has grown taller, gained weight, and is no longer constantly sick. "It used to be huge hits when he would get sick at all, and I really don't have to worry about that anymore," Reiley said.

She also tells her son that his experience as one of the first patients will help others. "I think he takes a lot of pride in that, too," she said.

Next Steps for Stanford's Research

After more than 30 years of using traditional methods, Agarwal said she's thrilled to offer families this new, less toxic option. "When I counsel families, their eyes start to shine as they think, 'OK, we can avoid the radiation and chemo toxicity'," she said.

Stanford's team is now leading a phase 2 clinical trial in more children with Fanconi anemia. They also plan to explore whether the antibody approach could help patients with other rare bone marrow failure disorders such as Diamond-Blackfan anemia.

While most cancer patients will still need some chemotherapy or radiation to eliminate cancer cells, researchers are also studying whether the antibody can benefit elderly cancer patients who can't tolerate traditional conditioning.

"That population is often at a disadvantage," Agarwal said. "It may provide us with a way to treat them with less intensity so it's possible for them to get a transplant."

The team is also developing next-generation antibody-based treatments to further refine and improve outcomes for Fanconi anemia and similar diseases.

Collaboration and Support

In addition to Czechowicz, Agarwal, and Bertaina, co-senior author Matthew Porteus, MD, PhD, and researchers from the University of California, San Francisco; Kaiser Permanente Bernard J. Tyson School of Medicine; St. Jude Children's Research Hospital; Memorial Sloan Kettering Cancer Center; and Jasper Therapeutics Inc. contributed to the study.

The research received funding from anonymous donors, the California Institute of Regenerative Medicine, and the Fanconi Cancer Foundation. Jasper Therapeutics provided the antibody briquilimab, and the Stanford Clinical Trial Program supported the study's implementation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251107010324.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists find hidden brain damage from a common pesticide | ScienceDaily
A new investigation has identified a connection between prenatal exposure to the commonly used insecticide chlorpyrifos (CPF) and measurable differences in brain structure, along with reduced motor skills, among children and adolescents in New York City.


						
Researchers found that these brain and motor abnormalities appear to persist for years after birth. The study, conducted by teams from Columbia University Mailman School of Public Health, Children's Hospital Los Angeles, and the Keck School of Medicine of USC, is the first to reveal lasting molecular, cellular, and metabolic effects in the human brain tied to prenatal CPF exposure. The findings were published in JAMA Neurology.

How the Study Was Conducted

The research followed 270 participants from the Columbia Center for Children's Environmental Health birth cohort. All were born to Latino and African-American mothers in New York City. Each child had detectable levels of CPF in their umbilical cord blood at birth and underwent brain imaging and behavioral assessments between the ages of 6 and 14.

Results showed a clear pattern: children with higher prenatal exposure to the insecticide displayed more pronounced structural and functional brain differences. They also performed worse on tests measuring motor speed and coordination. The evidence suggests that CPF exposure before birth disrupts brain structure, function, and metabolism in direct proportion to the level of exposure.

Widespread Exposure and Ongoing Risks

For this study group, indoor pesticide use was the main source of exposure. Although the U.S. Environmental Protection Agency banned chlorpyrifos for household use in 2001, it remains in use in agriculture for non-organic produce and grains. This continued use means farm workers and nearby communities can still be exposed through contaminated air and dust.




"Current widespread exposures, at levels comparable to those experienced in this sample, continue to place farm workers, pregnant women, and unborn children in harm's way. It is vitally important that we continue to monitor the levels of exposure in potentially vulnerable populations, especially in pregnant women in agricultural communities, as their infants continue to be at risk," said Virginia Rauh, ScD, senior author on the study and the Jane and Alan Batkin Professor of Population and Family Health at Columbia Mailman School.

"The disturbances in brain tissue and metabolism that we observed with prenatal exposure to this one pesticide were remarkably widespread throughout the brain. Other organophosphate pesticides likely produce similar effects, warranting caution to minimize exposures in pregnancy, infancy, and early childhood, when brain development is rapid and especially vulnerable to these toxic chemicals," says first author Bradley Peterson, MD, Vice Chair for Research and Chief of Child & Adolescent Psychiatry in the Department of Psychiatry at at the Keck School of Medicine of USC.

The research team included several contributors from multiple institutions. At Columbia University Mailman School of Public Health, co-authors were Howard Andrews, Wanda Garcia, and Frederica Perera. From the Institute for the Developing Mind at Children's Hospital Los Angeles, the team included Sahar Delavari, Ravi Bansal, Siddhant Sawardekar, and Chaitanya Gupte. Lori A. Hoepner from SUNY Downstate School of Public Health in Brooklyn, New York, also participated.

The project received financial support from the National Institute of Environmental Health Sciences (grants ES09600, ES015905, ES015579, DA027100, ES08977, ES009089); the U.S. Environmental Protection Agency STAR program (grants RD834509, RD832141, R827027); and the National Institute of Mental Health (grants MH068318, K02-74677). Additional funding came from the John and Wendy Neu Family Foundation, an anonymous donor, Patrice and Mike Harmon, the Inspirit Fund, and the Robert Coury family.

Bradley Peterson is President of Evolve Psychiatry Professional Corporation and serves as an advisor to Evolve Adolescent Behavioral Health, where he holds stock options. He also provides expert testimony. Peterson and co-author Ravi Bansal share a U.S. Patent (Number 61/424,172), and Peterson holds two additional U.S. Patents (61/601,772 and 8,143,890B2). All other researchers reported no conflicts of interest or financial ties.
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Rare desert berry could transform diabetes treatment | ScienceDaily
In what could mark a major step forward for diabetes care, scientists have found extraordinary health benefits in a little-known desert plant. The fruit of Nitraria roborowskii Kom, long used in traditional medicine, showed strong potential to fight insulin resistance and restore healthy metabolism in diabetic mice. The plant extract not only helped stabilize blood sugar but also corrected several related issues, including abnormal fat metabolism and oxidative stress. These results were linked to the activation of a key cellular signaling system that regulates how the body processes glucose and energy. The discovery points to the possibility of safer, naturally derived treatments for one of the world's most widespread chronic diseases.


						
The number of people living with diabetes is expected to climb to 750 million by 2045. While modern drugs can control symptoms, many come with side effects and do not address the underlying causes of metabolic imbalance. This has led scientists to revisit nature's medicine cabinet in search of new therapeutic options. Among these is Nitraria roborowskii Kom, a tough shrub that thrives in the harsh deserts of western China. Its bright red fruits, sometimes known as "desert cherries," have nourished and healed local communities for centuries. Only recently have researchers begun to uncover the biological mechanisms behind its traditional use, prompting systematic scientific investigations into its potential.

Breakthrough Study Confirms Potent Diabetes-Fighting Properties

A collaborative study between Qinghai University and the Northwest Institute of Plateau Biology, published in the Chinese Journal of Modern Applied Pharmacy, provided strong experimental evidence of the fruit's effects. Using well-controlled trials, scientists tested a concentrated form of the extract (NRK-C) on diabetic mice over seven weeks. The results were striking: the compound not only lowered blood sugar and improved insulin responsiveness but also addressed broader metabolic dysfunctions through a previously underexplored biological route.

How the Desert Berry Restores Metabolic Balance

The detailed analysis revealed the extract's impressive range of benefits. Over the course of seven weeks, NRK-C reduced fasting blood glucose levels by 30-40% in diabetic mice, with stronger results at higher doses. It also improved insulin sensitivity by roughly 50% compared with untreated animals. In addition to these improvements, the extract balanced cholesterol and lowered oxidative stress markers by as much as 60%, a rare feat for any single therapeutic compound.

Further investigation showed that NRK-C works by reactivating the PI3K/AKT signaling pathway -- a critical metabolic circuit that often breaks down in diabetes. This reactivation appears to "reboot" the body's ability to regulate glucose and fat metabolism. Microscopic examination supported these findings, revealing healthier liver and pancreatic tissue structures in treated mice compared with untreated ones. Taken together, these findings suggest the compound helps the body reset its metabolic function rather than just masking symptoms. Its naturally broad effects contrast sharply with the narrowly targeted mechanisms of many pharmaceutical drugs.




Expert Insight: A Holistic Approach to Diabetes Treatment

"These results are exciting because they suggest we might be able to treat diabetes more holistically," said Dr. Yue Huilan, a senior researcher on the project. "Instead of just lowering blood sugar like most medications, this plant extract appears to help the body regain its natural metabolic balance. The implications could extend beyond diabetes to other conditions involving insulin resistance." While the team emphasized that human trials are still needed, the findings represent an encouraging move toward more natural and comprehensive approaches to diabetes care.

This discovery opens up several promising research directions. Pharmaceutical developers may pursue standardized NRK-C extracts as supplements or adjunct therapies, while nutrition experts could explore adding the fruit to functional foods aimed at metabolic health. The results also lend modern scientific support to traditional medicinal knowledge, helping bridge ancient practice and contemporary medicine. Researchers are particularly eager to determine whether NRK-C could help prevent diabetes in high-risk individuals or reduce complications in those already affected.

More broadly, the findings underscore the value of preserving and studying traditional medicinal plants, many of which may hold untapped potential for addressing modern health challenges. Nature, it seems, still has many healing secrets waiting to be rediscovered.
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The hidden "Big Bang" that decides how bowel cancer grows | ScienceDaily
Just as the universe began with a colossal explosion, bowel cancer also experiences a "Big Bang" moment that determines how it will grow and spread, according to new research supported by Cancer Research UK and the Wellcome Trust.


						
Scientists from The Institute of Cancer Research in London, the Fondazione Human Technopole in Milan, and Chalmers University of Technology in Sweden discovered that this pivotal event occurs when cancer cells first manage to hide from the immune system. This process, called immune escape, allows the cells to evade detection and continue developing unchecked.

During immune escape, bowel cancer cells disrupt the genes that normally allow the body's immune defenses to recognize them as a threat. Once this happens, the researchers found that the cancer's ability to disguise itself remains largely unchanged as it grows.

The findings could help doctors identify patients more likely to respond to immunotherapy, including experimental bowel cancer vaccines that train the immune system to target and destroy cancer cells.

How Bowel Cancer Outsmarts the Immune System

Professor Trevor Graham, Professor of Genomics and Evolution and Director of the Centre for Evolution and Cancer at The Institute of Cancer Research, explained the significance of the discovery:

"Some bowel cancers are 'born to be bad.' How they interact with the immune system is set early on.




"Immunotherapy and bowel cancer vaccines hold enormous promise for treating the disease. Our research suggests that a bowel cancer's relationship with the immune system doesn't change very much as it grows. If we can target that relationship early on, treatment should have a stronger chance of success.

"As bowel cancer treatment becomes increasingly personalized, understanding how tumors evolve and change matters even more than it did before. Like the explosion which set the course of the universe, bowel cancer's Big Bang gives us the biggest clues of what its future holds and how we might change that future."

A Common and Challenging Cancer

Bowel cancer is the fourth most common cancer in the UK, with about 44,100 new cases each year -- around 120 every day. Approximately 15% of these cases respond well to immunotherapy, while the majority remain resistant to this treatment approach.

Currently, several types of bowel cancer vaccines are being tested in clinical trials. These are designed to help the immune system recognize and destroy returning or newly forming cancer cells after surgery or other treatments.

Study lead author Eszter Lakatos, a mathematical biologist at Chalmers University of Technology and the University of Gothenburg, Sweden, said:

"Our research group has investigated and found answers to how cancer cells render themselves invisible to the immune system. Our hope is that these insights will eventually lead to more targeted, effective and early treatments, in addition to surgery."




To uncover these mechanisms, the research team analyzed tumor and immune cells from 29 people with bowel cancer. They sequenced the DNA and RNA from each sample and examined how tightly the DNA was wound around proteins in the chromosomes (a process known as epigenetics).

The scientists found that epigenetic changes in cancer cells alter how DNA is "read" to produce RNA, which carries the instructions for making proteins. These changes can reduce the number of neoantigens -- "red flag" proteins that alert immune cells to danger -- on the surface of cancer cells. With fewer neoantigens, the immune system struggles to recognize and destroy the tumor.

Toward More Effective Immunotherapy

The researchers believe that combining immunotherapy with drugs that modify the epigenome could improve treatment outcomes. Such a combination might increase the number of neoantigens displayed by cancer cells, making them easier for the immune system to target. Further testing will be needed before this approach can move into clinical trials.

Dr. Catherine Elliott, Director of Research at Cancer Research UK, said:

"To beat bowel cancer for everyone, we need to understand what happens at the very earliest stages of the disease. No matter how different bowel cancer tumors can look, one defining moment at the start makes a big difference to how the cancer grows.

"Bowel cancer has an insidious ability to resist treatment. Immunotherapy is starting to work well for patients, but it doesn't work for everyone. This research helps us understand why, as well as giving us new insights to make immunotherapy work better for bowel cancer."

Understanding the Disease's Earliest Moments

Tom Collins, Research Lead for Discovery Research at the Wellcome Trust, added:

"Through tracing the earliest stages of bowel cancer, the research team has shed valuable new light on a mechanism that could lead to more targeted, effective and early treatments.

"This is a powerful example of discovery science. Research at this molecular level has provided a deeper understanding of how bowel cancer develops, which could lead to the improved health outcomes for patients in the long-term."

The study, titled "Epigenetically driven and early immune evasion in colorectal cancer evolution," was published on November 5 in Nature Genetics.
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Scientists discover how hair cells can help heal skin faster | ScienceDaily
The skin contains two main types of adult stem cells: epidermal stem cells and hair follicle stem cells. Normally, each type has a clear role -- one maintains the skin while the other supports hair growth. However, research from Rockefeller University has revealed that hair follicle stem cells (HFSCs) are surprisingly adaptable. When the skin is injured, these cells can switch from growing hair to helping repair the wound.


						
So what tells them when it's time to make that switch?

A Stress Signal That Changes Cell Behavior

The same Rockefeller research team has now identified the key signal behind this transformation. Hair follicle stem cells respond to what's called an integrated stress response (ISR) -- a cellular alert system that helps them conserve energy and focus on survival tasks.

In the skin, this stress response is tied to the amino acid serine, a non-essential nutrient found in common foods like meat, grains, and milk. In their study published in Cell Metabolism, the scientists showed that when serine levels fall, the ISR activates and hair production slows down. If the skin is also wounded, the ISR ramps up even further, stopping hair growth entirely so that cells can concentrate on repairing damaged tissue. This shift in priorities helps the skin heal faster.

"Serine deprivation triggers a highly sensitive cellular 'dial' that fine tunes the cell's fate -- towards skin and away from hair," explains first author Jesse Novak, an MD-PhD student at Weill Cornell's Tri-Institutional MD-PhD Program and former doctoral student in the Rockefeller lab of Elaine Fuchs. "Our findings suggest that we might be able to speed up the healing of skin wounds by manipulating serine levels through diet or medications."

Adult tissues depend on stem cells to maintain balance -- replacing cells that die and repairing tissue when it's damaged. Yet, scientists still know little about how these cells manage their energy and nutrients during different tasks. Novak and his team wanted to understand the metabolic factors that keep stem cells functioning normally and what changes when they must shift gears to heal a wound.




"Most skin wounds that we get are from abrasions, which destroy the upper part of the skin," says Novak. "That area is home to a pool of stem cells that normally takes charge in wound repair. But when these cells are destroyed, it forces hair follicle stem cells to take the lead in repair," Novak says. "Knowing that, we thought that tracking these skin cells through wound healing presented a very good model for testing if and how metabolites are regulating this process overall."

Serine's Role Beyond Hair and Skin

Earlier research from the Fuchs lab showed that precancerous skin stem cells can become dependent on circulating serine and that limiting serine in the diet helps stop these cells from turning cancerous. Those findings highlighted serine's powerful influence on cell behavior and even inspired studies testing serine-free diets as cancer treatments.

However, it remained unclear how reducing serine might affect healthy tissue. To explore this, Novak focused on serine's role in normal stem cell activity and how its absence might reshape regeneration.

The researchers tested how hair follicle stem cells respond to metabolic stress. They either deprived mice of dietary serine or used genetic methods to block the cells from producing their own. In both cases, the results showed that serine communicates directly with the ISR -- a system that monitors when tissue conditions go off balance.

When serine levels were low, hair growth slowed because it requires significant energy. When wounds occurred, the ISR activated even more strongly, prioritizing healing over hair regeneration. In other words, when stress increases, the skin's repair mechanisms take priority.




"No one likes to lose hair, but when it comes down to survival in stressful times, repairing the epidermis takes precedence," says Fuchs. "A missing patch of hair isn't a threat to an animal, but an unhealed wound is."

Can Extra Serine Boost Hair Growth?

Once the team confirmed that low serine levels affect stem cell behavior, they wondered about the reverse -- could increasing serine levels enhance hair growth? The answer appears to be no. The body maintains tight control over serine levels, and even when mice were given six times more dietary serine than usual, levels only increased by about 50%.

"However, we did see that if we prevented a stem cell from making its own serine and replenished its losses through a high-serine diet, we were able to partially rescue hair regeneration," Novak adds.

Next, the researchers plan to investigate whether wound healing can be improved by lowering serine intake or by using medications that influence serine levels or the ISR pathway. They also aim to test other amino acids to see if any have similar effects.

"Overall, the ability of stem cells to make cell fate decisions based upon the levels of stress they experience is likely to have broad implications for how tissues optimize their regenerative capacities in times where resources are scarce," says Fuchs.
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The bright colors in your food may be harming your kids | ScienceDaily
Nearly one in five packaged foods and drinks in the United States contain synthetic food dyes, according to new research that analyzed 39,763 grocery store products. The study was recently published in the Journal of the Academy of Nutrition and Dietetics.


						
Synthetic dyes are often added to make foods look more appealing, especially products aimed at children, but a growing body of evidence indicates they may contribute to behavioral problems such as hyperactivity and inattention.1

Foods Marketed to Children Contain More Dyes and Sugar

Researchers from The George Institute for Global Health, the University of North Carolina, and the Center for Science in the Public Interest examined ingredient information for packaged foods and beverages made by the 25 largest U.S. food manufacturers. They also focused on the five food categories most commonly promoted to children: confectionery, sugar-sweetened beverages, ready meals, breakfast cereals, and baked goods such as cakes, cookies, and pastries.

Products in these child-targeted categories were significantly more likely to include synthetic dyes. Artificial colors were present in 28% of those products, compared with only 11% in other categories. The study also found that foods containing synthetic dyes had much higher sugar content, averaging 141% more sugar (33.3g per 100g compared with 13.8g per 100g in products without dyes).

Experts Express Concern Over Industry Practices

Dr. Elizabeth Dunford, Research Fellow at The George Institute, and Adjunct Assistant Professor, Department of Nutrition at the University of North Carolina, said that the continued presence of synthetic dyes in the food system was a cause for concern.




"Given the accumulation of evidence over the last 40 years pointing to the health harms of synthetic dyes, it's disappointing to see that they're still so prevalent in our food system, particularly in products that are designed to appeal to children," she said.

"The high levels of sugar in these brightly colored products suggests that companies are using synthetic dyes to market sweet foods and beverages, but both ingredients are linked to poor health outcomes."

Major Brands Among Top Offenders

Confectionery companies were found to have the highest use of synthetic dyes, with Ferrero (60%) and Mars (52%) leading the list. More than half (51%) of PepsiCo's energy drinks contained synthetic dyes, along with 79% of all sports drinks, regardless of brand.

Dr. Thomas Galligan, Principal Scientist for Food Additives and Supplements at the Center for Science in the Public Interest, said that synthetic food dyes remain unnecessary in the U.S. food supply, yet efforts to remove them have been slow.

"The FDA recently asked the food industry to voluntarily phase synthetic dyes out of the food supply, but many companies had previously made promises to stop using them and then failed to keep those promises. So, it remains to be seen if food companies will comply with this new request," he said.




"If the FDA were to require warning labels on synthetically dyed foods, similar to the rule in place since 2010 in the European Union, there would be a much stronger incentive for industry to reformulate. Those warnings would also ensure consumers are better able to protect themselves from products sold by companies who choose not to phase dyes out entirely."

State Efforts and Consumer Advice

Dr. Dunford said it was encouraging to see that dozens of U.S. states have now introduced bills targeting synthetic dyes this year. She added that the new research could be valuable to policymakers as they move forward.

"But until the regulatory process catches up with the science, parents and health-conscious consumers should always check the ingredients label for synthetic dyes and for high levels of added sugar. If a product contains either, you are better off not buying it, especially for your kids."

Notes
    	California Office of Environmental Health Hazard Assessment. Health Effects Assessment: Potential Neurobehavioral Effects of Synthetic Food Dyes in Children. 2021. https://oehha.ca.gov/risk-assessment/report/health-effects-assessment-potential-neurobehavioral-effects-synthetic-food-dyes-children
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Mini llama proteins show promise for Alzheimer's treatment | ScienceDaily
Nanobodies, which are very small proteins found in camelid species such as camels, llamas, and alpacas, may provide a powerful new way to treat brain disorders like schizophrenia and Alzheimer's disease. A new study published on November 5 in the Cell Press journal Trends in Pharmacological Sciences explains how their small size allows them to reach and treat brain cells more effectively in mice, while causing fewer side effects. The researchers also outline what must be done before these treatments can be safely tested in humans.


						
"Camelid nanobodies open a new era of biologic therapies for brain disorders and revolutionize our thinking about therapeutics," says co-corresponding author Philippe Rondard of the Centre National de la Recherche Scientifique (CNRS) in Montpellier, France. "We believe they can form a new class of drugs between conventional antibodies and small molecules."

How Nanobodies Were Discovered

Nanobodies were first identified in the early 1990s by Belgian scientists investigating the immune systems of camelids. They found that, in addition to the standard antibodies composed of two heavy and two light chains, camelids also produce a simpler version made up of only heavy chains. The small, active fragment of these antibodies -- now known as nanobodies -- is about one-tenth the size of typical antibodies. These unique molecules have not been observed in any other mammals, although they do exist in some cartilaginous fish.

Antibody-based drugs are widely used to treat conditions like cancer and autoimmune diseases, but they have shown limited success in addressing disorders of the brain. Even the few antibody therapies that provide some benefit, such as certain Alzheimer's treatments, are often linked to unwanted side effects.

According to the researchers, nanobodies' compact structure gives them a distinct advantage. Their smaller size allows them to cross the blood-brain barrier and act on targets more efficiently, which could lead to improved outcomes with fewer adverse reactions. In previous studies, nanobodies have been shown to restore normal behavior in mouse models of schizophrenia and other neurological disorders.

How Nanobodies Work in the Brain

"These are highly soluble small proteins that can enter the brain passively," explains co-corresponding author Pierre-Andre Lafon, also of CNRS. "By contrast, small-molecule drugs that are designed to cross the blood-brain barrier are hydrophobic in nature, which limits their bioavailability, increases the risk of off-target binding, and is linked to side effects."




Beyond their unique biological properties, nanobodies are simpler to produce and purify than traditional antibodies. They can also be precisely engineered and fine-tuned to target specific molecules in the brain.

Before nanobody-based drugs can be tested in human clinical trials, several key steps must be completed. The research team notes that toxicology studies and long-term safety assessments are essential. They also need to understand the effects of chronic administration and determine how long nanobodies remain active in the brain (a crucial step for developing accurate dosing strategies).

"Regarding the nanobodies themselves, it is also necessary to evaluate their stability, confirm their proper folding, and ensure the absence of aggregation," says Rondard. "It will be necessary to obtain clinical-grade nanobodies and stable formulations that maintain activity during long-term storage and transport."

Moving Toward Clinical Applications

"Our lab has already started to study these different parameters for a few brain-penetrant nanobodies and has recently shown that conditions of treatment are compatible with chronic treatment," Lafon adds.

This research was supported by the Centre National de la Recherche Scientifique (CNRS), Institut National de la Sante et de la Recherche Medicale (INSERM), University of Montpellier, French National Research Agency (ANR-20-CE18-0011; ANR-22-CE18-0003; ANR-25-CE18-0434), Fondation pour la Recherche Medicale (FRM EQU202303016470 and FRM PMT202407019488), LabEX MAbImprove (ANR-10-LABX-5301), Proof-of-concept Region Occitanie, and the transfer of Technology Agency SaTT AxLR Occitanie.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251106213557.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Common acne drug may protect against schizophrenia | ScienceDaily
A widely used antibiotic may help lower the chances of some young people developing schizophrenia, according to new research.


						
Scientists found that adolescents receiving mental health care who were prescribed the antibiotic doxycycline were significantly less likely to develop schizophrenia later in life than those treated with other antibiotics.

Experts believe the results suggest a potential new use for an existing and widely available medication as a preventive treatment for severe mental illness.

Understanding Schizophrenia and Its Early Onset

Schizophrenia is a serious mental health disorder that typically begins in early adulthood and is often marked by hallucinations, delusions, and disorganized thinking. Finding ways to reduce the risk of developing the condition has long been a major challenge for mental health researchers.

To explore possible prevention strategies, scientists from the University of Edinburgh, working with colleagues from the University of Oulu and University College Dublin, analyzed extensive healthcare data from Finland using advanced statistical models.

The study examined health records from more than 56,000 adolescents who had received antibiotics while attending mental health services. Those treated with doxycycline showed a 30-35 percent lower risk of later developing schizophrenia compared with peers who received other types of antibiotics.




The research team believes this protective effect could be related to doxycycline's impact on inflammation and brain development.

How Doxycycline Might Protect the Brain

Doxycycline is a broad-spectrum antibiotic commonly prescribed for infections and acne. Earlier studies have found that it can reduce inflammation in brain cells and affect synaptic pruning -- a normal developmental process in which the brain trims and strengthens neural connections. Too much pruning has been linked to the onset of schizophrenia.

Further analysis confirmed that the reduced risk was not merely due to participants being treated for acne instead of infections and was unlikely to result from other unnoticed differences between the groups.

Professor Ian Kelleher, study lead and Professor of Child and Adolescent Psychiatry at the University of Edinburgh, explained: "As many as half of the people who develop schizophrenia had previously attended child and adolescent mental health services for other mental health problems. At present, though, we don't have any interventions that are known to reduce the risk of going on to develop schizophrenia in these young people. That makes these findings exciting."

He added: "Because the study was observational in nature and not a randomized controlled trial, it means we can't draw firm conclusions on causality, but this is an important signal to further investigate the protective effect of doxycycline and other anti-inflammatory treatments in adolescent psychiatry patients as a way to potentially reduce the risk of developing severe mental illness in adulthood."

The study was published in the American Journal of Psychiatry and involved researchers from the University of Edinburgh, University of Oulu, University College Dublin, and St John of God Hospitaller Services Group. Funding was provided by the Health Research Board.
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        Nearby super-Earth may be our best chance yet to find alien life
        A newly detected super-Earth just 20 light-years away is giving scientists one of the most promising chances yet to search for life beyond our solar system. The discovery of the exoplanet orbiting in the habitable zone of its star was made possible by advanced spectrographs designed at Penn State and by decades of observations from telescopes around the world.

      

      
        Wild new "gyromorph" materials could make computers insanely fast
        Researchers engineered "gyromorphs," a new type of metamaterial that combines liquid-like randomness with large-scale structural patterns to block light from every direction. This innovation solves longstanding limitations in quasicrystal-based designs and could accelerate advances in photonic computing.

      

      
        Jupiter's wild youth may have reshaped the entire Solar System
        Simulations reveal that Jupiter's rapid growth disrupted the early solar system, creating rings where new planetesimals formed much later than expected. These late-forming bodies match the ages and chemistry of chondrite meteorites found on Earth. The findings also help explain why Earth and the other rocky planets remained near 1 AU rather than plunging inward.

      

      
        A radical upgrade pushes quantum links 200x farther
        Scientists have developed a new way to build rare-earth crystals that boosts quantum coherence to tens of milliseconds. This leap could extend quantum communication distances from city blocks to entire continents. The method uses atom-by-atom construction for unprecedented material purity.

      

      
        Space dust reveals how fast the Arctic is changing
        Arctic sea ice is disappearing fast, and scientists have turned to an unexpected cosmic clue--space dust--to uncover how ice has changed over tens of thousands of years. By tracking helium-3-bearing dust trapped (or blocked) by ancient ice, researchers built a remarkably detailed history of Arctic coverage stretching back 30,000 years. Their findings reveal powerful links between sea ice, nutrient availability, and the Arctic food web, offering hints about how future warming may reshape everything ...

      

      
        Astronomers stunned by three Earth-sized planets orbiting two suns
        Scientists have identified three Earth-sized planets orbiting two stars in the TOI-2267 system. Remarkably, planets transit around both stars -- a first in astronomy. The system's compact, cold nature defies conventional theories of planetary formation. Future studies using JWST and other advanced telescopes could reveal what these worlds are truly made of.

      

      
        NASA's Webb finds life's building blocks frozen in a galaxy next door
        Astronomers using the James Webb Space Telescope have uncovered a trove of complex organic molecules frozen in ice around a young star in a neighboring galaxy -- including the first-ever detection of acetic acid beyond the Milky Way. Found in the Large Magellanic Cloud, these molecules formed under harsh, metal-poor conditions similar to those in the early universe, suggesting that the chemical precursors of life may have existed far earlier and in more diverse environments than previously imagine...

      

      
        Scientists just found a material that beats diamond at its own game
        Boron arsenide has dethroned diamond as the best heat conductor, thanks to refined crystal purity and improved synthesis methods. This discovery could transform next-generation electronics by combining record-breaking thermal conductivity with strong semiconductor properties.

      

      
        Brain-like learning found in bacterial nanopores
        Scientists at EPFL have unraveled the mystery behind why biological nanopores, tiny molecular holes used in both nature and biotechnology, sometimes behave unpredictably. By experimenting with engineered versions of the bacterial pore aerolysin, they discovered that two key effects, rectification and gating, stem from the pore's internal electrical charges and their interaction with passing ions. The team even built nanopores that imitate brain-like "learning," hinting at future applications in b...

      

      
        Entangled spins give diamonds a quantum advantage
        UC Santa Barbara physicists have engineered entangled spin systems in diamond that surpass classical sensing limits through quantum squeezing. Their breakthrough enables next-generation quantum sensors that are powerful, compact, and ready for real-world use.

      

      
        Astronomers just solved the mystery of "impossible" black holes
        New simulations suggest magnetic fields hold the key to forming black holes that defy known mass limits. When powerful magnetic forces act on a collapsing, spinning star, they eject vast amounts of material, creating smaller yet faster-spinning black holes. This process could explain the puzzling GW231123 collision and the existence of "forbidden" black holes.

      

      
        A neutron star's weird wind rewrites space physics
        XRISM's observations of GX13+1 revealed a slow, fog-like wind instead of the expected high-speed blast, challenging existing models of radiation-driven outflows. The discovery hints that temperature differences in accretion discs may determine how energy shapes the cosmos.

      

      
        Physicists prove the Universe isn't a simulation after all
        New research from UBC Okanagan mathematically demonstrates that the universe cannot be simulated. Using Godel's incompleteness theorem, scientists found that reality requires "non-algorithmic understanding," something no computation can replicate. This discovery challenges the simulation hypothesis and reveals that the universe's foundations exist beyond any algorithmic system.

      

      
        Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life
        NASA's Cassini mission has revealed surprising heat flow at Enceladus' north pole, showing the moon releases energy from both ends. This balance of heat could allow its subsurface ocean to remain liquid for billions of years, supporting conditions for life. The study also refined estimates of ice thickness, giving scientists a clearer picture of where to search next.

      

      
        Astronomers shocked by mysterious gas found in deep space
        Astronomers have discovered phosphine gas in the atmosphere of an ancient brown dwarf, Wolf 1130C, using the James Webb Space Telescope. The finding is puzzling because phosphine, a potential biosignature, has been missing from other similar objects. The detection may reveal how phosphorus behaves in low-metal environments or how stellar remnants like white dwarfs enrich their surroundings with this crucial element.

      

      
        Supercomputer breakthrough exposes Enceladus's hidden ocean
        From Cassini's awe-inspiring flybys to cutting-edge simulations, scientists are decoding the secrets of Enceladus's geysers. Supercomputer models show the icy moon's plumes lose less mass than expected, refining our understanding of its mysterious interior. These discoveries could shape future missions that may one day explore its subsurface ocean--and perhaps even detect life below the ice.

      

      
        Dark energy might be changing and so is the Universe
        New supercomputer simulations hint that dark energy might be dynamic, not constant, subtly reshaping the Universe's structure. The findings align with recent DESI observations, offering the strongest evidence yet for an evolving cosmic force.

      

      
        Stanford discovers an extraordinary crystal that could transform quantum tech
        Stanford scientists found that strontium titanate improves its performance when frozen to near absolute zero, showing extraordinary optical and mechanical behavior. Its nonlinear and piezoelectric properties make it ideal for cryogenic quantum technologies. Once overlooked, this cheap, accessible material now promises to advance lasers, computing, and space exploration alike.

      

      
        "Really bizarre" quantum discovery defies the rules of physics
        Researchers have discovered quantum oscillations inside an insulating material, overturning long-held assumptions. Their work at the National Magnetic Field Laboratory suggests that the effect originates in the material's bulk rather than its surface. The finding points toward a "new duality" in materials science--where compounds may behave as both metals and insulators--offering a fascinating puzzle for future research.

      

      
        Tiny laser could transform medicine and quantum science
        A team at the University of Stuttgart has engineered a compact short-pulse laser that achieves up to 80% efficiency--far surpassing current models. Their new multipass design reuses light within a small crystal, combining power and precision in a palm-sized system. It opens the door to portable, cost-effective lasers for medicine, analytics, and quantum science.

      

      
        Einstein might have been wrong about black holes
        Researchers are using black hole shadows to challenge Einstein's theory of relativity. With new simulations and future ultra-sharp telescope images, they may uncover signs that his famous equations don't tell the whole story.

      

      
        MIT quantum breakthrough edges toward room-temp superconductors
        MIT scientists uncovered direct evidence of unconventional superconductivity in magic-angle graphene by observing a distinctive V-shaped energy gap. The discovery hints that electron pairing in this material may arise from strong electronic interactions instead of lattice vibrations.

      

      
        Black hole blast outshines 10 trillion Suns
        A colossal black hole 10 billion light-years away has been caught devouring one of the universe's biggest stars, unleashing a flare 30 times brighter than any seen before. The flare, detected by Caltech's ZTF, likely marks a tidal disruption event -- when a star is shredded by a black hole's gravity.

      

      
        CERN creates cosmic "fireballs" that could reveal the Universe's hidden magnetism
        Using CERN's Super Proton Synchrotron, researchers generated plasma fireballs to simulate blazar jets. The beams stayed stable, suggesting plasma instabilities aren't responsible for missing gamma rays. Instead, the data strengthens the idea of ancient intergalactic magnetic fields, possibly from the Universe's earliest moments.
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Nearby super-Earth may be our best chance yet to find alien life | ScienceDaily
A possible "super-Earth" located less than 20 light-years from Earth is giving researchers renewed optimism in the search for planets that might host life. The newly identified world, GJ 251 c, earned its "super-Earth" label because current data indicate it is almost four times the mass of Earth and is likely a rocky planet.


						
"We look for these types of planets because they are our best chance at finding life elsewhere," said Suvrath Mahadevan, the Verne M. Willaman Professor of Astronomy at Penn State and co-author of a recent paper in The Astronomical Journal. "The exoplanet is in the habitable or the 'Goldilocks Zone,' the right distance from its star that liquid water could exist on its surface, if it has the right atmosphere."

Two Decades of Observations Lead to Breakthrough

For many years, astronomers searching for planets capable of hosting liquid water have developed ever more advanced telescopes and modeling tools to detect extremely faint variations in starlight. According to Mahadevan, this new result arose from more than 20 years of observations and represents one of the strongest opportunities yet to investigate a potentially habitable world.

The exoplanet was identified using data from the Habitable-Zone Planet Finder (HPF), a high-precision near-infrared spectrograph that functions as a sophisticated prism to separate starlight into its components. The HPF is installed on the Hobby-Eberly Telescope at the McDonald Observatory in Texas, and Penn State researchers led its design and construction to support the search for Earth-like planets orbiting nearby stars.

"We call it the Habitable Zone Planet Finder, because we are looking for worlds that are at the right distance from their star that liquid water could exist on their surface. This has been the central goal of that survey," Mahadevan said. "This discovery represents one of the best candidates in the search for atmospheric signature of life elsewhere in the next five to ten years."

Detecting a Subtle Stellar Wobble

Mahadevan and his team studied a large set of measurements collected worldwide over two decades. Their analysis focused on the small but measurable "wobble" of the host star, GJ 251, caused by gravitational pulls from orbiting planets. These motions appear as slight Doppler shifts in the star's light.




They first refined measurements of a previously known inner planet, GJ 251 b, which completes an orbit every 14 days. By combining the long-term observations with new high-precision HPF data, the researchers detected a stronger signal repeating every 54 days, pointing to the presence of a more massive second planet. Additional confirmation came from the NEID spectrometer, another instrument built by Penn State researchers and operating at the Kitt Peak National Observatory in Arizona.

"We are at the cutting edge of technology and analysis methods with this system," said Corey Beard, corresponding author of the paper, who carried out the research while earning his doctorate in astrophysics at the University of California, Irvine. "We need the next generation of telescopes to directly image this candidate, but what we also need is community investment."

Overcoming Stellar Activity to Reveal Planetary Signals

One of the major difficulties in exoplanet detection is separating a planet's signal from the star's own magnetic activity, which Mahadevan compared to a form of stellar weather. Starspots and other surface features can mimic the periodic variations produced by orbiting planets, creating the illusion of a planetary presence. To distinguish between the two, the team used advanced modeling techniques that examine how signals behave across different colors of light.

"This is a hard game in terms of trying to beat down stellar activity as well as measuring its subtle signals, teasing out slight signals from what is essentially this frothing, magnetospheric cauldron of a star surface," Mahadevan said.

He noted that detecting planets like GJ 251 c depends not only on sophisticated equipment but also on complex analysis and international teamwork. Such projects require long-term funding and coordination because meaningful discoveries can take decades to emerge.




Collaboration and Advanced Tools Enable Discovery

"This discovery is a great example of the power of multi-disciplinary research at Penn State," said Eric Ford, distinguished professor of astronomy and astrophysics and director of research for Penn State's Institute of Computational & Data Sciences (ICDS). "Mitigating stellar activity noise required not just cutting-edge instrumentation and telescope access, but also customizing the data science methods for the specific needs of this star and combination of instruments. The combination of exquisite data and state-of-the art statistical methods enabled our interdisciplinary team to transform data into an exciting discovery that paves the way for future observatories to search for evidence of life beyond our solar system."

Although current technology cannot produce direct images of GJ 251 c, Mahadevan said that upcoming telescopes will be capable of examining the planet's atmosphere, potentially revealing chemical traces of life.

Preparing for Next-Generation Telescopes

"We are always focused on the future," he said. "Whether that's making sure the next generation of students can engage in cutting-edge research or designing and building new technology to detect potentially habitable planets."

GJ 251 c is situated in a position that future advanced telescopes will be able to study directly. Mahadevan and his students are already preparing for the era of 30-meter-class ground based telescopes, which will carry instruments capable of imaging rocky planets within their stars' habitable zones.

"While we can't yet confirm the presence of an atmosphere or life on GJ 251 c, the planet represents a promising target for future exploration," Mahadevan said. "We made an exciting discovery, but there's still much more to learn about this planet."

The U.S. National Science Foundation, NASA and the Heising-Simons Foundation supported the Penn State aspects of this research.
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Wild new "gyromorph" materials could make computers insanely fast | ScienceDaily
Researchers are exploring a new generation of computers that operate using light, or photons, instead of electrical currents. Systems that rely on light to store and process information could one day run far more efficiently and complete calculations much faster than conventional machines.


						
Light-driven computing is still at an early stage, and one of the main technical obstacles involves controlling tiny streams of light traveling through a chip. Rerouting these microscopic signals without weakening them requires carefully engineered materials. To keep signals strong, the hardware must include a lightweight substance that prevents stray light from entering from any direction. This type of material is known as an "isotropic bandgap material."

Discovery of Gyromorphs at NYU

Scientists at New York University have identified a new material called "gyromorphs" that meets this challenge more effectively than any other known structure. Gyromorphs combine features normally associated with liquids and crystals, yet they exceed both in their ability to block incoming light from all angles. The discovery, reported in Physical Review Letters, introduces a fresh strategy for tuning optical behavior and could help advance the development of photonic computers.

"Gyromorphs are unlike any known structure in that their unique makeup gives rise to better isotropic bandgap materials than is possible with current approaches," says Stefano Martiniani, an assistant professor of physics, chemistry, mathematics and neural science, and the senior author of the study.

Why Existing Materials Fall Short

For decades, researchers have looked to quasicrystals when designing isotropic bandgap materials. These structures, first proposed by physicists Paul Steinhardt and Dov Levine in the 1980s and later observed by Dan Schechtman, follow mathematical rules but do not repeat like traditional crystals.




Despite their promise, quasicrystals come with a trade-off noted by the NYU team. They may completely block light, but only from limited directions. Alternatively, they can weaken light from all directions but fail to fully stop it. This limitation has driven scientists to search for alternatives that can block signal-degrading light more comprehensively.

Engineering New Metamaterials

In their Physical Review Letters study, the NYU researchers created "metamaterials," which are engineered structures whose properties depend on their architecture rather than on their chemical composition. One major challenge in designing these materials lies in understanding how their arrangement leads to desired physical behaviors.

To overcome this, the team developed an algorithm capable of producing functional structures with built-in disorder. Their work revealed a new form of "correlated disorder" that sits between the fully ordered and fully random extremes.

"Think of trees in a forest -- they grow at random positions, but not completely random because they're usually a certain distance from one another," Martiniani explains. "This new pattern, gyromorphs, combines properties that we believed to be incompatible and displays a function that outperforms all ordered alternatives, including quasicrystals."

How Gyromorphs Achieve Their Unique Capabilities

During their analysis, the scientists observed that every isotropic bandgap material exhibited a shared structural signature.




"We wanted to make this structural signature as pronounced as possible," says Mathias Casiulis, a postdoctoral fellow in NYU's Department of Physics and the paper's lead author. "The result was a new class of materials -- gyromorphs -- that reconcile seemingly incompatible features.

"This is because gyromorphs don't have a fixed, repeating structure like a crystal, which gives them a liquid-like disorder, but, at the same time, if you look at them from a distance they form regular patterns. These properties work together to create bandgaps that lightwaves can't penetrate from any direction."

The research also included Aaron Shih, an NYU graduate student, and received support from the Simons Center for Computational Physical Chemistry (839534) and the Air Force Office of Scientific Research (FA9550-25-1-0359).
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Jupiter's wild youth may have reshaped the entire Solar System | ScienceDaily
New research from Rice University indicates that Jupiter dramatically reshaped the early solar system. According to the study, the giant planet created rings and wide gaps in the protoplanetary disk, helping to solve a long-standing mystery: why many primitive meteorites formed several million years after the very first solid materials. The work draws on hydrodynamic models of Jupiter's growth combined with simulations that track how dust and young planets evolve. The findings appear in Science Advances.


						
Using advanced computer simulations, planetary scientists Andre Izidoro and Baibhav Srivastava found that Jupiter's rapid early expansion disturbed the disk of gas and dust surrounding the young sun. The planet's strong gravitational pull generated ripples throughout the disk, creating what they describe as "cosmic traffic jams" that kept small particles from falling into the sun. Instead, these particles accumulated in dense bands, allowing them to merge into planetesimals, the solid precursors of planets.

Second-Generation Planetesimals and the Origin of Chondrites

A key finding from the study is that the planetesimals forming within these bands were not the solar system's original building blocks. They were part of a later generation and formed at a time that matches the birth of many chondrites, a class of stony meteorites that contain both chemical and chronological clues from the solar system's earliest era.

"Chondrites are like time capsules from the dawn of the solar system," said Izidoro, assistant professor of Earth, environmental and planetary sciences at Rice. "They have fallen to Earth over billions of years, where scientists collect and study them to unlock clues about our cosmic origins. The mystery has always been: Why did some of these meteorites form so late, 2 to 3 million years after the first solids? Our results show that Jupiter itself created the conditions for their delayed birth."

Chondrites are especially important because they preserve some of the most untouched material available for scientific study. Meteorites from the first generation of planet-building objects melted and transformed, losing much of their original structure. In contrast, chondrites retain primitive solar system dust as well as small molten droplets called chondrules. Their unexpectedly late formation has challenged researchers for decades.

"Our model ties together two things that didn't seem to fit before -- the isotopic fingerprints in meteorites, which come in two flavors, and the dynamics of planet formation," Srivastava explained. "Jupiter grew early, opened a gap in the gas disk, and that process protected the separation between inner and outer solar system material, preserving their distinct isotopic signatures. It also created new regions where planetesimals could form much later."

How Jupiter Helped Shape the Inner Solar System




The research also sheds light on another puzzle: why Earth, Venus and Mars orbit near 1 astronomical unit from the sun instead of spiraling inward, a common outcome in many planetary systems observed around other stars. By blocking the inward flow of gas, Jupiter prevented young planets from migrating toward the sun. As a result, these worlds remained in the terrestrial zone, where Earth and its neighboring planets eventually formed.

"Jupiter didn't just become the biggest planet -- it set the architecture for the whole inner solar system," Izidoro said. "Without it, we might not have Earth as we know it."

The team's conclusions align with ring-and-gap patterns now seen in the disks of young star systems observed through the Atacama Large Millimeter/submillimeter Array (ALMA) telescope in northern Chile. These structures show how forming giant planets can reshape their surroundings.

"Looking at those young disks, we see the beginning of giant planets forming and reshaping their birth environment," Izidoro said. "Our own solar system was no different. Jupiter's early growth left a signature we can still read today, locked inside meteorites that fall to Earth."

This research was supported in part by the National Science Foundation (NSF), the NSF-funded Big-Data Private-Cloud Research Cyberinfrastructure and Rice's Center for Research Computing.
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A radical upgrade pushes quantum links 200x farther | ScienceDaily
Quantum computers can perform certain calculations at remarkable speeds, yet connecting them over long distances has been one of the major obstacles to building large, reliable quantum networks.


						
Until recently, two quantum computers could only link through a fiber cable over a span of a few kilometers. This limitation meant that a system on the University of Chicago's South Side campus could not communicate with one in the Willis Tower, even though both are located within the same city. The distance was simply too great for current technology.

A new study published on November 6 in Nature Communications by University of Chicago Pritzker School of Molecular Engineering (UChicago PME) Asst. Prof. Tian Zhong suggests that this boundary can be pushed dramatically farther. His team's work indicates that quantum connections could, in theory, extend up to 2,000 km (1,243 miles).

With this method, the UChicago quantum computer that once struggled to reach the Willis Tower could instead connect with a device located outside Salt Lake City, Utah.

"For the first time, the technology for building a global-scale quantum internet is within reach," said Zhong, who recently received the prestigious Sturge Prize for this research.

Why Quantum Coherence Matters

To create high-performance quantum networks, researchers must entangle atoms and maintain that entanglement as signals travel through fiber cables. The greater the coherence time of those entangled atoms, the farther apart the connected quantum computers can be.




In the new study, Zhong's team succeeded in raising the coherence time of individual erbium atoms from 0.1 milliseconds to more than 10 milliseconds. In one experiment, they achieved 24 milliseconds of coherence. Under ideal conditions, this improvement could enable communication between quantum computers separated by roughly 4,000 km, the distance between UChicago PME and Ocana, Colombia.

Building the Same Materials in a New Way

The team did not switch to unfamiliar or exotic materials. Instead, they reimagined how the materials were constructed. They produced the rare-earth doped crystals required for quantum entanglement using a method called molecular-beam epitaxy (MBE) rather than the standard Czochralski method.

"The traditional way of making this material is by essentially a melting pot," Zhong said, referring to the Czochralski approach. "You throw in the right ratio of ingredients and then melt everything. It goes above 2,000 degrees Celsius and is slowly cooled down to form a material crystal."

Afterward, researchers carve the cooled crystal chemically to shape it into a usable component. Zhong likens this to a sculptor chiseling away at marble until the final form emerges.

MBE relies on a very different idea. It resembles 3D printing, but at the atomic scale. The process lays down the crystal in extremely thin layers, eventually forming the exact structure needed for the device.




"We start with nothing and then assemble this device atom by atom," Zhong said. "The quality or purity of this material is so high that the quantum coherence properties of these atoms become superb."

Although MBE has been used in other areas of materials science, it had not previously been applied to this type of rare-earth doped material. For this project, Zhong collaborated with materials synthesis specialist UChicago PME Asst. Prof. Shuolong Yang to adapt MBE to their needs.

Institute of Photonic Sciences Prof. Dr. Hugues de Riedmatten, who was not part of the study, described the results as an important step forward. "The approach demonstrated in this paper is highly innovative," he said. "It shows that a bottom-up, well-controlled nanofabrication approach can lead to the realization of single rare-earth ion qubits with excellent optical and spin coherence properties, leading to a long-lived spin photon interface with emission at telecom wavelength, all in a fiber-compatible device architecture. This is a significant advance that offers an interesting scalable avenue for the production of many networkable qubits in a controlled fashion."

Preparing for Real-World Tests

The next phase of the project is to determine whether the improved coherence times can indeed support long-distance quantum communication outside of theoretical models.

"Before we actually deploy fiber from, let's say, Chicago to New York, we're going to test it just within my lab," Zhong said.

The team plans to link two qubits housed in separate dilution refrigerators ("fridges") inside Zhong's laboratory using 1,000 kilometers of coiled fiber. This step will help them verify that the system behaves as expected before moving to larger scales.

"We're now building the third fridge in my lab. When it's all together, that will form a local network, and we will first do experiments locally in my lab to simulate what a future long-distance network will look like," Zhong said. "This is all part of the grand goal of creating a true quantum internet, and we're achieving one more milestone towards that."
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Space dust reveals how fast the Arctic is changing | ScienceDaily
Arctic sea ice has shrunk by more than 42% since 1979, when satellites first began providing consistent measurements. As the remaining ice thins and retreats, more open ocean is left exposed to sunlight. Ice helps cool the planet by reflecting sunlight, but darker seawater absorbs heat instead, which speeds up warming and contributes to even greater ice loss. Climate projections suggest the Arctic could experience ice-free summers within the next few decades, and scientists are still working to understand how this shift might affect ecosystems and human societies.


						
For many years, scientists have known that fine particles from space steadily fall to Earth and accumulate in ocean sediments. A study published on November 6 in Science shows that identifying where this cosmic dust appears, and where it is missing, offers clues about how sea ice coverage has changed over thousands of years.

"If we can project the timing and spatial patterns of ice coverage decline in the future, it will help us understand warming, predict changes to food webs and fishing, and prepare for geopolitical shifts," said Frankie Pavia, a UW assistant professor of oceanography who led the research.

How Cosmic Dust Helps Track Ancient Ice

Cosmic dust forms when stars explode or when comets break apart, and much of it carries a rare version of helium called helium-3 after passing near the sun. Researchers measure helium-3 to separate cosmic dust from material originating on Earth.

"It's like looking for a needle in a haystack," Pavia said. "You've got this small amount of cosmic dust raining down everywhere, but you've also got Earth sediments accumulating pretty fast."

In this project, however, Pavia focused more on places where the dust did not show up.




"During the last ice age, there was almost no cosmic dust in the Arctic sediments," he said.

Reconstructing 30,000 Years of Arctic Sea Ice

The team proposed that cosmic dust could serve as a stand-in for satellite measurements of ice. When the sea surface is covered with ice, the dust cannot settle on the seafloor, but open water allows it to reach the sediment. By measuring the amount of cosmic dust in sediment cores collected from three Arctic locations, the researchers recreated sea ice history over the past 30,000 years.

The three study sites "span a gradient of modern ice coverage," Pavia said. One site near the North Pole remains ice-covered throughout the year. A second sits near the seasonal edge of the ice in September, and the third was consistently ice-covered in 1980 but now experiences periodic ice-free conditions.

The team found that times of persistent ice cover matched periods with very little cosmic dust in the sediments. This was true during the last ice age about 20,000 years ago. As the planet warmed afterward, cosmic dust began to appear again in the sediment samples.

Linking Ice Changes to Nutrient Use

The researchers also compared their reconstructed ice record with data on nutrient availability. They discovered that nutrient consumption was highest when sea ice levels were low and declined as ice cover increased.




Nutrient cycling data comes from tiny shells once inhabited by foraminifera, organisms that digest nitrogen. Chemical signatures preserved in their shells reveal how much of the available nutrients these organisms used while they were alive.

"As ice decreases in the future, we expect to see increased consumption of nutrients by phytoplankton in the Arctic, which has consequences for the food web," Pavia said.

What Drives Shifts in Nutrients?

More work is needed to understand why nutrient use changes as ice declines. One possibility is that less ice leads to more photosynthesis at the surface, increasing nutrient uptake. Another idea suggests that melting ice dilutes nutrient concentrations in the water.

Both ideas could appear as higher nutrient consumption, but only the first would signal a rise in marine productivity.

Additional co-authors include Jesse R. Farmer at the University of Massachusetts Boston; Laura Gemery and Thomas M. Cronin at the United States Geological Survey; and Jonathan Treffkorn and Kenneth A. Farley at Caltech.

This research was supported by the National Science Foundation and a Foster and Coco Stanback Postdoctoral Fellowship.
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Astronomers stunned by three Earth-sized planets orbiting two suns | ScienceDaily
An international group of scientists has confirmed the discovery of three Earth-sized planets within the binary stellar system known as TOI-2267, located roughly 190 light-years from Earth. The finding, published in Astronomy & Astrophysics, offers new insight into how planets can form and remain stable in double-star systems, which were once thought too chaotic for complex planetary development.


						
"Our analysis shows a unique planetary arrangement: two planets are transiting one star, and the third is transiting its companion star," explains Sebastian Zuniga-Fernandez, a researcher at the University of Liege (ULiege) and first author of the paper. "This makes TOI-2267 the first binary system known to host transiting planets around both of its stars."

A Compact and Unusual Double-Star System

TOI-2267 consists of two stars locked in a close orbital dance, forming what astronomers call a compact binary system. Such systems create gravitational forces that typically disrupt planet formation. Despite this, researchers have detected three Earth-sized planets in tight orbits, a surprising outcome that challenges long-held theories about where rocky worlds can exist.

"Our discovery breaks several records, as it is the most compact and coldest pair of stars with planets known, and it is also the first in which planets have been recorded transiting around both components," says Francisco J. Pozuelos, a co-leader of the study and researcher at the Instituto de Astrofisica de Andalucia (IAA-CSIC).

Combining Space and Ground Observations

NASA's TESS space telescope first provided the data leading to this discovery. Two of the planets were initially identified by astronomers at ULiege and IAA-CSIC using their custom software tool, SHERLOCK. This early detection prompted ground-based observations to confirm the findings.




The confirmation process required a major effort involving several observatories. Among the most important were the SPECULOOS and TRAPPIST telescopes operated by ULiege (PI: Michael Gillon). Designed to detect small exoplanets around cool, dim stars, these robotic instruments were vital for verifying the planets and studying their characteristics in detail.

A Natural Testbed for Planet Formation

"Discovering three Earth-sized planets in such a compact binary system is a unique opportunity," says Zuniga-Fernandez. "It allows us to test the limits of planet formation models in complex environments and to better understand the diversity of possible planetary architectures in our galaxy."

Pozuelos adds, "This system is a true natural laboratory for understanding how rocky planets can emerge and survive under extreme dynamical conditions, where we previously thought their stability would be compromised."

Looking Ahead to Future Exploration

The discovery opens up new questions about how planets form and persist in binary systems. Upcoming observations with the James Webb Space Telescope (JWST) and next-generation ground-based observatories could reveal more details, such as the planets' masses, densities, and even their atmospheric compositions.

Beyond its scientific importance, the finding underscores the value of combining data from space-based observatories like TESS with precise ground-based instruments such as SPECULOOS and TRAPPIST. Together, they continue to expand our understanding of how planetary systems form and evolve across the galaxy.
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NASA's Webb finds life's building blocks frozen in a galaxy next door | ScienceDaily
In a finding that could change how scientists understand the spread of life's ingredients across space, astronomers have detected large organic molecules frozen in ice around a forming star called ST6 in a galaxy beyond the Milky Way.


						
Using the James Webb Space Telescope's (JWST) Mid-Infrared Instrument (MIRI), the research team identified five carbon-based compounds in the Large Magellanic Cloud, our closest neighboring galaxy. The study, led by University of Maryland and NASA scientist Marta Sewilo, was published in the Astrophysical Journal Letters on October 20, 2025.

Detecting Life's Chemical Ingredients in Alien Ice

Sewilo's group found five complex organic molecules (COMs) within the ice surrounding the young protostar. These included methanol and ethanol (both types of alcohol), methyl formate and acetaldehyde (industrial chemicals on Earth), and acetic acid (the main ingredient in vinegar). One of the compounds, acetic acid, had never before been definitively observed in space ice, while the others -- ethanol, methyl formate, and acetaldehyde -- were detected in ices outside the Milky Way for the first time.

The team also spotted signs of glycolaldehyde, a sugar-related molecule linked to RNA formation, though further analysis is required to confirm it.

JWST's Sharp Vision Opens a New Window on Cosmic Chemistry

"It's all thanks to JWST's exceptional sensitivity combined with high angular resolution that we're able to detect these faint spectral features associated with ices around such a distant protostar," Sewilo said. "The spectral resolution of JWST is sufficiently high to allow for reliable identifications."

Before the Webb telescope, methanol was the only complex organic molecule ever confirmed in ice around protostars -- even within our own galaxy. According to Sewilo, the extraordinary precision of the new data allowed her team to extract an unprecedented amount of information from a single spectrum.




A Harsh Galaxy as a Laboratory for Life's Origins

The discovery is especially striking because of where the molecules were found. The Large Magellanic Cloud, located about 160,000 light-years from Earth, is an ideal environment for studying how stars form in conditions resembling those of the early universe. This small galaxy has only about one-third to one-half the heavy elements (those with atomic numbers greater than helium) of our solar system and endures far more intense ultraviolet radiation.

"The low metallicity environment, meaning the reduced abundance of elements heavier than hydrogen and helium, is interesting because it's similar to galaxies at earlier cosmological epochs," Sewilo explained. "What we learn in the Large Magellanic Cloud, we can apply to understanding these more distant galaxies from when the universe was much younger. The harsh conditions tell us more about how complex organic chemistry can occur in these primitive environments where much fewer heavy elements like carbon, nitrogen and oxygen are available for chemical reactions."

How Complex Molecules Form on Cosmic Dust

Study co-author Will Rocha of Leiden University in the Netherlands noted that COMs can form in both the gas phase and in icy layers coating interstellar dust grains. Once formed, these ices can later release their molecules back into the gas. Methanol and methyl formate had already been observed in the gas phase within the Large Magellanic Cloud, but this is the first evidence that such molecules are also forming in the solid ice itself.

"Our detection of COMs in ices supports these results," Rocha said. "The detection of icy COMs in the Large Magellanic Cloud provides evidence that these reactions can produce them effectively in a much harsher environment than in the solar neighborhood."

Life's Ingredients May Have Formed Early in the Universe




The presence of these complex molecules in a low-metallicity environment similar to those found in the early universe suggests that the building blocks of life may have begun forming much earlier -- and in a wider range of conditions -- than scientists once thought.

While this discovery does not prove that life exists elsewhere, it indicates that organic compounds can endure through the process of planetary formation and potentially be incorporated into young planets, creating conditions where life might one day emerge.

Expanding the Search for Cosmic Chemistry

Sewilo and her collaborators plan to extend their work by examining more protostars in both the Large and Small Magellanic Clouds to explore how widespread these molecules may be.

"We currently only have one source in the Large Magellanic Cloud and only four sources with detection of these complex organic molecules in ices in the Milky Way. We need larger samples from both to confirm our initial results that indicate differences in COM abundances between these two galaxies," Sewilo said. "But with this discovery, we've made significant advancements in understanding how complex chemistry emerges in the universe and opening new possibilities for research into how life came to be."
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Scientists just found a material that beats diamond at its own game | ScienceDaily
Researchers at the University of Houston have achieved a major scientific milestone in the study of heat transfer. Their new findings overturn long-standing assumptions about thermal conductivity and reveal that boron arsenide (BAs) can conduct heat more effectively than diamond, which has long been considered the benchmark among isotropic materials.


						
The research team discovered that when BAs crystals are produced with exceptional purity, they can reach thermal conductivity values greater than 2,100 watts per meter per Kelvin (W/mK) at room temperature -- possibly surpassing diamond itself.

Published in Materials Today, the study challenges existing theoretical models and could reshape how scientists think about heat movement through solid materials. The results also point to a promising new semiconductor option for devices that demand advanced thermal management, including smartphones, high-power electronics, and data centers.

"We trust our measurement; our data is correct and that means the theory needs correction," said Zhifeng Ren, corresponding author and a professor of physics in UH's College of Natural Sciences and Mathematics. "I'm not saying the theory is wrong, but an adjustment needs to be made to be consistent with the experimental data."

Breaking Through Long-Held Limits

The discovery emerged from a collaboration among the University of Houston's Texas Center for Superconductivity (directed by Ren), the University of California, Santa Barbara, and Boston College.

For more than a decade, boron arsenide has intrigued scientists. In 2013, Boston College physicist and study co-author David Broido and colleagues predicted that BAs could theoretically conduct heat as efficiently -- or even better -- than diamond. However, revised models in 2017 added a complex factor known as four-phonon scattering, which reduced predicted performance to around 1,360 W/mK. This caused many in the field to abandon the idea that BAs could exceed diamond's conductivity.




Ren's group, however, suspected the problem wasn't the material's intrinsic ability but the impurities within it. Earlier experimental samples contained defects that limited performance to about 1,300 W/mK, well below the ideal conditions used in theoretical predictions.

Cleaner Crystals, Record-Breaking Results

By refining raw arsenic and developing improved synthesis methods, the UH-led team created boron arsenide crystals with significantly fewer imperfections. When tested, these high-purity samples demonstrated a remarkable thermal conductivity above 2,100 W/mK -- surpassing not only earlier experimental results but also the theoretical ceiling itself.

This achievement confirms that material purity plays a decisive role in heat transfer performance and opens a path toward even more efficient heat-conducting materials.

Why the Discovery Matters

The implications of this breakthrough extend far beyond laboratory measurements. Boron arsenide has the potential to revolutionize electronics and semiconductor technology by providing a material that both dissipates heat effectively and performs as a high-quality semiconductor.




Its advantages include:
    	Easier and more cost-effective manufacturing compared to diamond, without the need for extreme temperature or pressure.
    	Exceptional thermal conductivity combined with efficient semiconductor behavior.
    	Potentially superior electronic performance compared to silicon due to its high carrier mobility, wide band gap, and well-matched coefficient of thermal expansion.

"This new material, it's so wonderful," Ren said. "It has the best properties of a good semiconductor, and a good thermal conductor -- all sorts of good properties in one material. That has never happened in other semiconducting materials."

Looking Forward: Pushing the Boundaries of Physics

Although this discovery marks a new frontier, the work is ongoing. Researchers at the Texas Center for Superconductivity plan to continue refining their methods, aiming to enhance boron arsenide's performance even further.

The study is part of a $2.8 million National Science Foundation project led by Bolin Liao at UC Santa Barbara, with contributions from the University of Houston, the University of Notre Dame, and UC Irvine. The research also receives partial support from industrial partner Qorvo.

Ren encourages scientists to revisit existing models and challenge theoretical assumptions that may have underestimated materials like BAs.

"You shouldn't let a theory prevent you from discovering something even bigger, and this exactly happened in this work," Ren said.
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Brain-like learning found in bacterial nanopores | ScienceDaily
Pore-forming proteins are widespread across living organisms. In humans, they are essential for immune defense, while in bacteria they often act as toxins that puncture cell membranes. These microscopic pores allow ions and molecules to move through membranes, controlling molecular traffic within cells. Because of their precision and control, scientists have adapted them as nanopore tools for biotechnology, such as in DNA sequencing and molecular sensing.


						
Although biological nanopores have revolutionized biotechnology, they can behave in complex and sometimes erratic ways. Researchers still lack a complete understanding of how ions travel through them or why ion flow occasionally stops altogether.

Two particularly puzzling behaviors have long intrigued scientists: rectification and gating. Rectification occurs when the flow of ions changes depending on the "sign" (plus or minus -- positive or negative) of the voltage applied. Gating happens when the ion flow suddenly decreases or stops. These effects, especially gating, can disrupt nanopore-based sensing and have remained difficult to explain.

A research team led by Matteo Dal Peraro and Aleksandra Radenovic at EPFL has now identified the physical mechanisms behind these two effects. Using a combination of experiments, simulations, and theoretical modeling, they found that both rectification and gating arise from the nanopore's own electrical charges and the way those charges interact with the ions moving through the pore.

Experimenting With Electric Charges

The team studied aerolysin, a bacterial pore commonly used in sensing research. They modified the charged amino acids lining its interior to create 26 nanopore variants, each with a distinct charge pattern. By observing how ions traveled through these modified pores under different conditions, they were able to isolate key electrical and structural factors.

To better understand how these effects evolve over time, the scientists applied alternating voltage signals to the nanopores. This approach allowed them to distinguish rectification, which occurs quickly, from gating, which develops more slowly. They then built biophysical models to interpret their data and reveal the mechanisms at work.




How Nanopores Learn Like the Brain

The researchers discovered that rectification happens because of how the charges along the inner surface influence ion movement, making it easier for ions to flow in one direction than the other, similar to a one-way valve. Gating, in contrast, occurs when a heavy ion flow disrupts the charge balance and destabilizes the pore's structure. This temporary collapse blocks ion passage until the system resets.

Both effects depend on the exact placement and type of electrical charge within the nanopore. By reversing the charge "sign," the team could control when and how gating occurred. When they increased the pore's rigidity, gating stopped completely, confirming that structural flexibility is key to this phenomenon.

Toward Smarter Nanopores

These findings open new possibilities for engineering biological nanopores with custom properties. Scientists can now design pores that minimize unwanted gating for applications in nanopore sensing, or deliberately use gating for bio-inspired computing. In one demonstration, the team created a nanopore that mimics synaptic plasticity, "learning" from voltage pulses much like a neural synapse. This discovery suggests that future ion-based processors could one day harness such molecular "learning" to power new forms of computing.
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Entangled spins give diamonds a quantum advantage | ScienceDaily
The quest to create useful quantum technologies begins with a deep understanding of the strange laws that govern quantum behavior and how those principles can be applied to real materials. At the University of California, Santa Barbara, physicist Ania Jayich, Bruker Endowed Chair in Science and Engineering, Elings Chair in Quantum Science, and co-director of the NSF Quantum Foundry, leads a lab where the key material is laboratory-grown diamond.


						
Working at the intersection of quantum physics and materials science, Jayich and her team study how precise atomic-scale imperfections in diamond -- known as spin qubits -- can be engineered for advanced quantum sensing. Among the group's standout researchers, Lillian Hughes, who recently completed her Ph.D. and is heading to Caltech for postdoctoral work, made a major breakthrough in this field.

Through three co-authored papers -- one in PRX in March and two in Nature in October -- Hughes demonstrated for the first time that not just individual qubits but two-dimensional ensembles of many quantum defects can be organized and entangled inside diamond. This achievement marks a milestone toward solid-state systems that deliver a measurable quantum advantage in sensing, opening a new path for the next generation of quantum devices.

Engineering Quantum Defects in Diamond

"We can create a configuration of nitrogen-vacancy (NV) center spins in the diamonds with control over their density and dimensionality, such that they are densely packed and depth-confined into a 2D layer," Hughes explained. "And because we can design how the defects are oriented, we can engineer them to exhibit non-zero dipolar interactions." This accomplishment formed the basis of the PRX study, "A strongly interacting, two-dimensional, dipolar spin ensemble in (111)-oriented diamond."

An NV center consists of a nitrogen atom replacing a carbon atom and an adjacent vacancy where a carbon atom is missing. "The NV center defect has a few properties, one of which is a degree of freedom called a spin -- a fundamentally quantum mechanical concept. In the case of the NV center, the spin is very long lived," said Jayich. "These long-lived spin states make NV centers useful for quantum sensing. The spin couples to the magnetic field that we're trying to sense."

From MRI to Quantum Sensing

The concept of using spin as a sensor dates back to the development of magnetic resonance imaging (MRI) in the 1970s. Jayich explained that MRI works by controlling the alignment and energy states of protons and detecting the signals they emit as they relax, forming an image of internal structures.




"Previous quantum-sensing experiments conducted in a solid-state system have all made use of single spins or non-interacting spin ensembles," Jayich said. "What's new here is that, because Lillian was able to grow and engineer these very strongly interacting dense spin ensembles, we can actually leverage the collective behavior, which provides an extra quantum advantage, allowing us to use the phenomena of quantum entanglement to get improved signal-to-noise ratios, providing greater sensitivity and making a better measurement possible."

Why Diamond Matters for Quantum Sensors

The type of entanglement-assisted sensing demonstrated by Hughes has been shown before, but only in gas-phase atomic systems. "Ideally, for many target applications, your sensor should be easy to integrate and to bring close to the system under study," Jayich said. "It is much easier to do that with a solid-state material, like diamond, than with gas-phase atomic sensors on which, for instance, GPS is based. Furthermore, atomic sensors require significant auxiliary hardware to confine and control, such as vacuum chambers and numerous lasers, making it hard to bring an atomic sensor within nanometer-scale proximity to a protein, for instance, prohibiting high-spatial-resolution imaging."

Jayich's team is especially focused on using diamond-based quantum sensors to study electronic properties of materials. "You can place material targets into nanometer-scale proximity of a diamond surface, thus bringing them really close to sub-surface NV centers," Jayich explained. "So it's very easy to integrate this type of diamond quantum sensor with a variety of interesting target systems. That's a big reason why this platform is so exciting."

Probing Materials and Biology with Quantum Precision

"A solid-state magnetic sensor of this kind could be very useful for probing, for instance, biological systems," Jayich said. "Nuclear magnetic resonance [NMR] is based on detecting very small magnetic fields coming from the constituent atoms in, for example, biological systems. Such an approach is also useful if you want to understand new materials, whether electronic materials, superconducting materials, or magnetic materials that could be useful for a variety of applications."

Overcoming Quantum Noise




Every measurement has a limit set by noise, which restricts precision. A fundamental form of this noise, called quantum projection noise, sets what's known as the standard quantum limit -- the point beyond which unentangled sensors cannot improve. If scientists can engineer specific interactions between sensors, they can surpass this boundary. One way to do this is through spin squeezing, which correlates quantum states to reduce uncertainty.

"It's as if you were trying to measure something with a meter stick having gradations a centimeter apart; those centimeter-spaced gradations are effectively the amplitude of the noise in your measurement. You would not use such a meter stick to measure the size of an amoeba, which is much smaller than a centimeter," Jayich said. "By squeezing -- silencing the noise -- you effectively use quantum mechanical interactions to 'squish' that meter stick, effectively creating finer gradations and allowing you to measure smaller things more precisely."

Amplifying Quantum Signals

The team's second Nature paper details another strategy for improving measurement: signal amplification. This approach strengthens the signal without increasing noise. In the meter stick analogy, amplifying the signal makes the amoeba appear larger so that even coarse measurement markings can capture it accurately.

Looking ahead, Jayich is confident about applying these principles in real-world systems. "I don't think the foreseen technical challenges will prevent demonstrating a quantum advantage in a useful sensing experiment in the near future," she said. "It's mostly about making the signal amplification stronger or increasing the amount of squeezing. One way to do that is to control the position of the spins in the 2Dxy plane, forming a regular array."

"There's a materials challenge here, in that, because we can't dictate exactly where the spins will incorporate, they incorporate in somewhat random fashion within a plane," Jayich added. "That's something we're working on now, so that eventually we can have a grid of these spins, each placed a specific distance from each other. That would address an outstanding challenge to realizing practical quantum advantage in sensing."
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Astronomers just solved the mystery of "impossible" black holes | ScienceDaily
An extensive series of computer simulations led by astrophysicists at the Flatiron Institute and their collaborators has revealed that magnetic fields are the missing factor behind the creation of black holes whose masses fall within a range once thought impossible.


						
In 2023, astronomers witnessed a dramatic event: two extraordinarily massive black holes collided roughly 7 billion light-years away. Their immense size and rapid spin defied explanation. According to existing theories, black holes like these simply shouldn't exist.

Researchers from the Flatiron Institute's Center for Computational Astrophysics (CCA) and partner institutions have now uncovered how such cosmic giants might form and eventually collide. By tracing the life cycles of the stars that gave rise to these black holes, the team discovered that magnetic fields -- long overlooked in earlier models -- play a crucial role.

"No one has considered these systems the way we did; previously, astronomers just took a shortcut and neglected the magnetic fields," explains Ore Gottlieb, an astrophysicist at the CCA and lead author of the study, which appears in The Astrophysical Journal Letters. "But once you consider magnetic fields, you can actually explain the origins of this unique event."

The 2023 Collision That Challenged Black Hole Theory

The cosmic crash, now known as GW231123, was detected by the LIGO-Virgo-KAGRA observatories, which measure gravitational waves -- the ripples in space-time produced by massive celestial motions.

At the time of detection, astronomers could not understand how such enormous and fast-spinning black holes had formed. When a massive star exhausts its fuel, it typically collapses and explodes in a supernova, leaving behind a smaller black hole. However, stars within a specific mass range experience an especially violent type of explosion called a pair-instability supernova, which destroys the star completely.




"As a result of these supernovae, we don't expect black holes to form between roughly 70 to 140 times the mass of the sun," Gottlieb says. "So it was puzzling to see black holes with masses inside this gap."

Simulations Reveal a Hidden Force at Work

One possible explanation is that black holes within this "mass gap" form indirectly, through the merger of smaller black holes. But in the case of GW231123, this seemed unlikely. Mergers are typically chaotic, disrupting the spin of the resulting black hole. Yet the two black holes involved in GW231123 were spinning near the speed of light -- the fastest ever observed -- making such a scenario improbable.

To solve the mystery, Gottlieb and his team performed a two-stage simulation. First, they modeled a massive star 250 times the mass of the Sun through its life and death. By the time it exploded as a supernova, it had burned enough fuel to shrink to about 150 solar masses -- just above the theoretical mass gap, leaving behind a black hole.

The next phase introduced magnetic fields into the picture. The model began with the remnants of the supernova: a swirling cloud of stellar debris containing magnetic fields and a newborn black hole at the center. Earlier theories assumed all the remaining material would fall into the black hole, but the new simulations painted a different picture.

How Magnetism Reshapes the Fate of a Collapsing Star

If a collapsing star is not rotating, the surrounding matter falls straight into the black hole. But when a star spins rapidly, that material forms a disk around the black hole, feeding it over time and increasing its spin. Magnetic fields, however, disrupt this process. Their pressure can blast some of the material outward at nearly the speed of light, preventing it from falling in.




This ejection of matter reduces the amount of material the black hole absorbs. The stronger the magnetic fields, the more mass gets expelled. In extreme cases, up to half of the original star's mass can be lost to these outflows. In the team's simulations, this mechanism naturally produced a black hole whose mass fell within the once "forbidden" range.

"We found the presence of rotation and magnetic fields may fundamentally change the post-collapse evolution of the star, making black hole mass potentially significantly lower than the total mass of the collapsing star," Gottlieb says.

Linking Black Hole Mass and Spin

The results point to an intriguing relationship between a black hole's mass and how quickly it spins. Stronger magnetic fields can slow a black hole's rotation and remove more stellar mass, leading to smaller, slower black holes. Weaker fields, on the other hand, allow heavier, faster-spinning ones to form. This pattern could reveal a broader law connecting mass and spin -- a relationship that future observations might confirm.

Currently, no other known black hole systems can test this connection, but astronomers hope upcoming detections will uncover more examples like GW231123.

Bursts of Light From the Darkest Events

The simulations also predict that these magnetic processes produce bursts of gamma rays during black hole formation. Detecting such gamma-ray flashes could help confirm the theory and show how common these massive black holes really are.

If verified, these findings would not only explain an "impossible" collision but also reshape how scientists understand one of the universe's most extreme and fascinating objects.
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A neutron star's weird wind rewrites space physics | ScienceDaily
The X-Ray Imaging and Spectroscopy Mission (XRISM) has identified a surprising contrast between the winds blasting away from a disk around a neutron star and those seen near supermassive black holes. The neutron star system produces an unusually dense outflow that challenges current ideas about how these winds form and how they reshape their surroundings.


						
On February 25, 2024, XRISM used its Resolve instrument to observe the neutron star GX13+1, the compact remnant of a once larger star. GX13+1 shines brightly in X-rays that come from an accretion disk of superheated material spiraling inward and striking the star's surface.

These inward flows can also launch powerful outflows that alter the space around them. How these outflows arise is still under investigation, which is why the team targeted GX13+1.

Resolve can precisely measure the energy of individual X-ray photons, so the scientists anticipated seeing fine-grained details that had never been captured before.

"When we first saw the wealth of details in the data, we felt we were witnessing a game-changing result," says Matteo Guainazzi, ESA XRISM project scientist. "For many of us, it was the realization of a dream that we had chased for decades."

Why cosmic winds matter

These winds are not just curiosities. They drive large-scale change in the universe.




Similar winds also blow from systems with supermassive black holes at galaxy centers. They can compress giant molecular clouds to trigger star birth or heat and disperse those clouds to halt star formation. Astronomers refer to this push and pull as feedback, and in extreme cases the wind from a central black hole can regulate the growth of its entire host galaxy.

Because the processes around supermassive black holes might mirror those near GX13+1, the team chose this neutron star system as a closer, brighter target that could reveal the underlying physics in sharper detail.

A timely surge to the Eddington limit

Just before the planned observations, GX13+1 unexpectedly brightened and reached or even surpassed the Eddington limit.

This limit describes what happens as matter falls onto a compact object such as a black hole or a neutron star. More infalling matter releases more energy. As the energy output rises, the radiation exerts pressure on the incoming material and pushes it outward. At the Eddington limit, the high-energy light being produced can drive almost all of the infalling matter back into space as a wind.

Resolve recorded GX13+1 during this dramatic phase.




"We could not have scheduled this if we had tried," said Chris Done, Durham University, UK, the lead researcher on the study. "The system went from about half its maximum radiation output to something much more intense, creating a wind that was thicker than we'd ever seen before."

A slow, dense wind defies expectations

Despite the intense outburst, the wind's speed remained near 1 million km/h. That is swift on Earth but slow compared with winds near the Eddington limit around supermassive black holes, where outflows can reach 20 to 30 percent of light speed, more than 200 million km/h.

"It is still a surprise to me how 'slow' this wind is," says Chris, "as well as how thick it is. It's like looking at the Sun through a bank of fog rolling towards us. Everything goes dimmer when the fog is thick."

Neutron star vs black hole winds

This was not the only contrast. Earlier XRISM observations of a supermassive black hole at the Eddington limit revealed an ultrafast, clumpy wind. By comparison, the outflow from GX13+1 appears slow and smooth.

"The winds were utterly different but they're from systems which are about the same in terms of the Eddington limit. So if these winds really are just powered by radiation pressure, why are they different?" asks Chris.

Accretion disk temperature as the key

The team suggests the answer lies in the temperature of the accretion disk around the central object. Counterintuitively, disks around supermassive black holes tend to be cooler than those in stellar-mass systems with neutron stars or black holes.

Disks around supermassive black holes are much larger. They can be extremely luminous, yet that power is spread over a vast area, so the typical radiation they emit peaks in ultraviolet light. Stellar-mass systems radiate more strongly in X-rays.

Ultraviolet light interacts with matter more readily than X-rays. Chris and colleagues propose that this difference allows ultraviolet radiation to push material more efficiently, generating the much faster winds seen near supermassive black holes.

What this means for galaxy evolution

If this explanation holds, it will refine how scientists think about the exchange of energy and matter in extreme environments. It could also clarify how these processes influence the growth of galaxies and the broader evolution of the cosmos.

"The unprecedented resolution of XRISM allows us to investigate these objects -- and many more -in far greater detail, paving the way for the next-generation, high-resolution X-ray telescope such as NewAthena," says Camille Diez, ESA Research fellow.

XRISM mission at a glance

XRISM (pronounced krizz-em) launched on September 7, 2023. The mission is led by the Japan Aerospace Exploration Agency (JAXA) in partnership with NASA and ESA. It flies with two instruments: Resolve, an X-ray calorimeter that measures the energy of individual X-ray photons to deliver an unprecedented level of energy resolution (the capability of an instrument to distinguish the X-ray 'colors'), and Xtend, a wide-field X-ray CCD camera that images the surrounding region.
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Physicists prove the Universe isn't a simulation after all | ScienceDaily
The idea that our universe might be nothing more than an elaborate computer simulation has been a favorite theme in science fiction for decades. Yet new research from UBC Okanagan suggests that not only is this concept implausible -- it is mathematically impossible.


						
Dr. Mir Faizal, an Adjunct Professor at UBC Okanagan's Irving K. Barber Faculty of Science, and his collaborators, Drs. Lawrence M. Krauss, Arshid Shabir, and Francesco Marino, have shown that the underlying fabric of reality operates in a way no computer could ever replicate.

Their study, published in the Journal of Holography Applications in Physics, doesn't just dispute the idea of a simulated universe like The Matrix. It goes further, demonstrating that the cosmos itself is built upon a kind of understanding that lies outside the reach of any algorithm.

The Simulation Hypothesis Meets Mathematics

"It has been suggested that the universe could be simulated. If such a simulation were possible, the simulated universe could itself give rise to life, which in turn might create its own simulation. This recursive possibility makes it seem highly unlikely that our universe is the original one, rather than a simulation nested within another simulation," says Dr. Faizal. "This idea was once thought to lie beyond the reach of scientific inquiry. However, our recent research has demonstrated that it can, in fact, be scientifically addressed."

The team's findings rest on the evolving understanding of what reality truly is. Physics has moved far beyond Isaac Newton's view of solid objects moving through space. Einstein's theory of relativity replaced that classical model, and quantum mechanics transformed it yet again. Now, at the forefront of theoretical physics, quantum gravity proposes that even space and time are not fundamental elements. Instead, they arise from something deeper -- pure information.

The Hidden Realm Beneath Reality

Physicists describe this informational layer as a "Platonic realm," a mathematical foundation more real than the physical world we perceive. According to the new research, it is from this realm that space and time themselves emerge.




However, the scientists demonstrated that even this information-based structure cannot fully describe reality through computation alone. By applying advanced mathematical principles, including Godel's incompleteness theorem, they proved that any consistent and complete model of existence requires what they call "non-algorithmic understanding."

To grasp this idea, imagine how a computer works -- it follows a set of defined instructions step by step. Yet, some truths exist that cannot be reached by following any sequence of logical operations. These are known as "Godelian truths," and while they are real, they cannot be proven using computation.

Where Computation Fails

Consider the statement, "This true statement is not provable." If it were provable, it would be false, contradicting logic. If it cannot be proven, then it is true, which means any logical system attempting to prove it is incomplete. In either case, computation alone falls short.

"We have demonstrated that it is impossible to describe all aspects of physical reality using a computational theory of quantum gravity," says Dr. Faizal. "Therefore, no physically complete and consistent theory of everything can be derived from computation alone. Rather, it requires a non-algorithmic understanding, which is more fundamental than the computational laws of quantum gravity and therefore more fundamental than spacetime itself."

Why the Universe Cannot Be Simulated

If the underlying rules of the Platonic realm seem similar to those governing a computer simulation, could that realm itself be simulated? The answer, according to the researchers, is no.




"Drawing on mathematical theorems related to incompleteness and indefinability, we demonstrate that a fully consistent and complete description of reality cannot be achieved through computation alone," explains Dr. Faizal. "It requires non-algorithmic understanding, which by definition is beyond algorithmic computation and therefore cannot be simulated. Hence, this universe cannot be a simulation."

Co-author Dr. Lawrence M. Krauss notes that the implications of this finding extend deep into the foundations of physics. "The fundamental laws of physics cannot be contained within space and time, because they generate them. It has long been hoped, however, that a truly fundamental theory of everything could eventually describe all physical phenomena through computations grounded in these laws. Yet we have demonstrated that this is not possible. A complete and consistent description of reality requires something deeper -- a form of understanding known as non-algorithmic understanding."

Reality Beyond Algorithms

As Dr. Faizal summarizes, "Any simulation is inherently algorithmic -- it must follow programmed rules. But since the fundamental level of reality is based on non-algorithmic understanding, the universe cannot be, and could never be, a simulation."

For years, the simulation hypothesis was regarded as untestable, confined to the realms of philosophy and speculative fiction. This new research, however, anchors it firmly in mathematical and physical theory -- delivering what may be the final, definitive answer to one of science's most intriguing questions.
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Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life | ScienceDaily
New research from NASA's Cassini mission reveals that Enceladus, one of Saturn's most intriguing moons and a prime candidate for extraterrestrial life, is releasing heat from both poles. This surprising discovery suggests the icy world has the long-term thermal balance needed for life to possibly take hold. The findings were published on November 7 in Science Advances.


						
A team of scientists from Oxford University, the Southwest Research Institute, and the Planetary Science Institute in Tucson, Arizona, has uncovered the first evidence of significant heat flow at Enceladus' north pole. Until now, scientists believed that heat loss was limited to the south pole, where geysers shoot water vapor and ice particles into space. The new measurements confirm that Enceladus is far more thermally active than previously thought, indicating that it generates and releases much more heat than a dormant, frozen moon would.

A Hidden Ocean Beneath the Ice

Enceladus is a geologically active world with a global, salty ocean hidden beneath its icy surface. Scientists believe this ocean is the main source of the moon's internal heat. Because it contains liquid water, warmth, and essential chemical ingredients (such as phosphorus and complex hydrocarbons), this underground sea is considered one of the most promising environments in the solar system for life beyond Earth.

For life to thrive, Enceladus' ocean must remain stable over long periods, maintaining an equilibrium between energy gained and lost. This balance is sustained through tidal heating, caused by Saturn's powerful gravitational pull that stretches and compresses the moon as it orbits. If too little heat is produced, Enceladus' surface activity would fade, and its ocean could eventually freeze. Too much energy, however, might trigger excessive geological activity, disrupting the delicate environment that supports its ocean.

"Enceladus is a key target in the search for life outside the Earth, and understanding the long-term availability of its energy is key to determining whether it can support life," explained Dr. Georgina Miles (Southwest Research Institute and Visiting Scientist at the Department of Physics, University of Oxford), the study's lead author.

Measuring Enceladus' Mysterious Warmth

Until recently, scientists had only measured heat loss at the moon's south pole. The north pole was believed to be geologically quiet and inactive. To challenge this assumption, the research team used data from NASA's Cassini spacecraft to study the north polar region during two key periods: the deep winter of 2005 and the summer of 2015. These observations allowed scientists to estimate how much energy Enceladus loses as heat moves from its relatively "warm" subsurface ocean (0degC, 32degF) through its icy crust to the surface, which remains bitterly cold (-223degC, -370degF), before escaping into space.




By modeling expected surface temperatures during the long polar night and comparing them with infrared data from Cassini's Composite InfraRed Spectrometer (CIRS), researchers found that the north pole's surface was roughly 7 K warmer than expected. The only explanation for this excess warmth is heat leaking upward from the hidden ocean.

The team measured a heat flow of 46 +- 4 milliwatts per square meter. While that may sound modest, it equals about two-thirds of the average heat escaping through Earth's continental crust. Across Enceladus, this amounts to about 35 gigawatts of energy -- roughly the power produced by 66 million solar panels (530 W each) or 10,500 wind turbines (3.4 MW each).

A Stable Ocean Beneath the Ice

When the new measurements are combined with the heat previously detected at the active south pole, Enceladus' total heat loss reaches about 54 gigawatts. This figure aligns closely with predictions of how much heat should be generated by tidal forces. The nearly perfect balance between heat creation and loss indicates that Enceladus' ocean could remain liquid for vast spans of time, offering a stable, long-term environment that might allow life to develop.

"Understanding how much heat Enceladus is losing on a global level is crucial to knowing whether it can support life," said Dr. Carly Howett (Department of Physics, University of Oxford and Planetary Science Institute in Tucson, Arizona), corresponding author of the study. "It is really exciting that this new result supports Enceladus' long-term sustainability, a crucial component for life to develop."

How Long Has the Ocean Existed?

The next challenge for scientists is to determine how long Enceladus' ocean has been around. If it has existed for billions of years, the conditions for life would have been stable long enough for it to potentially emerge. However, the exact age of the ocean remains uncertain.




Mapping Enceladus for Future Missions

The research also demonstrated that thermal readings can help estimate the thickness of Enceladus' ice shell, an important factor for planning future missions that may attempt to explore its ocean using robotic probes or landers. The analysis suggests that the ice is 20 to 23 km thick at the north pole, and about 25 to 28 km thick on average across the moon -- slightly deeper than earlier estimates derived from other models.

"Eking out the subtle surface temperature variations caused by Enceladus' conductive heat flow from its daily and seasonal temperature changes was a challenge, and was only made possible by Cassini's extended missions," added Dr. Miles. "Our study highlights the need for long-term missions to ocean worlds that may harbor life, and the fact the data might not reveal all its secrets until decades after it has been obtained."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251109032415.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astronomers shocked by mysterious gas found in deep space | ScienceDaily
Phosphorus is one of six essential elements that make life on Earth possible. When it bonds with hydrogen, it forms phosphine (PH3), a highly toxic and explosive gas. This compound is found in the atmospheres of the gas giants Jupiter and Saturn and has long been viewed as a potential biosignature for anaerobic life. On Earth, phosphine arises naturally from decaying organic material in swamps, but on other planets, it is rare and intriguing.


						
A research team led by University of California San Diego Professor of Astronomy and Astrophysics Adam Burgasser has now detected phosphine in the atmosphere of a cool, ancient brown dwarf known as Wolf 1130C. Their findings were recently published in Science.

The team made the discovery using the James Webb Space Telescope (JWST), the first instrument powerful enough to analyze these dim, low-temperature objects in detail. The surprising part, however, is not that phosphine was found -- but that it appears absent from other brown dwarfs and gas giant exoplanets where scientists expected it.

Probing the Chemistry of Ancient Stars

"Our astronomy program, called Arcana of the Ancients, focuses on old, metal-poor brown dwarfs as a means of testing our understanding of atmospheric chemistry," said Burgasser. "Understanding the problem with phosphine was one of our first goals."

Under normal conditions, phosphine naturally forms in the hydrogen-rich atmospheres of gas giants like Jupiter and Saturn. Because of that, researchers have long assumed it should also exist in similar environments around other stars, including brown dwarfs, which are sometimes called "failed stars" because they are too small to fuse hydrogen like true stars.

Yet phosphine has been elusive in previous JWST observations, hinting that something might be missing in our understanding of phosphorus chemistry. "Prior to JWST, phosphine was expected to be abundant in exoplanet and brown dwarf atmospheres, following theoretical predictions based on the turbulent mixing we know exists in these sources," explained co-author Sam Beiler, a postdoctoral scholar at Trinity College Dublin who recently earned his doctorate from the University of Toledo.




Beiler, who has led earlier studies investigating this very absence, added, "Every observation we've obtained with JWST has challenged the theoretical predictions -- that is until we observed Wolf 1130C."

The Unusual System of Wolf 1130ABC

Wolf 1130C is part of a complex three-star system located 54 light-years away in the constellation Cygnus. The brown dwarf orbits a close binary composed of a cool red star (Wolf 1130A) and a dense white dwarf (Wolf 1130B). Astronomers have long been interested in this system because Wolf 1130C contains far fewer "metals" (elements heavier than hydrogen and helium) than the Sun, providing a valuable laboratory for studying primitive cosmic chemistry.

Unlike in previous brown dwarf observations, the JWST data revealed a strong infrared signal from phosphine in Wolf 1130C's atmosphere. To understand how much of the gas was present, the team turned to Assistant Professor Eileen Gonzales from San Francisco State University, who specializes in atmospheric modeling.

"To determine the abundances of molecules in Wolf 1130C, I used a modeling technique known as atmospheric retrievals," said Gonzales. "This technique uses the JWST data to back out how much of each molecular gas species should be in the atmosphere. It's like reverse engineering a really delicious cookie when the chef wouldn't give up the recipe."

Her analysis confirmed that phosphine was present in the predicted amount -- about 100 parts per billion.




Why This Brown Dwarf and Not Others?

The discovery raises a new question: why does this particular brown dwarf contain phosphine while others do not? One possibility involves the object's unusual chemical composition. "It may be that in normal conditions phosphorus is bound up in another molecule such as phosphorus trioxide," explained Beiler. "In the metal-depleted atmosphere of Wolf 1130C, there isn't enough oxygen to take up the phosphorus, allowing phosphine to form from the abundant hydrogen."

The team plans to test this idea through upcoming JWST observations of other metal-poor brown dwarfs to see if the same pattern appears.

A Clue from a Dying Star

Another hypothesis is that phosphorus may have been produced locally within the Wolf 1130ABC system, specifically by its white dwarf, Wolf 1130B. "A white dwarf is the leftover husk of a star that has finished fusing its hydrogen," said Burgasser. "They are so dense that when they accrete material on their surface they can undergo runaway nuclear reactions, which we detect as novae."

Although astronomers have not observed any nova events in this system in recent history, such outbursts often recur every few thousand years. Because Wolf 1130ABC has been known for only about a century, earlier eruptions could have gone unnoticed, leaving behind traces of phosphorus in the surrounding space. Previous research has suggested that many of the Milky Way's phosphorus atoms may have originated from these stellar explosions.

Unraveling the Origins of Phosphorus in the Cosmos

Understanding why Wolf 1130C contains clear evidence of phosphine could offer important insights into how phosphorus forms in the galaxy and how it behaves in planetary atmospheres. As Burgasser explained, "Understanding phosphine chemistry in the atmospheres of brown dwarfs where we don't expect life is crucial if we hope to use this molecule in the search for life on terrestrial worlds beyond our solar system."

This work was supported by NASA/STScI (NAS 5-03127 and AR-2232) and the Heising-Simons Foundation.
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Supercomputer breakthrough exposes Enceladus's hidden ocean | ScienceDaily

Centuries later, NASA's Cassini-Huygens (Cassini) mission pushed that exploration forward. Starting in 2005, it returned striking images that reshaped scientists' understanding of Saturn. Among the most dramatic findings were the towering geysers on the icy moon Enceladus that hurled debris into space and produced a faint sub-ring around the planet.

New Simulations: How Much Ice Escapes Enceladus

Recent supercomputer simulations from the Texas Advanced Computing Center (TACC), built on data from the Cassini spacecraft, refined estimates of how much ice Enceladus loses to space. The results support planning for future robotic exploration and deepen insight into conditions beneath the moon's surface, which could be suitable for life.

"The mass flow rates from Enceladus are between 20 to 40 percent lower than what you find in the scientific literature," said Arnaud Mahieux, a senior researcher at the Royal Belgian Institute for Space Aeronomy and an affiliate of the UT Austin Department of Aerospace Engineering & Engineering Mechanics.

Modeling the Plumes: DSMC Approach and Progress

Mahieux is the corresponding author of a computational study of Enceladus published August 2025 in the Journal of Geophysical Research: Planets. In this work, he and collaborators created Direct Simulation Monte Carlo (DSMC) models to better characterize the structure and behavior of the enormous plumes of water vapor and icy grains expelled from vents at the surface of Enceladus.




The study extends earlier research from 2019 led by Mahieux that first applied DSMC models to deduce the starting conditions for the plumes, including vent size, the ratio of water vapor to ice grains, temperature, and exit speed.

"DSMC simulations are very expensive," Mahieux said. "We used TACC supercomputers back in 2015 to obtain the parameterizations to reduce computation time from 48 hours then to just a few milliseconds now."

Using these mathematical parameterizations and Cassini's in-situ measurements as it flew through the plumes, the team calculated plume density and velocity for Enceladus's cryovolcanic activity.

"The main finding of our new study is that for 100 cryovolcanic sources, we could constrain the mass flow rates and other parameters that were not derived before, such as the temperature at which the material was exiting. This is a big step forward in understanding what's happening on Enceladus," Mahieux said.

A Small World With Powerful Jets

Enceladus spans only 313 miles across, and its weak gravity cannot fully retain the icy jets that erupt from its vents. The DSMC models account for this. Earlier techniques treated the physics and gas dynamics less rigorously than the DSMC method. What Enceladus does is akin to a volcano hurling lava into space -- except the ejecta are plumes of water vapor and ice.




The simulations track gas behavior at the microscopic level as particles move, collide, and exchange energy, much like marbles striking one another. They simulate several millions of molecules on microsecond time steps. The DSMC approach also enables calculations at lower, more realistic pressures than before, with longer travel times between collisions.

David Goldstein, UT Austin professor and study co-author, led development in 2011 of the DSMC code called Planet. TACC provided Goldstein with allocations on the Lonestar6 and Stampede3 systems through The University of Texas Research cyberinfrastructure portal, which supports researchers at all 14 UT system institutions.

"TACC systems have a wonderful architecture that offer a lot of flexibility," Mahieux said. "If we're using the DSMC code on just a laptop, we could only simulate tiny domains. Thanks to TACC, we can simulate from the surface of Enceladus up to 10 kilometers of altitude, where the plumes expand into space."

Ocean Worlds Beyond the Snow Line

Saturn lies beyond the solar system's "snow line," along with other giant planets that host icy moons, including Jupiter, Uranus, and Neptune.

"There is an ocean of liquid water under these 'big balls of ice,'" Mahieux said. "These are many other worlds, besides the Earth, which have a liquid ocean. The plumes at Enceladus open a window to the underground conditions."

What's Next: Missions and the Search for Life

NASA and the European Space Agency are preparing mission concepts to revisit Enceladus that extend beyond brief flybys. Plans include landing on the surface and drilling through the ice to sample the underlying ocean in a search for signs of life beneath miles of ice. By analyzing the plume material, scientists can assess subsurface conditions without penetrating the crust.

"Supercomputers can give us answers to questions we couldn't dream of asking even 10 or 15 years ago," Mahieux said. "We can now get much closer to simulating what nature is doing."
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Dark energy might be changing and so is the Universe | ScienceDaily

Recent observations have started to challenge this long-held view. Data from the Dark Energy Spectroscopic Instrument (DESI) -- an advanced project that maps the distribution of galaxies across the Universe -- suggests the possibility of a dynamic dark energy (DDE) component. Such a finding would mark a significant shift from the standard LCDM model. While this points to a more intricate and evolving cosmic story, it also exposes a major gap in understanding: how a time-dependent dark energy might shape the formation and growth of cosmic structures remains unclear.

Simulating an Evolving Universe

To explore this mystery, a team led by Associate Professor Tomoaki Ishiyama of Chiba University's Digital Transformation Enhancement Council in Japan carried out one of the most extensive cosmological simulations ever performed. Collaborators included Francisco Prada of the Instituto de Astrofisica de Andalucia in Spain and Anatoly A. Klypin of New Mexico State University in the United States. Their study, published in Physical Review D (Volume 112, Issue 4), investigated how a time-varying dark energy could influence the evolution of the cosmos and help interpret future astronomical observations.

Using Japan's flagship supercomputer, Fugaku, the researchers executed three large, high-resolution N-body simulations, each with a computational volume eight times greater than previous work. One simulation followed the standard Planck-2018 LCDM model, while two others incorporated dynamic dark energy. By comparing the DDE model with fixed parameters to the standard model, they were able to isolate the effects of a changing dark energy component. A third simulation used parameters drawn from DESI's first-year data, revealing how an "updated" cosmological model might behave if dark energy truly varies with time.

How a Small Change Can Reshape the Universe

The results showed that the influence of dark energy variations alone was relatively subtle. However, once the researchers adjusted the cosmological parameters in line with DESI data -- particularly increasing the matter density by about 10% -- the differences became striking. A higher matter density strengthens gravitational attraction, which accelerates the formation of massive clusters of galaxies. In this scenario, the DESI-based DDE model predicted as much as 70% more massive clusters in the early Universe than the standard model. These clusters form the cosmic framework on which galaxies and galaxy groups assemble.




The team also examined baryonic acoustic oscillations (BAOs) -- patterns left behind by sound waves in the early Universe that serve as "cosmic rulers" for measuring distances. In the DESI-derived DDE simulation, the BAO peak shifted by 3.71% toward smaller scales, closely matching DESI's actual observations. This strong agreement confirmed that the model not only reflects theoretical predictions but also aligns well with real-world data.

Mapping Galaxy Clusters and Cosmic Structure

In addition, the researchers analyzed how galaxies cluster throughout the cosmos. The DESI-based DDE model produced noticeably stronger clustering than the standard LCDM version, particularly on smaller scales. The enhanced clustering directly results from the higher matter density, which amplifies gravitational binding. This close match between simulation and observation further supports the validity of the dynamic dark energy model.

Overall, the team's findings clarify how both dark energy and matter density shape the large-scale structure of the Universe. "Our large simulations demonstrate that variations in cosmological parameters, particularly the matter density in the Universe, have a greater influence on structure formation than the DDE component alone," says Dr. Ishiyama.

Preparing for the Next Generation of Cosmic Surveys

With new observational campaigns on the horizon, these simulations will play a crucial role in interpreting upcoming results. "In the near future, large-scale galaxy surveys from the Subaru Prime Focus Spectrograph and DESI are expected to significantly improve measurements of cosmological parameters. This study provides a theoretical basis for interpreting such upcoming data," concludes Dr. Ishiyama.
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Stanford discovers an extraordinary crystal that could transform quantum tech | ScienceDaily
    	Stanford engineers have discovered a standout material, strontium titanate (STO), that performs even better in extreme cold. Instead of weakening, its optical and mechanical properties improve at cryogenic temperatures.
    	STO outperforms every comparable material tested in low-temperature environments, revealing exceptional strength, stability, and tunability.
    	Its unique capabilities could accelerate advances in quantum computing, laser systems, and space exploration, where high performance under freezing conditions is essential.

Superconductivity and quantum computing have moved from theoretical physics into real-world innovation. The 2025 Nobel Prize in Physics recognized breakthroughs in superconducting quantum circuits that could lead to ultra-powerful computers. Yet many of these technologies only function at cryogenic temperatures (near absolute zero), where most materials lose their defining properties. Finding materials that perform under such extreme cold has long been one of science's biggest hurdles.

A Crystal That Defies the Cold

In a new Science publication, engineers at Stanford University report a breakthrough with strontium titanate (STO), a material that not only maintains but enhances its optical and mechanical performance in freezing conditions. Instead of deteriorating, it becomes significantly more capable, outperforming other known materials by a wide margin. The researchers believe this discovery could open the door to a new class of light-based and mechanical cryogenic devices that propel quantum computing, space exploration, and other advanced technologies.

"Strontium titanate has electro-optic effects 40 times stronger than the most-used electro-optic material today. But it also works at cryogenic temperatures, which is beneficial for building quantum transducers and switches that are current bottlenecks in quantum technologies," explained the study's senior author Jelena Vuckovic, professor of electrical engineering at Stanford.

Pushing the Limits of Performance

STO's optical behavior is "non-linear," meaning that when an electric field is applied, its optical and mechanical properties shift dramatically. This electro-optic effect allows scientists to adjust the frequency, intensity, phase, and direction of light in ways that other materials cannot. Such versatility could enable entirely new types of low-temperature devices.




STO is also piezoelectric, meaning it physically expands and contracts in response to electric fields. This makes it ideal for developing new electromechanical components that function efficiently in extreme cold. According to the researchers, these capabilities could be especially valuable for use in the vacuum of space or in the cryogenic fuel systems of rockets.

"At low temperature, not only is strontium titanate the most electrically tunable optical material we know of, but it's also the most piezoelectrically tunable material," said Christopher Anderson, co-first author and now a faculty member at the University of Illinois, Urbana-Champaign.

An Overlooked Material Finds New Purpose

Strontium titanate is not a newly discovered substance. It has been studied for decades and is inexpensive and abundant. "STO is not particularly special. It's not rare. It's not expensive," said co-first author Giovanni Scuri, a postdoctoral scholar in Vuckovic's lab. "In fact, it has often been used as a diamond substitute in jewelry or as a substrate for growing other, more valuable materials. Despite being a 'textbook' material, it performs exceptionally well in a cryogenic context."

The decision to test STO was guided by an understanding of what characteristics make materials highly tunable. "We knew what ingredients we needed to make a highly tunable material. We found those ingredients already existed in nature, and we simply used them in a new recipe. STO was the obvious choice," Anderson said. "When we tried it, surprisingly, it matched our expectations perfectly."

Scuri added that the framework they developed could help identify or enhance other nonlinear materials for a variety of operating conditions.




Record-Breaking Performance at Near Absolute Zero

When tested at 5 Kelvin (-450degF), STO's performance stunned researchers. Its nonlinear optical response was 20 times greater than that of lithium niobate, the leading nonlinear optical material, and nearly triple that of barium titanate, the previous cryogenic benchmark.

To push its properties even further, the team replaced certain oxygen atoms in the crystal with heavier isotopes. This adjustment moved STO closer to a state called quantum criticality, producing even greater tunability.

"By adding just two neutrons to exactly 33 percent of the oxygen atoms in the material, the resulting tunability increased by a factor of four," Anderson said. "We precisely tuned our recipe to get the best possible performance."

Building the Future of Cryogenic Devices

According to the team, STO also offers practical advantages that could make it appealing to engineers. It can be synthesized, structurally modified, and fabricated at wafer scale using existing semiconductor equipment. These features make it well-suited for next-generation quantum devices, such as laser-based switches used to control and transmit quantum information.

The research was partially funded by Samsung Electronics and Google's quantum computing division, both of which are searching for materials to advance their quantum hardware. The team's next goal is to design fully functional cryogenic devices based on STO's unique properties.

"We found this material on the shelf. We used it and it was amazing. We understood why it was good. Then the cherry on the top -- we knew how to do better, added that special sauce, and we made the world's best material for these applications," Anderson said. "It's a great story."

Alongside Samsung and Google, the study received support from a Vannevar Bush Faculty Fellowship through the U.S. Department of Defense and the Department of Energy's Q-NEXT program.

Contributors include Aaron Chan and Lu Li from the University of Michigan; Sungjun Eun, Alexander D. White, Geun Ho Ahn, Amir Safavi-Naeini, and Kasper Van Gasse from Stanford's E. L. Ginzton Laboratory; and Christine Jilly from the Stanford Nano Shared Facilities.
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"Really bizarre" quantum discovery defies the rules of physics | ScienceDaily
Lu Li, a physicist who studies advanced materials, knows that people often want to hear how his research could lead to new technologies or practical breakthroughs. But sometimes, what he uncovers is so unusual that its value lies purely in revealing how strange the universe can be.


						
Working with an international team of scientists, Li has made one of those discoveries, recently described in Physical Review Letters.

"I would love to claim that there's a great application, but my work keeps pushing that dream further away," said Li, a professor of physics at the University of Michigan. "But what we've found is still really bizarre and exciting."

Quantum Oscillations: When Electrons Act Like Springs

Supported by the U.S. National Science Foundation and the U.S. Department of Energy, the research focuses on a puzzling effect called quantum oscillations. In metals, these oscillations occur when electrons behave like tiny springs, vibrating in response to magnetic fields. By changing the magnetic field's strength, scientists can alter how quickly these "electron springs" move.

In recent years, however, researchers have discovered the same quantum oscillations in insulators -- materials that should not conduct electricity or heat. That revelation has left scientists debating whether the effect originates only on the surface of these materials or deep within their interior (known as the bulk).

Searching for Answers Inside the Material

If the oscillations came from the surface, that would be particularly exciting for potential technologies. Materials called topological insulators, which conduct electricity on their surfaces while remaining insulating inside, are already being studied for new kinds of electronic, optical, and quantum devices.




To explore the mystery, Li and his collaborators turned to the National Magnetic Field Laboratory, home to the most powerful magnets in the world. Their experiments revealed that the oscillations were not just a surface effect. Instead, they came from the bulk of the material itself.

"I wish I knew what to do with that, but at this stage we have no idea," Li admitted. "What we have right now is experimental evidence of a remarkable phenomenon, we've recorded it and, hopefully, at some point, we'll realize how to use it."

A Global Collaboration and a Clear Result

The study involved more than a dozen scientists from six institutions in the United States and Japan, including research fellow Kuan-Wen Chen and graduate students Yuan Zhu, Guoxin Zheng, Dechen Zhang, Aaron Chan, and Kaila Jenkins from the University of Michigan.

"For years, scientists have pursued the answer to a fundamental question about the carrier origin in this exotic insulator: Is it from the bulk or the surface, intrinsic or extrinsic?" said Chen. "We are excited to provide clear evidence that it is bulk and intrinsic."

A "New Duality" in Physics

Li describes the finding as part of what he calls a "new duality." The original, or "old," duality in physics emerged more than a century ago when scientists realized that light and matter can act as both waves and particles. That discovery transformed physics and led to technologies such as solar cells and electron microscopes.




The new duality, Li says, involves materials that can behave as both conductors and insulators. His team explored this idea using a compound called ytterbium boride (YbB12) inside a magnetic field so powerful that it reached 35 Tesla -- about 35 times stronger than the field inside a hospital MRI machine.

"Effectively, we're showing that this naive picture where we envisioned a surface with good conduction that's feasible to use in electronics is completely wrong," Li explained. "It's the whole compound that behaves like a metal even though it's an insulator."

Unlocking the Mystery of a "Crazy Metal"

Although this "metal-like" behavior only appears under extreme magnetic conditions, the finding raises new questions about how materials behave at the quantum level.

"Confirming that the oscillations are bulk and intrinsic is exciting," said Zhu. "We don't yet know what kind of neutral particles are responsible for the observation. We hope our findings motivate further experiments and theoretical work."

The project received additional support from the Institute for Complex Adaptive Matter, the Gordon and Betty Moore Foundation, the Japan Society for the Promotion of Science, and the Japan Science and Technology Agency.
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Tiny laser could transform medicine and quantum science | ScienceDaily
Lasers that produce ultrashort light pulses deliver exceptional precision for manufacturing, medicine, and scientific studies. The catch is that high-efficiency short-pulse systems usually take up significant space and come with high costs. A team at the University of Stuttgart, working with Stuttgart Instruments GmbH, has introduced a compact alternative. Their device is more than twice as efficient as many existing setups, small enough to rest in a hand, and designed for broad use. The approach is reported in Nature.


						
"With our new system, we can achieve levels of efficiency that were previously almost unattainable," says Prof. Harald Giessen, Head of the 4th Physics Institute at the University of Stuttgart. In tests, the team showed that short-pulse lasers can fundamentally reach 80% efficiency. In practical terms, 80% of the input power becomes usable output. "For comparison: current technologies achieve only about 35% -- which means they lose much of their efficiency and are correspondingly expensive," explains Giessen.

A lot of energy in an extremely short time

Short-pulse lasers emit bursts that last for only nano-, pico-, or femtoseconds (i.e., a few billionths to quadrillionths of a second). Because the pulses are so brief, a large amount of energy can be delivered to a tiny spot almost instantly. The setup combines a pump laser with the short-pulse laser. The pump laser delivers light energy to a special crystal. This crystal drives the process by transferring energy from the pump beam to the ultrashort signal pulse. In doing so, the incoming light particles are converted to infrared light. Infrared enables experiments, measurements, or production steps that visible light cannot achieve. In industry, short-pulse lasers are used in production -- for example, for precise and gentle material processing. They are also employed in medical imaging and in quantum research for exceptionally exact measurements at the molecular scale.

"Designing short-pulse lasers efficiently remains an unsolved challenge," explains Dr. Tobias Steinle, lead author of the study. "In order to generate short pulses, we need to amplify the incoming light beam and cover a wide range of wavelengths." Until now, it has not been possible to combine both properties simultaneously in a small and compact optical system." Wide-bandwidth laser amplifiers typically need crystals that are very short and thin. High-efficiency amplifiers, in contrast, favor much longer crystals. One workaround is to connect several short crystals in series, an approach already explored in research. Whatever the choice, the timing between the pump and signal pulses must stay synchronized.

New multipass concept

The team addresses this trade-off with a multipass strategy. Rather than relying on one long crystal or stacking many short ones, they run the light repeatedly through a single short crystal inside an optical parametric amplifier. After each pass, the separated pulses are carefully realigned to maintain synchronization. The result is a system that produces pulses shorter than 50 femtoseconds, takes up only a few square centimeters, and uses just five components.

"Our multipass system demonstrates that extremely high efficiencies need not to come at the expense of bandwidth," explains Steinle. "It can replace large and expensive laser systems with high power losses, which were previously required to amplify ultrashort pulses." The design can also be tuned for wavelengths beyond the infrared and adapted to different crystals and pulse durations. Building on this concept, the researchers aim to create small, lightweight, compact, portable, and tunable lasers that can set wavelengths with precision. Likely use cases include medicine, analytical techniques, gas sensing, and environmental monitoring.

Financial support came from the Federal Ministry of Research, Technology and Space (BMFTR) through the KMU-Innovativ program, the Federal Ministry for Economic Affairs and Energy (BMWE), the Baden-Wuerttemberg Ministry of Science, Research and the Arts, the German Research Foundation (DFG), the Carl Zeiss Foundation, the Baden-Wuerttemberg Foundation, the Center for Integrated Quantum Science and Technology (IQST), and the Innovation Campus Mobility of the Future (ICM). The work was carried out by the 4th Physics Institute of the University of Stuttgart in collaboration with Stuttgart Instruments GmbH under the MIRESWEEP project (a novel, cost-effective tunable mid-infrared laser source for analytical applications).
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Einstein might have been wrong about black holes | ScienceDaily
Black holes are often described as cosmic gluttons, consuming everything that drifts too close -- including light itself. This is what makes the images of the supermassive black holes at the centers of the galaxy M87 and our own Milky Way so remarkable. Captured by the Event Horizon Telescope (EHT) collaboration a few years ago, these observations marked a major milestone in astronomy.


						
"What you see on these images is not the black hole itself, but rather the hot matter in its immediate vicinity," explains Prof. Luciano Rezzolla of Goethe University Frankfurt, whose team played a crucial role in the discovery. "As long as the matter is still rotating outside the event horizon -- before being inevitably pulled in -- it can emit final signals of light that we can, in principle, detect."

Einstein's Theory and the Mystery of Black Holes

These striking images reveal what scientists call the "shadow" of a black hole, offering a new way to probe the physics behind these mysterious cosmic giants. For over a century, Einstein's general theory of relativity has been the foundation of our understanding of space and time. It predicts the existence of black holes and the event horizon, a boundary beyond which nothing -- not even light -- can escape.

"There are, however, also other, still hypothetical theories that likewise predict the existence of black holes," Rezzolla notes. "Some of these approaches require the presence of matter with very specific properties or even the violation of the physical laws we currently know."

Testing Einstein's Ideas With Black Hole Shadows

In collaboration with colleagues from the Tsung-Dao Lee Institute in Shanghai (China), Rezzolla and his team proposed a new way to test these alternative theories. Their work, published in Nature Astronomy, outlines how future black hole observations could help confirm or challenge Einstein's model of gravity. Until now, there has not been enough data to verify or reject competing ideas, but that may soon change through detailed analysis of black hole shadow images.




"This requires two things," Rezzolla explains. "On the one hand, high-resolution shadow images of black holes to determine their radius as accurately as possible, and on the other hand, a theoretical description of how strongly the various approaches deviate from Einstein's theory of relativity."

Simulations Reveal How Theories Diverge

To tackle this, the team produced a thorough framework describing how different theoretical types of black holes would vary from Einstein's predictions and how those differences would appear in images. They used advanced three-dimensional computer simulations to reproduce the motion of matter and magnetic fields in the warped spacetime surrounding black holes. From these simulations, they created synthetic images of the glowing plasma that circles these immense objects.

"The central question was: How significantly do images of black holes differ across various theories?" says lead author Akhil Uniyal of the Tsung-Dao Lee Institute. The researchers identified clear patterns that, with sharper images in the future, could help scientists determine which theory best matches reality. Although today's EHT resolution cannot yet detect these fine distinctions, improvements in technology will gradually make such comparisons possible. To prepare for this, the physicists developed a universal description of black holes that can encompass many different theoretical frameworks.

Einstein's Theory Still Holding Strong -- for Now

"One of the EHT collaboration's most important contributions to astrophysics is turning black holes into testable objects," Rezzolla emphasizes. "Our expectation is that relativity theory will continue to prove itself, just as it has time and again up to now." So far, the findings remain consistent with Einstein's theory, although uncertainties in measurement mean that only a few exotic ideas have been ruled out. For example, the black holes in M87 and the Milky Way are almost certainly not "naked singularities" (without an event horizon) or wormholes. Still, Rezzolla notes, "Even the established theory must be continuously tested, especially with extreme objects like black holes." If Einstein's model were ever shown to fail, it would mark a revolutionary moment in physics.

A New Era of Cosmic Observation

The EHT provides an unprecedented opportunity for these investigations. By combining data from multiple large radio telescopes across the world, it effectively creates a telescope as large as Earth, capable of capturing fine details around black holes. Plans are already underway to add more observatories to the network and, eventually, to include a radio telescope in space, which would greatly boost its resolution.

Such advancements could make it possible to perform truly definitive tests of competing black hole theories. According to the new study, this would require achieving an angular resolution of less than one millionth of an arcsecond -- roughly equivalent to spotting a coin on the surface of the Moon from Earth. While that level of precision is not yet possible, scientists expect it to be within reach in the coming years, potentially unlocking a new chapter in our understanding of gravity and the universe itself.
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MIT quantum breakthrough edges toward room-temp superconductors | ScienceDaily
Superconductors work like express trains for electricity. Once electric current enters one, it can travel through without resistance or energy loss. Because of this remarkable efficiency, superconductors are already key to technologies such as MRI scanners and particle accelerators.


						
However, these "conventional" superconductors only operate at extremely cold temperatures. They must be kept in specialized cooling systems to remain in their superconducting state. If materials could superconduct at warmer, more practical temperatures, they could transform modern technology -- from creating energy grids that waste no power to enabling more functional quantum computers. To reach that goal, researchers at MIT and other institutions are exploring "unconventional" superconductors, materials that defy the rules of traditional ones and may lead to the next big breakthrough.

MIT's Magic-Angle Graphene Discovery

In a major step forward, MIT physicists have observed clear evidence of unconventional superconductivity in "magic-angle" twisted tri-layer graphene (MATTG). This unique material is created by stacking three atom-thin sheets of graphene at a very specific angle. That tiny twist dramatically alters the material's properties, giving rise to strange and promising quantum effects.

While earlier studies hinted that MATTG might host unconventional superconductivity, the new findings, published in Science, offer the most direct confirmation to date.

A New Look at the Superconducting Gap

The MIT team successfully measured MATTG's superconducting gap, which indicates how strong a material's superconducting state is at different temperatures. They found that the gap in MATTG looked completely different from what is seen in conventional superconductors. This difference suggests that the way MATTG becomes superconducting relies on a distinct, unconventional mechanism.




"There are many different mechanisms that can lead to superconductivity in materials," explains co-lead author Shuwen Sun, a graduate student in MIT's Department of Physics. "The superconducting gap gives us a clue to what kind of mechanism can lead to things like room-temperature superconductors that will eventually benefit human society."

The team made this discovery with a new experimental system that lets them directly observe how the superconducting gap forms in two-dimensional materials. They plan to use the technique to study MATTG and other 2D materials in more detail, hoping to identify new candidates for advanced technologies.

"Understanding one unconventional superconductor very well may trigger our understanding of the rest," says Pablo Jarillo-Herrero, the Cecil and Ida Green Professor of Physics at MIT and senior author of the study. "This understanding may guide the design of superconductors that work at room temperature, for example, which is sort of the Holy Grail of the entire field."

The Origins of Twistronics

Graphene is made of a single layer of carbon atoms arranged in a hexagonal pattern that looks like chicken wire. Scientists can peel off a sheet of graphene from graphite (the same material in pencil lead) to study its properties. In the 2010s, researchers predicted that stacking two layers of graphene at a very precise angle could create new electronic behaviors.

In 2018, Jarillo-Herrero's group became the first to experimentally produce this so-called "magic-angle" graphene and reveal its extraordinary properties. That work launched a new field of research known as "twistronics," which studies the surprising effects that emerge when ultra-thin materials are stacked and twisted at exact orientations. Since then, the team and others have explored a variety of graphene structures with multiple layers, revealing further signs of unconventional superconductivity.




How Electrons Cooperate

Superconductivity occurs when electrons form pairs rather than scattering apart as they move through a material. These paired electrons, known as "Cooper pairs," can travel without resistance, creating a perfect flow of current.

"In conventional superconductors, the electrons in these pairs are very far away from each other, and weakly bound," says co-lead author Jeong Min Park PhD '24. "But in magic-angle graphene, we could already see signatures that these pairs are very tightly bound, almost like a molecule. There were hints that there is something very different about this material."

Probing the Quantum World Through Tunneling

To prove that MATTG truly exhibits unconventional superconductivity, the MIT researchers needed to measure its superconducting gap directly. As Park explains, "When a material becomes superconducting, electrons move together as pairs rather than individually, and there's an energy 'gap' that reflects how they're bound. The shape and symmetry of that gap tells us the underlying nature of the superconductivity."

To do this, scientists used a quantum-scale technique known as tunneling spectroscopy. At this level, electrons act both as particles and as waves, which allows them to "tunnel" through barriers that would normally stop them. By studying how easily electrons can tunnel through a material, researchers can learn how strongly they are bound inside it. However, tunneling results alone don't always prove that a material is superconducting, making direct measurements both crucial and challenging.

A Closer Look at the Superconducting Gap

Park's team developed a new platform that combines tunneling spectroscopy with electrical transport measurements, which involve tracking how current moves through the material while monitoring its resistance (zero resistance means it's superconducting).

Using this method on MATTG, the researchers could clearly pinpoint the superconducting tunneling gap -- it appeared only when the material reached zero resistance, the defining mark of superconductivity. As they changed the temperature and magnetic field, the gap displayed a sharp V-shaped curve, very different from the smooth, flat pattern typical of conventional superconductors.

This unusual V shape points to a new mechanism behind MATTG's superconductivity. Although the exact process is still unknown, it's now clear that this material behaves unlike any conventional superconductor discovered before.

A Different Kind of Electron Pairing

In most superconductors, electrons pair up due to vibrations in the surrounding atomic lattice, which gently push them together. Park believes MATTG operates differently.

"In this magic-angle graphene system, there are theories explaining that the pairing likely arises from strong electronic interactions rather than lattice vibrations," she says. "That means electrons themselves help each other pair up, forming a superconducting state with special symmetry."

The Path Ahead: Next-Generation Quantum Materials

The MIT team plans to apply their new experimental setup to study other twisted and layered materials.

"This allows us to both identify and study the underlying electronic structures of superconductivity and other quantum phases as they happen, within the same sample," Park explains. "This direct view can reveal how electrons pair and compete with other states, paving the way to design and control new superconductors and quantum materials that could one day power more efficient technologies or quantum computers."

This research received support from the U.S. Army Research Office, the U.S. Air Force Office of Scientific Research, the MIT/MTL Samsung Semiconductor Research Fund, the Sagol WIS-MIT Bridge Program, the National Science Foundation, the Gordon and Betty Moore Foundation, and the Ramon Areces Foundation.
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Black hole blast outshines 10 trillion Suns | ScienceDaily
The Universe's most massive stars typically end their lives in spectacular explosions known as supernovae before collapsing into black holes. But one enormous star seems to have met a very different fate. Instead of exploding, it strayed too close to an immense black hole, which tore it apart and consumed it piece by piece.


						
That scenario best explains the findings of a new Nature Astronomy study describing the most powerful and most distant flare of energy ever seen from a supermassive black hole. The object was first detected in 2018 by the Zwicky Transient Facility (ZTF), a sky survey funded by the US National Science Foundation (NSF) and operated at Caltech's Palomar Observatory. It was also tracked by the Catalina Real-Time Transient Survey, another NSF-funded Caltech project. The flare brightened dramatically -- by a factor of 40 within months -- and at its peak was 30 times more luminous than any black hole flare observed before. At maximum intensity, it shone with the light of 10 trillion suns.

A Glimpse into the Early Universe

The black hole responsible is an active galactic nucleus (AGN), a type of black hole that actively feeds on surrounding matter. Known as J2245+3743, this AGN is estimated to have a mass 500 million times greater than the Sun and lies roughly 10 billion light-years from Earth. Because light takes time to travel across such vast distances, astronomers are seeing this event as it occurred when the universe was still young.

"The energetics show this object is very far away and very bright," says study lead author Matthew Graham, research professor of astronomy at Caltech and project scientist for ZTF. "This is unlike any AGN we've ever seen."

Although the flare is gradually fading, astronomers continue to observe it. Time itself passes differently at such distances -- a phenomenon known as cosmological time dilation. As Graham explains, "As the light travels across expanding space to reach us, its wavelength stretches as does time itself." Because of this, long-term sky surveys such as ZTF and Catalina are crucial. "Seven years here is two years there. We are watching the event play back at quarter speed," he adds.

The Star That Was Torn Apart

To uncover what could have caused this extraordinary outburst, the researchers tested various possibilities and determined the most likely cause to be a tidal disruption event (TDE). A TDE happens when a star ventures too close to a supermassive black hole and is torn apart by its immense gravity. The star's material is gradually drawn in and consumed. Since the flare from J2245+3743 is still visible, astronomers believe the black hole is in mid-meal, "like a fish only halfway down the whale's gullet," Graham says.




If this explanation is correct, the doomed star was at least 30 times as massive as the Sun. The previous record-holder for the largest known TDE -- an event nicknamed Scary Barbie -- was about 30 times weaker and involved a star only three to ten times the Sun's mass.

A Rare Event Inside a Feeding Black Hole Disk

Most of the roughly 100 known TDEs have not occurred within AGN systems, which are already surrounded by dense, swirling disks of material feeding the central black hole. These bright environments usually hide other events, making TDEs difficult to detect. However, the sheer brightness of J2245+3743 made it stand out clearly.

Initially, astronomers saw nothing unusual. When the object was first identified in 2018, spectra obtained with the 200-inch Hale Telescope at Palomar Observatory showed no special features. But by 2023, the flare was fading more slowly than expected. A follow-up spectrum from the W. M. Keck Observatory in Hawai'i revealed the AGN's extreme luminosity.

Confirming the Brightest Flare Ever Recorded

"At first, it was important to establish that this extreme object was truly this bright," says co-author K. E. Saavik Ford of the City University of New York (CUNY) Graduate Center, Borough of Manhattan Community College, and the American Museum of Natural History (AMNH). Ford explains that one alternative was that the flare's light was being beamed directly toward Earth, but data from NASA's former Wide-field Infrared Survey Explorer (WISE) mission ruled that out. With other possibilities eliminated, the team concluded that J2245+3743 represents the brightest black hole flare ever observed.




"If you convert our entire Sun to energy, using Albert Einstein's famous formula E = mc2, that's how much energy has been pouring out from this flare since we began observing it," Ford notes.

A Star's Destruction Unmatched by Supernovae

After verifying the flare's record-breaking intensity, the researchers explored its origin. "Supernovae are not bright enough to account for this," Ford says. The most consistent explanation is a supermassive black hole slowly tearing apart a colossal star.

"Stars this massive are rare," Ford continues, "but we think stars within the disk of an AGN can grow larger. The matter from the disk is dumped onto stars, causing them to grow in mass."

Searching for More Cosmic Giants

Discovering a black hole devouring such a massive star suggests that similar events might be happening elsewhere in the universe. The research team plans to search through more ZTF data to locate other examples, and future observatories such as the NSF and Department of Energy's Vera C. Rubin Observatory may also uncover additional large TDEs.

"We never would have found this rare event in the first place if it weren't for ZTF," Graham says. "We've been observing the sky with ZTF for seven years now, so when we see anything flare or change, we can see what it has done in the past and how it will evolve."

The Team Behind the Discovery

The study, titled "An Extremely Luminous Flare Recorded from a Supermassive Black Hole," was supported by the NSF, the Simons Foundation, NASA, and the German Research Foundation. Co-authors include Caltech researchers Andrew Drake, Yuanze Ding (MS '25), Mansi Kasliwal (PhD '11), Sam Rose, Jean Somalwar (now a postdoc at UC Berkeley), George Djorgovski, Shri Kulkarni, and Ashish Mahabal; Tracy Chen and Steven Groom of Caltech's IPAC astronomy center; and Daniel Stern of NASA's Jet Propulsion Laboratory (managed by Caltech). Additional contributors include Barry McKernan (CUNY Graduate Center, Borough of Manhattan Community College, and AMNH); Matteo Cantiello (Flatiron Institute and Princeton University); Mike Koss (Eureka Scientific); Raffaella Margutti (UC Berkeley); Phil Wiseman (University of Southampton, UK); Patrik Veres (Ruhr University, Germany); and Eric Bellm (University of Washington).

Caltech's ZTF is funded by the NSF and international partners, with additional support from the Heising-Simons Foundation and Caltech. Data are processed and archived by Caltech's IPAC, and NASA funds ZTF's search for near-Earth objects through its Near-Earth Object Observations program.
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CERN creates cosmic "fireballs" that could reveal the Universe's hidden magnetism | ScienceDaily
An international group of researchers led by the University of Oxford has achieved a world-first by generating plasma "fireballs" with the Super Proton Synchrotron accelerator at CERN in Geneva. Their goal was to investigate how plasma jets from distant blazars remain stable as they travel through space.


						
The team's results, published on November 3 in PNAS, could help solve a major mystery about the Universe's missing gamma rays and its vast, invisible magnetic fields.

Blazars and the Puzzle of Missing Gamma Rays

Blazars are a type of active galaxy powered by supermassive black holes that shoot out powerful, narrow jets of particles and radiation at nearly the speed of light. These beams release extremely energetic gamma rays that can reach several teraelectronvolts (1 TeV = 1012 eV), which are detected by ground-based observatories.

As these TeV gamma rays travel across intergalactic space, they interact with faint background light from stars, producing cascades of electron-positron pairs. These pairs should then collide with the cosmic microwave background, creating lower-energy gamma rays (around 109 eV, or GeV). However, gamma-ray space telescopes such as NASA's Fermi satellite have not observed this expected signal. The cause of this discrepancy has long been unknown.

Scientists have proposed two possible explanations. One theory suggests that weak magnetic fields between galaxies deflect the electron-positron pairs, redirecting the resulting gamma rays away from Earth. Another, rooted in plasma physics, proposes that the pairs themselves become unstable while passing through the thin gas that fills intergalactic space. In this scenario, small disturbances in the plasma generate magnetic fields and turbulence that drain energy from the beam.

Recreating Cosmic Conditions in the Laboratory

To test these ideas, the research team -- combining expertise from Oxford and the Science and Technology Facilities Council's (STFC) Central Laser Facility (CLF) -- used CERN's HiRadMat (High-Radiation to Materials) setup. They produced beams of electron-positron pairs using the Super Proton Synchrotron and sent them through a one-meter-long plasma. This experiment served as a small-scale simulation of how a blazar's pair cascade moves through intergalactic matter.




By measuring the beam's shape and the magnetic fields it generated, the researchers were able to determine whether plasma instabilities could be strong enough to disrupt the beam's flow.

Surprising Results Point to Ancient Magnetic Fields

The findings were unexpected. Instead of breaking apart, the pair beam stayed tightly focused and nearly parallel, showing very little disturbance or magnetic activity. When applied to cosmic scales, this suggests that plasma instabilities alone are too weak to account for the missing gamma rays.

The outcome supports the alternative explanation -- that the intergalactic medium contains a magnetic field left over from the early Universe.

Lead researcher Professor Gianluca Gregori (Department of Physics, University of Oxford) said: "Our study demonstrates how laboratory experiments can help bridge the gap between theory and observation, enhancing our understanding of astrophysical objects from satellite and ground-based telescopes. It also highlights the importance of collaboration between experimental facilities around the world, especially in breaking new ground in accessing increasingly extreme physical regimes."

The Early Universe and the Origin of Magnetism

The results raise new questions about how such a magnetic field could have formed. The early Universe is thought to have been highly uniform, so the existence of magnetic fields from that era is difficult to explain. The researchers suggest that the answer may involve physics beyond the Standard Model. Future observatories such as the Cherenkov Telescope Array Observatory (CTAO) are expected to provide sharper data to explore these theories.




Co-investigator Professor Bob Bingham (STFC Central Laser Facility and the University of Strathclyde) said: "These experiments demonstrate how laboratory astrophysics can test theories of the high-energy Universe. By reproducing relativistic plasma conditions in the lab, we can measure processes that shape the evolution of cosmic jets and better understand the origin of magnetic fields in intergalactic space."

Co-investigator Professor Subir Sarkar (Department of Physics, University of Oxford) added: "It was a lot of fun to be part of an innovative experiment like this that adds a novel dimension to the frontier research being done at CERN -- hopefully our striking result will arouse interest in the plasma (astro)physics community to the possibilities for probing fundamental cosmic questions in a terrestrial high energy physics laboratory."

The project brought together scientists from the University of Oxford, STFC's Central Laser Facility (RAL), CERN, the University of Rochester's Laboratory for Laser Energetics, AWE Aldermaston, Lawrence Livermore National Laboratory, the Max Planck Institute for Nuclear Physics, the University of Iceland, and Instituto Superior Tecnico in Lisbon.
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        Nectar wars between bumble bees and invasive ants drain the hive
        Bumble bees battling invasive Argentine ants may win individual fights but ultimately lose valuable foraging time, putting pressure on colonies already strained by habitat loss, disease, and pesticides. New research shows bees often avoid ant-occupied feeders, and while their size helps them win one-on-one clashes, these encounters trigger prolonged aggression that keeps them from collecting food.

      

      
        A fierce crocodile ancestor that hunted before dinosaurs has been found
        Scientists have identified a new crocodile precursor that looked deceptively dinosaur-like and hunted with speed and precision. Named Tainrakuasuchus bellator, the armored "warrior" lived 240 million years ago and occupied a powerful niche in the Triassic food chain. Its fossils reveal deep evolutionary links between South America and Africa. The find sheds light on a vibrant ecosystem that existed just before dinosaurs emerged.

      

      
        A 400-million-year-old plant creates water so weird it looks alien
        Researchers discovered that living horsetails act like natural distillation towers, producing bizarre oxygen isotope signatures more extreme than anything previously recorded on Earth--sometimes resembling meteorite water. By tracing these isotopic shifts from the plant base to its tip, scientists unlocked a new way to decode ancient humidity and climate, using both modern plants and fossilized phytoliths that preserve isotopic clues for millions of years.

      

      
        New Neanderthal footprints in Portugal reveal a life we never expected
        Footprints preserved on ancient dunes show Neanderthals actively navigating, hunting, and living along Portugal's coastline. Their behavior and diet suggest a far more adaptable and socially complex population than once assumed.

      

      
        Space dust reveals how fast the Arctic is changing
        Arctic sea ice is disappearing fast, and scientists have turned to an unexpected cosmic clue--space dust--to uncover how ice has changed over tens of thousands of years. By tracking helium-3-bearing dust trapped (or blocked) by ancient ice, researchers built a remarkably detailed history of Arctic coverage stretching back 30,000 years. Their findings reveal powerful links between sea ice, nutrient availability, and the Arctic food web, offering hints about how future warming may reshape everything ...

      

      
        A 540-million-year-old fossil is rewriting evolution
        Over 500 million years ago, the Cambrian Period sparked an explosion of skeletal creativity. Salterella, a peculiar fossil, defied conventions by combining two different mineral-building methods. After decades of confusion, scientists have linked it to the cnidarian family. The find deepens our understanding of how animals first learned to build their own skeletons.

      

      
        Earth is slowly peeling its continents from below, fueling ocean volcanoes
        Researchers discovered that continents don't just split at the surface--they also peel from below, feeding volcanic activity in the oceans. Simulations reveal that slow mantle waves strip continental roots and push them deep into the oceanic mantle. Data from the Indian Ocean confirms this hidden recycling process, which can last tens of millions of years.

      

      
        Scientists shocked as bumblebees learn to read simple "Morse code"
        In a first-of-its-kind study, scientists found that bumblebees can tell the difference between short and long light flashes, much like recognizing Morse code. The insects learned which signal led to a sweet reward, demonstrating an unexpected sense of timing. This ability may stem from a fundamental neural process, suggesting that even tiny brains have complex time-tracking mechanisms relevant to evolution and AI.

      

      
        Brain-like learning found in bacterial nanopores
        Scientists at EPFL have unraveled the mystery behind why biological nanopores, tiny molecular holes used in both nature and biotechnology, sometimes behave unpredictably. By experimenting with engineered versions of the bacterial pore aerolysin, they discovered that two key effects, rectification and gating, stem from the pore's internal electrical charges and their interaction with passing ions. The team even built nanopores that imitate brain-like "learning," hinting at future applications in b...

      

      
        AI revives lost 3,000-year-old Babylonian hymn
        Researchers have rediscovered a long-lost Babylonian hymn from 1000 BCE, using artificial intelligence to piece together fragments scattered across the world. The hymn glorifies ancient Babylon's beauty, prosperity, and inclusivity, even describing women's priestly roles -- a rarity in surviving texts. Once a school favorite, it now provides a rare glimpse into everyday life and beliefs of the city that once ruled the world.

      

      
        Scientists uncover a hidden universal law limiting life's growth
        Japanese researchers uncovered a universal rule describing why life's growth slows despite abundant nutrients. Their "global constraint principle" integrates classic biological laws to show that multiple factors limit cellular growth in sequence. Verified through E. coli simulations, it provides a powerful new lens for studying living systems. The work could boost crop yields and biomanufacturing efficiency.

      

      
        Archaeologists may have finally solved Peru's strange "Band of Holes" mystery
        In Peru's mysterious Pisco Valley, thousands of perfectly aligned holes known as Monte Sierpe have long puzzled scientists. New drone mapping and microbotanical analysis reveal that these holes may once have served as a bustling pre-Inca barter market--later transformed into an accounting system under the Inca Empire.

      

      
        Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life
        NASA's Cassini mission has revealed surprising heat flow at Enceladus' north pole, showing the moon releases energy from both ends. This balance of heat could allow its subsurface ocean to remain liquid for billions of years, supporting conditions for life. The study also refined estimates of ice thickness, giving scientists a clearer picture of where to search next.

      

      
        Meet the desert survivor that grows faster the hotter it gets
        In Death Valley's relentless heat, Tidestromia oblongifolia doesn't just survive--it thrives. Michigan State University scientists discovered that the plant can quickly adjust its photosynthetic machinery to endure extreme temperatures that would halt most species. Its cells reorganize, its genes switch on protective functions, and it even reshapes its chloroplasts to keep producing energy. The findings could guide the creation of crops capable of withstanding future heat waves.

      

      
        9,000-year-old ice melt shows how fast Antarctica can fall apart
        Around 9,000 years ago, East Antarctica went through a dramatic meltdown that was anything but isolated. Scientists have discovered that warm deep ocean water surged beneath the region's floating ice shelves, causing them to collapse and unleashing a domino effect of ice loss across the continent. This process created a "cascading positive feedback," where melting in one area sped up melting elsewhere through interconnected ocean currents.

      

      
        Life found in a place scientists thought impossible
        Deep beneath the ocean, scientists uncovered thriving microbial life in one of Earth's harshest environments--an area with a pH of 12, where survival seems nearly impossible. Using lipid biomarkers instead of DNA, researchers revealed how these microbes persist by metabolizing methane and sulfate. The discovery not only sheds light on deep-sea carbon cycling but also suggests that life may have originated in similar extreme conditions, offering a glimpse into both Earth's past and the limits of li...

      

      
        Microbes that breathe rust could help save Earth's oceans
        Researchers from the University of Vienna discovered MISO bacteria that use iron minerals to oxidize toxic sulfide, creating energy and producing sulfate. This biological process reshapes how scientists understand global sulfur and iron cycles. By outpacing chemical reactions, these microbes could help stop the spread of oceanic dead zones and maintain ecological balance.

      

      
        New bacterial therapy destroys cancer without the immune system
        A Japanese-led research team has developed AUN, a groundbreaking immune-independent bacterial cancer therapy that uses two harmonized bacteria to destroy tumors even in patients with weakened immune systems. By leveraging the natural synergy between Proteus mirabilis and Rhodopseudomonas palustris, AUN selectively targets cancer cells, reshapes itself within tumors, and avoids harmful side effects like cytokine release syndrome.

      

      
        AI unravels the hidden communication of gut microbes
        Scientists have turned to advanced AI to decode the intricate ecosystem of gut bacteria and their chemical signals. Using a Bayesian neural network called VBayesMM, researchers can now identify genuine biological links rather than random correlations. The system has already outperformed traditional models in studies of obesity, sleep disorders, and cancer.

      

      
        DNA in seawater reveals lost hammerhead sharks
        A revolutionary eDNA test detects endangered hammerhead sharks using genetic traces left in seawater, eliminating the need to capture or even see them. This powerful tool could finally uncover where these elusive species still survive, and help protect them before they disappear for good.

      

      
        Laser satellites expose a secret Antarctic carbon burst
        A new study shows that the Southern Ocean releases far more carbon dioxide in winter than once thought. By combining laser satellite data with AI analysis, scientists managed to "see" through the polar darkness for the first time. The results reveal a 40% undercount in winter emissions, changing how researchers view the ocean's carbon balance and its impact on climate models.

      

      
        Deep-sea mining starves life in the ocean's twilight zone
        Scientists have discovered that deep-sea mining plumes can strip vital nutrition from the ocean's twilight zone, replacing natural food with nutrient-poor sediment. The resulting "junk food" effect could starve life across entire marine ecosystems.
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Nectar wars between bumble bees and invasive ants drain the hive | ScienceDaily
When bumble bees come up against invasive Argentine ants at feeding sites, they may win a direct confrontation but still return to the colony with less food. These encounters can leave bees with fewer resources even when they appear to come out ahead in a fight.


						
Bumble bees already deal with significant challenges from pesticide exposure, shrinking natural habitat, and widespread diseases. Former University of California, Riverside entomology graduate student Michelle Miner questioned whether the added pressure from aggressive ants could be making things worse for these essential pollinators.

"With how important bumble bees are as pollinators, it made sense to try and understand more about what's going on in these tiny nectar wars, because they could have a big impact," Miner said.

Studying Ant and Bee Interactions

Miner's findings, published in the Journal of Insect Science, involved an extensive review of more than 4,300 individual behaviors recorded from over 415 bumble bees.

The experiments took place in the lab of UCR professor Erin Wilson Rankin. Six bumble bee colonies foraged in a shared arena where they could approach feeders that either had ants nearby or had no ants at all.

Argentine ants, often called sugar ants, rely on biting rather than stinging. Their strength comes from their ability to gather in large numbers and overwhelm other insects.




"They can dominate a food resource just by showing up en masse," Wilson Rankin said.

Bees Avoid Ant Crowds but Still Risk Bites

The bees consistently chose to stay away from feeders with ants. As the number of ants increased, bees were less willing to feed there. More ants also meant a higher likelihood of bees being bitten. Although the bites were not deadly, the bees sometimes retaliated.

"We do see the aggression being bi-directional," Wilson Rankin said. "Sometimes you'll see ant heads on the bee legs because they were feeding and in response to an attack, the bee bit the ant and decapitated it."

While bumble bees can sting without dying (unlike honeybees), Miner never observed stinging behavior during these trials. Instead, bees relied on their mandibles to defend themselves.

"Mandibles are like teeth but not only used to chew," Miner said. "They can flare open to handle flowers or crunch a foe."

Winning Fights but Losing Foraging Time




The bees' larger size helped them prevail against individual ants in most direct confrontations during the lab study. However, this apparent advantage did not necessarily translate into a positive outcome for the entire colony.

Rather than returning immediately to forage after meeting an ant, bees frequently engaged in repeated aggressive exchanges.

"The ant presence induced prolonged aggressive exchanges," Wilson Rankin said. "Even though that one bee might benefit from being aggressive in the short term, it may not be beneficial for the colony overall."

Energy Loss and Uncertain Colony Impacts

Once bees shift into attack behavior, they stop gathering food.

"They're wasting energy, they could be getting harmed, and they're not bringing food back," Wilson Rankin said.

Scientists still do not know how the colony responds when foragers return with less than expected.

"We do know that the youngest bees don't leave the colony. Once they're old enough to 'get their licenses' they go out and forage," Wilson Rankin said. "We don't know if the colony sends out additional foragers when one comes back short. That's the next question it's important to answer."
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A fierce crocodile ancestor that hunted before dinosaurs has been found | ScienceDaily
A newly identified carnivorous reptile may look like a dinosaur at first glance, but researchers have confirmed that it was actually an early relative of modern crocodiles.


						
The species is named Tainrakuasuchus bellator, a title partly inspired by the Latin word for "warrior" or "fighter." This armored animal lived 240 million years ago, during a time just before dinosaurs appeared.

As a member of the Pseudosuchia (the precursors of modern crocodiles and alligators), it belonged to a dominant group of predators that thrived in the Triassic Period.

Size, Hunting Skills, and Early Ecosystem Role

Details of the discovery appear in the peer-reviewed Journal of Systematic Palaeontology. According to the study, the creature measured about 2.4m in length and weighed around 60kg.

Its long neck and agile body allowed it to strike quickly at prey. Once it closed in, it used slender jaws filled with sharp, recurved teeth to secure its target and prevent escape.

"This animal was an active predator, but despite its relatively large size, it was far from the largest hunter of its time with the same ecosystem home to giants as big as seven meters long," explains lead author Dr. Rodrigo Temp Muller, who led the paleontology team at the Universidade Federal de Santa Maria in Brazil.




"Pseudosuchia were a diverse group of animals capable of tackling robust prey, as well as small hunters specialized in catching swift animals.

"Although its appearance superficially resembles that of a dinosaur, Tainrakuasuchus bellator does not belong to that group. One of the clearest ways for us to distinguish it from dinosaurs lies in the structure of the pelvis where the characteristics of its hip and femur joints are very different."

A Glimpse Into Pre-Dinosaur Biodiversity

Dr. Muller notes: "Tainrakuasuchus bellator's discovery represents the complexity of the ecosystem at the time, with different pseudosuchia species -- varying in sizes and hunting strategies -- occupying specific ecological niches.

"Its discovery helps illuminate a key moment in the history of life, the period that preceded the rise of the dinosaurs."

The fossils were uncovered during a May 2025 excavation in the municipality of Dona Francisca in southern Brazil. The team found a partial skeleton encased in rock that included portions of the lower jaw, vertebrae, and pelvic girdle.




Analysis of the bones revealed details about the animal's behavior and confirmed that Tainrakuasuchus bellator was protected by bony plates called osteoderms, which are also found in today's crocodiles.

Although its limbs were not preserved, the researchers believe it moved on all fours, similar to related species.

Meaning Behind the Name

The name 'Tainrakuasuchus' blends the Guarani words tain ("tooth") and rakua ("pointed") with the Greek suchus ("crocodile"), referring to its sharp teeth.

The second part, 'bellator,' comes from the Latin word for "warrior" or "fighter" and, according to the authors, "honors the people of Rio Grande do Sul, symbolizing their strength, resilience, and fighting spirit, especially in light of the recent floods that have affected the state."

Rare Fossil With Links Across Ancient Pangaea

Dr. Muller describes the find as "extremely rare" and says it provides more evidence of the ancient connection between Brazil and Africa during the Triassic Period -- when the world's landmasses were joined into the supercontinent Pangaea.

"Despite the diversity of pseudosuchians, they remain poorly understood, as fossils of some their lineages are extremely rare in the fossil record," Dr. Muller says.

"The fossils we found underwent a meticulous preparation process in the laboratory, during which the surrounding rock was carefully removed.

"Once the anatomical details were revealed, we were delighted and really excited to reveal that the specimen represented a species previously unknown to science.

"What we uncovered was a species that belongs to a predator closely related to one (Mandasuchus tanyauchen) found in Tanzania.

"This connection between animals from South America and Africa can be understood in light of the Triassic Period's paleogeography.

"At that time, the continents were still united, which allowed the free dispersal of organisms across regions that are now separated by oceans. As a result, the faunas of Brazil and Africa shared several common elements, reflecting an intertwined evolutionary and ecological history.

"Tainrakuasuchus bellator would have lived in a region bordering a vast, arid desert -- the same setting as where the first dinosaurs emerged.

"It shows that, in what is now southern Brazil, reptiles had already formed diverse communities adapted to various survival strategies. Moreover, this discovery reveals that such diversity was not an isolated phenomenon."
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A 400-million-year-old plant creates water so weird it looks alien | ScienceDaily
A research group at The University of New Mexico has identified how an unusual prehistoric plant may provide new ways to interpret Earth's ancient climate conditions.


						
Led by UNM Earth and Planetary Sciences Professor Zachary Sharp, the team published its findings in the Proceedings of the National Academy of Sciences (PNAS). The study, titled "Extreme triple oxygen isotope fractionation in Equisetum," examines horsetails, which are hollow-stemmed plants that have existed on the planet for more than 400 million years. The researchers discovered that as water moves through these plants, it experiences such intense natural filtration that its oxygen isotope signatures become similar to those seen in meteorites or other extraterrestrial materials.

"It's a meter-high cylinder with a million holes in it, equally spaced. It's an engineering marvel," Sharp said. "You couldn't create anything like this in a laboratory."

Unusual Isotope Behavior Reveals a New Climate Tool

The team's results help clarify long-standing puzzles involving oxygen isotope measurements in desert plants and introduce a valuable method for reconstructing climate in dry regions.

Oxygen isotopes function as tracers, allowing scientists to learn about water sources, plant transpiration, and atmospheric moisture. Heavier isotopes are rare, which makes it challenging to predict how their ratios shift under real environmental conditions.

To investigate this process, Sharp's group collected smooth horsetails (Equisetum laevigatum) along the Rio Grande in New Mexico. They tracked how oxygen isotope values changed from the lower sections of the plants to the upper portions. The highest samples produced extreme readings that previously appeared to fall outside any known Earth-based range.




Meteorite-Like Signatures Draw Global Attention

Sharp presented the work at the Goldschmidt Geochemistry Conference in Prague this past July.

"If I found this sample, I would say this is from a meteorite," Sharp said during the conference. "But in fact, these values do go down to these crazy low levels."

The newly collected data allowed the researchers to update their models, helping explain unusual isotope results found in other desert species. Sharp believes these refined models could also help scientists better understand ancient climate behavior.

Fossil Records Preserve Humidity From the Age of Dinosaurs

Fossil horsetails, which once grew up to 30 meters tall, contain tiny silica particles called phytoliths. These structures may retain isotope signatures for millions of years. According to Sharp, the phytoliths work as a "paleo-hygrometer," or a way to measure ancient humidity.

"We can now begin to reconstruct the humidity and climate conditions of environments going back to when dinosaurs roamed the Earth," he said.

This research expands UNM's contributions to the geosciences and highlights horsetails, some of the planet's oldest surviving plants, as unexpected yet powerful record keepers of Earth's climate history.
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New Neanderthal footprints in Portugal reveal a life we never expected | ScienceDaily
An international team of researchers has identified a previously unknown Neanderthal site on the southern edge of the Iberian Peninsula, located along Portugal's Algarve coast. The findings, published in the journal Scientific Reports by Nature Publishing Group, describe the earliest evidence of Neanderthal hominids in Portugal. This discovery marks an important step forward in understanding how early humans occupied the Atlantic coastline of the Iberian Peninsula during the Pleistocene.


						
The project is directed by Carlos Neto de Carvalho, a geologist and palaeontologist at IDL-University of Lisbon and scientific coordinator of the Naturtejo UNESCO Global Geopark, with contributions from Fernando Muniz Guinea, a professor in the Department of Crystallography, Mineralogy and Agricultural Chemistry at the University of Seville. Researchers from institutions in Portugal, Spain, Gibraltar, Italy, Denmark and China also took part. Neto de Carvalho and Muniz describe the work as an "interdisciplinary study on the ecological and behavioral analysis of the fossilized footprint record in southern Portugal."

Early Neanderthal footprints discovered on the Algarve coast

The earliest Neanderthal footprints known from Portugal were found in two Algarve locations: Praia do Monte Clerigo, where the geological layers date to about 78,000 years ago, and Praia do Telheiro, dated to roughly 82,000 years. At Monte Clerigo, researchers identified 5 trackways and 26 individual footprints created by adults and by children slightly over a year old on the slope of what was once a coastal dune. Praia do Telheiro revealed a single footprint attributed to either a teenager or an adult woman, found near fossilized bird tracks that are typical of rocky and coastal habitats.

Why footprints offer unique scientific insight

Neanderthal footprints preserve information that other archaeological remains, such as bones or tools, often cannot provide. Imprinted in sediments or sedimentary rock, they record a specific moment of activity and confirm the exact location where an individual stood or moved. Artifacts, in contrast, may be displaced or left behind long after their original use.

"Footprints record a specific moment, almost instantaneously, allowing us to reconstruct what was happening; for example, a group walk, a chase, a flight, or presence in a particular landscape. The footprints show how Neanderthals used space, how they explored coastal environments, forests, dunes or riverbanks, something that is difficult to infer solely from artifacts," explain Neto de Carvalho and Muniz.




Reconstructing group behavior, movement and social structure

By studying the size and arrangement of the footprints, researchers can estimate how many individuals were present, the range of ages represented (children, adolescents, adults) and even potential task division within the group (e.g. a hunting party). Footprints left by infants and very young children, which are typically rare in the archaeological record, add valuable information about family groups and social organization. As the authors note, "footprints offer a unique and dynamic window into everyday behavior: a snapshot of life tens of thousands of years ago."

The trackways also show how Neanderthals moved through different types of terrain, revealing decisions about route selection, proximity to their base camp and possible hunting strategies. In one case, human footprints appear alongside deer tracks created at the same time, supporting the idea of pursuit or ambush activity within the dune environment.

Insights into Neanderthal diet along the Iberian coast

In addition to the footprint analysis, the researchers used ecological network analysis based on mathematical network theory to compare data from this site with other coastal archaeological locations in the Iberian Peninsula. These comparisons show that the Neanderthal diet in these regions relied heavily on deer, horses and hares, along with marine and coastal foods, pointing to a wide-ranging and adaptable approach to gathering resources.

These results reveal that Neanderthals living along the Atlantic coast were more flexible and environmentally skilled than previously understood. The study offers a detailed look at their mobility, behavior and social interactions, highlighting a level of ecological and cognitive adaptability that adds new depth to the story of Neanderthal life.
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Space dust reveals how fast the Arctic is changing | ScienceDaily
Arctic sea ice has shrunk by more than 42% since 1979, when satellites first began providing consistent measurements. As the remaining ice thins and retreats, more open ocean is left exposed to sunlight. Ice helps cool the planet by reflecting sunlight, but darker seawater absorbs heat instead, which speeds up warming and contributes to even greater ice loss. Climate projections suggest the Arctic could experience ice-free summers within the next few decades, and scientists are still working to understand how this shift might affect ecosystems and human societies.


						
For many years, scientists have known that fine particles from space steadily fall to Earth and accumulate in ocean sediments. A study published on November 6 in Science shows that identifying where this cosmic dust appears, and where it is missing, offers clues about how sea ice coverage has changed over thousands of years.

"If we can project the timing and spatial patterns of ice coverage decline in the future, it will help us understand warming, predict changes to food webs and fishing, and prepare for geopolitical shifts," said Frankie Pavia, a UW assistant professor of oceanography who led the research.

How Cosmic Dust Helps Track Ancient Ice

Cosmic dust forms when stars explode or when comets break apart, and much of it carries a rare version of helium called helium-3 after passing near the sun. Researchers measure helium-3 to separate cosmic dust from material originating on Earth.

"It's like looking for a needle in a haystack," Pavia said. "You've got this small amount of cosmic dust raining down everywhere, but you've also got Earth sediments accumulating pretty fast."

In this project, however, Pavia focused more on places where the dust did not show up.




"During the last ice age, there was almost no cosmic dust in the Arctic sediments," he said.

Reconstructing 30,000 Years of Arctic Sea Ice

The team proposed that cosmic dust could serve as a stand-in for satellite measurements of ice. When the sea surface is covered with ice, the dust cannot settle on the seafloor, but open water allows it to reach the sediment. By measuring the amount of cosmic dust in sediment cores collected from three Arctic locations, the researchers recreated sea ice history over the past 30,000 years.

The three study sites "span a gradient of modern ice coverage," Pavia said. One site near the North Pole remains ice-covered throughout the year. A second sits near the seasonal edge of the ice in September, and the third was consistently ice-covered in 1980 but now experiences periodic ice-free conditions.

The team found that times of persistent ice cover matched periods with very little cosmic dust in the sediments. This was true during the last ice age about 20,000 years ago. As the planet warmed afterward, cosmic dust began to appear again in the sediment samples.

Linking Ice Changes to Nutrient Use

The researchers also compared their reconstructed ice record with data on nutrient availability. They discovered that nutrient consumption was highest when sea ice levels were low and declined as ice cover increased.




Nutrient cycling data comes from tiny shells once inhabited by foraminifera, organisms that digest nitrogen. Chemical signatures preserved in their shells reveal how much of the available nutrients these organisms used while they were alive.

"As ice decreases in the future, we expect to see increased consumption of nutrients by phytoplankton in the Arctic, which has consequences for the food web," Pavia said.

What Drives Shifts in Nutrients?

More work is needed to understand why nutrient use changes as ice declines. One possibility is that less ice leads to more photosynthesis at the surface, increasing nutrient uptake. Another idea suggests that melting ice dilutes nutrient concentrations in the water.

Both ideas could appear as higher nutrient consumption, but only the first would signal a rise in marine productivity.

Additional co-authors include Jesse R. Farmer at the University of Massachusetts Boston; Laura Gemery and Thomas M. Cronin at the United States Geological Survey; and Jonathan Treffkorn and Kenneth A. Farley at Caltech.

This research was supported by the National Science Foundation and a Foster and Coco Stanback Postdoctoral Fellowship.
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A 540-million-year-old fossil is rewriting evolution | ScienceDaily
Recently, Halloween may have brought thoughts of skeletons, but the true "skeleton age" began long ago during the early Cambrian Period, roughly 538 to 506 million years ago.


						
During this transformative era, many of Earth's major animal groups independently figured out how to create mineralized skeletons or shells. They typically did this in one of two ways: either by building mineral tissues on an organic framework (similar to how humans form bones and teeth) or by collecting minerals from their surroundings and binding them together into a hardened outer covering.

These construction strategies proved remarkably successful, persisting for more than half a billion years with little need for change.

A Fossil That Broke the Rules

Among the many Cambrian creatures, one stood out for doing things differently. Fossil evidence of Salterella -- a small, cone-shaped organism abundant in early Cambrian rocks -- reveals an unusual approach to skeleton building. So distinctive is this fossil that paleontologists often use it as an index fossil to determine the age of rock layers.

Unlike most of its contemporaries, Salterella didn't choose just one method for making its shell. It first built a conical outer structure and then filled the inner cavity with carefully selected mineral grains, creating a second layer inside the shell. This kind of double construction is almost unheard of among ancient animals.

"It makes Salterella difficult to place on the tree of life," explained Prescott Vayda, a geosciences graduate student who led a recent study on the mysterious fossil published in the Journal of Paleontology.




The Long Search for Salterella's True Home

Over the years, scientists have struggled to determine where Salterella fits in the evolutionary story. It was first grouped with squids and octopuses, then with sea slugs, jellyfish ancestors, and even worms. Eventually, in the 1970s, researchers gave up trying to fit it neatly into an existing category and created a new one for Salterella and a related fossil called Volborthella.

And there, for decades, the two remained -- isolated and misunderstood.

That began to change when Vayda and University Distinguished Professor Shuhai Xiao set out to find new connections.

"Finding the right place for these fossils is important for our understanding of how animals evolved skeletons and shells," said Vayda.

Fossil Clues from Across Continents

Vayda spent four years gathering Salterella samples from sites as far-flung as Death Valley, the Yukon in Canada, and Wythe County, Virginia. Collaborating with researchers at Virginia Tech, Johns Hopkins University, Dartmouth College, the University of Missouri, and the Denver Museum of Nature and Science, he analyzed the fossils' shapes, mineral makeup, and crystal structures to better understand their biology and origins.




What he found was that Salterella may have been small, but it was picky about its materials. It avoided clay minerals entirely, tolerated quartz, but seemed to prefer titanium-rich grains -- an impressively strong choice for an ancient organism.

No clays, for instance, ew. Quartz was acceptable, but not ideal. Titanium was choice, of course. Who wouldn't like a Titanium skeleton?

Reconstructing an Ancient Builder

The range of minerals used suggested that Salterella's inner structure served a purpose beyond mere protection. Researchers suspect the added minerals may have helped stabilize the shell or aided in feeding. The fossil evidence also hints that the animal may have possessed small appendages for picking up and arranging mineral grains.

"We're starting to get an image of their biology and where they fit in the larger web of life," said Vayda.

After examining their form, habitat, and shell structure, the team concluded that Salterella and Volborthella most likely belonged to the cnidarian group -- relatives of modern corals, jellyfish, and sea anemones.

Rediscovering a Lost Link in Evolution

Reconnecting this long-misunderstood branch of evolutionary history provides new insights into how early animals began forming shells and skeletons. These findings add another piece to the puzzle of life's earliest innovations and help clarify how complex body structures evolved on Earth.

And for Vayda, the motivation behind the work runs deeper: it's about "truly learning where we come from and the history of life on Earth, which is an amazing and beautiful thing."
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Earth is slowly peeling its continents from below, fueling ocean volcanoes | ScienceDaily
Earth scientists have uncovered a slow and surprising process beneath our planet's surface that helps fuel volcanic activity in the oceans.


						
Researchers from the University of Southampton found that fragments of continents are gradually stripped away from below and drawn into the oceanic mantle -- the hot, mostly solid layer beneath the sea floor that slowly circulates. Once there, this continental material can power volcanic eruptions for tens of millions of years.

This discovery resolves a long-standing geological puzzle: why certain ocean islands located far from tectonic plate boundaries contain chemical signatures that look distinctly continental, even though they lie in the middle of vast oceans.

The study, published in Nature Geoscience, was conducted by an international team from the University of Southampton, GFZ Helmholtz Centre for Geosciences in Potsdam, the University of Potsdam, Queen's University (Canada), and Swansea University.

Ancient chemical clues deep within the mantle

Ocean islands such as Christmas Island in the northeast Indian Ocean often contain unusually high concentrations of certain "enriched" elements that typically come from continents. Scientists have compared this mixing process to the motion of a cake mixer folding in older, recycled ingredients from deep within the Earth.

For years, geologists assumed these enriched elements came from ocean sediments pulled into the mantle when tectonic plates sink, or from columns of rising hot rock known as mantle plumes.




However, those explanations have limits. Some volcanic regions lack evidence of recycled crust, while others seem too shallow and cool to be driven by deep mantle plumes.

"We've known for decades that parts of the mantle beneath the oceans look strangely contaminated, as if pieces of ancient continents somehow ended up in there," said Thomas Gernon, Professor of Earth Science at the University of Southampton and the study's lead author. "But we haven't been able to adequately explain how all that continental material got there."

Continents are peeling from below

The researchers propose a new mechanism: continents not only split apart at the surface but also peel away from below, and across far greater distances than scientists once believed possible.

To test this, the team built computer simulations that recreated how the mantle and continental crust behave when stretched by tectonic forces.

Their results show that when continents begin to break apart, powerful stresses deep within the Earth trigger a slow-moving "mantle wave." This rolling motion travels along the base of the continents at depths of 150 to 200 kilometers, disturbing and gradually stripping material from their deep roots.




The process happens at an incredibly slow rate -- roughly a millionth the speed of a snail. Over time, these detached fragments are carried sideways for more than 1,000 kilometers into the oceanic mantle, where they feed volcanic activity for tens of millions of years.

Study co-author Professor Sascha Brune of GFZ in Potsdam explained, "We found that the mantle is still feeling the effects of continental breakup long after the continents themselves have separated. The system doesn't switch off when a new ocean basin forms -- the mantle keeps moving, reorganizing, and transporting enriched material far from where it originated."

Clues from the Indian Ocean

To support their model, the team analyzed chemical and geological data from regions such as the Indian Ocean Seamount Province -- a chain of volcanic formations that appeared after the breakup of the supercontinent Gondwana over 100 million years ago.

Their findings show that soon after Gondwana split apart, a pulse of magma unusually rich in continental material erupted to the surface. Over time, this chemical signature gradually faded as the flow of material from beneath the continents diminished. Notably, this happened without the presence of a deep mantle plume, challenging long-held assumptions about the source of such volcanism.

Professor Gernon added: "We're not ruling out mantle plumes, but this discovery points to a completely new mechanism that also shapes the composition of the Earth's mantle. Mantle waves can carry blobs of continental material far into the oceanic mantle, leaving behind a chemical signature that endures long after the continents have broken apart."

The research also builds on the team's earlier work showing that these slow, rolling mantle waves can have dramatic effects deep inside continents. Their previous studies suggest that such waves may help trigger diamond eruptions and even reshape landscapes thousands of kilometers away from tectonic boundaries.
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Scientists shocked as bumblebees learn to read simple "Morse code" | ScienceDaily
Researchers at Queen Mary University of London have discovered that an insect, the bumblebee Bombus terrestris, can choose where to gather food by recognizing how long a visual signal lasts.


						
In Morse code, short flashes or "dots" stand for the letter "E," while longer flashes or "dashes" represent the letter "T." Until now, only humans and a few other vertebrates, including pigeons and macaques, were known to distinguish between these two durations.

Training Bees to Recognize Light Durations

PhD student Alex Davidson and his supervisor, Dr. Elisabetta Versace, Senior Lecturer in Psychology at Queen Mary, led the research team. They designed a special maze to test whether bees could link different light durations to rewards. Each bee was trained to find a sugar treat at one of two flashing circles, which either emitted a short flash ("dot") or a long flash ("dash"). When the short flash led to a sugar reward, the longer flash indicated a bitter substance that bees prefer to avoid.

To ensure the bees were using timing rather than location, the researchers changed the positions of the two flashing circles in each section of the maze. Once the bees consistently flew toward the light associated with sugar, the team removed the sugar to see if the insects would still choose based on flash duration instead of scent or other cues.

Bees Learn Through Timing, Not Position

The results showed that most bees went directly to the light with the duration previously linked to sugar, regardless of where it was positioned. This confirmed that the bees had learned to differentiate between short and long flashes of light.




Alex Davidson said: "We wanted to find out if bumblebees could learn the difference between these different durations, and it was so exciting to see them do it."

Time Perception in Tiny Brains

"Since bees don't encounter flashing stimuli in their natural environment, it's remarkable that they could succeed at this task," Davidson added. "The fact that they could track the duration of visual stimuli might suggest an extension of a time processing capacity that has evolved for different purposes, such as keeping track of movement in space or communication."

"Alternatively, this surprising ability to encode and process time duration might be a fundamental component of the nervous system that is intrinsic in the properties of neurons. Only further research will be able to address this issue."

Exploring the Biology of Timekeeping

Scientists still know little about how bees or other animals measure short durations of time. The known systems that regulate daily cycles (circadian rhythms) or seasonal patterns operate too slowly to explain this precise timing ability for flashes that differ by fractions of a second.

Some theories propose that animals may have one or more internal clocks operating at different scales. Now that this ability has been demonstrated in insects, researchers can test how such timing mechanisms function in miniature brains that are smaller than a cubic millimeter.

What This Means for Understanding Intelligence

Dr. Versace explained: "Many complex animal behaviors, such as navigation and communication, depend on time processing abilities. It will be important to use a broad comparative approach across different species, including insects, to shed light on the evolution of those abilities. Processing durations in insects is evidence of a complex task solution using minimal neural substrate. This has implications for complex cognitive-like traits in artificial neural networks, which should seek to be as efficient as possible to be scalable, taking inspiration from biological intelligence."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251112011803.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Brain-like learning found in bacterial nanopores | ScienceDaily
Pore-forming proteins are widespread across living organisms. In humans, they are essential for immune defense, while in bacteria they often act as toxins that puncture cell membranes. These microscopic pores allow ions and molecules to move through membranes, controlling molecular traffic within cells. Because of their precision and control, scientists have adapted them as nanopore tools for biotechnology, such as in DNA sequencing and molecular sensing.


						
Although biological nanopores have revolutionized biotechnology, they can behave in complex and sometimes erratic ways. Researchers still lack a complete understanding of how ions travel through them or why ion flow occasionally stops altogether.

Two particularly puzzling behaviors have long intrigued scientists: rectification and gating. Rectification occurs when the flow of ions changes depending on the "sign" (plus or minus -- positive or negative) of the voltage applied. Gating happens when the ion flow suddenly decreases or stops. These effects, especially gating, can disrupt nanopore-based sensing and have remained difficult to explain.

A research team led by Matteo Dal Peraro and Aleksandra Radenovic at EPFL has now identified the physical mechanisms behind these two effects. Using a combination of experiments, simulations, and theoretical modeling, they found that both rectification and gating arise from the nanopore's own electrical charges and the way those charges interact with the ions moving through the pore.

Experimenting With Electric Charges

The team studied aerolysin, a bacterial pore commonly used in sensing research. They modified the charged amino acids lining its interior to create 26 nanopore variants, each with a distinct charge pattern. By observing how ions traveled through these modified pores under different conditions, they were able to isolate key electrical and structural factors.

To better understand how these effects evolve over time, the scientists applied alternating voltage signals to the nanopores. This approach allowed them to distinguish rectification, which occurs quickly, from gating, which develops more slowly. They then built biophysical models to interpret their data and reveal the mechanisms at work.




How Nanopores Learn Like the Brain

The researchers discovered that rectification happens because of how the charges along the inner surface influence ion movement, making it easier for ions to flow in one direction than the other, similar to a one-way valve. Gating, in contrast, occurs when a heavy ion flow disrupts the charge balance and destabilizes the pore's structure. This temporary collapse blocks ion passage until the system resets.

Both effects depend on the exact placement and type of electrical charge within the nanopore. By reversing the charge "sign," the team could control when and how gating occurred. When they increased the pore's rigidity, gating stopped completely, confirming that structural flexibility is key to this phenomenon.

Toward Smarter Nanopores

These findings open new possibilities for engineering biological nanopores with custom properties. Scientists can now design pores that minimize unwanted gating for applications in nanopore sensing, or deliberately use gating for bio-inspired computing. In one demonstration, the team created a nanopore that mimics synaptic plasticity, "learning" from voltage pulses much like a neural synapse. This discovery suggests that future ion-based processors could one day harness such molecular "learning" to power new forms of computing.
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AI revives lost 3,000-year-old Babylonian hymn | ScienceDaily
A long-lost hymn of praise dating back to around 1000 BCE has been identified through modern technology. Professor Enrique Jimenez of LMU uncovered the text and linked it to 30 additional manuscripts using artificial intelligence.


						
Working in partnership with the University of Baghdad, Professor Jimenez rediscovered a Babylonian text that had remained hidden for more than a millennium. "It's a fascinating hymn that describes Babylon in all its majesty and gives insights into the lives of its inhabitants, male and female," he explained. Founded around 2000 BCE in Mesopotamia, Babylon grew into the largest city of its time and became a thriving center of culture and scholarship. Many of its writings remain cornerstones of the world's literary heritage.

Preserving Babylon's Written Legacy

Babylonian works were inscribed in cuneiform on clay tablets, many of which have survived only in fragments. One of the key goals of the LMU-Baghdad collaboration is to decipher hundreds of cuneiform tablets from the renowned Sippar Library and ensure their preservation. According to legend, Noah concealed these tablets there before the flood.

Through the Electronic Babylonian Library Platform, Jimenez and his team are digitally archiving all known cuneiform fragments from around the world. Artificial intelligence helps match pieces that belong together, revealing connections long missed by scholars. "Using our AI-supported platform, we managed to identify 30 other manuscripts that belong to the rediscovered hymn -- a process that would formerly have taken decades," said Jimenez, who teaches at LMU's Institute of Assyriology. The additional fragments made it possible to fully reconstruct the hymn, including sections that were previously incomplete.

Insights Into Babylonian Society and Daily Life

The discovery of so many copies suggests that the hymn was widely known in its time. "The hymn was copied by children at school. It's unusual that such a popular text in its day was unknown to us before now," noted Jimenez. The poem, dating from the early first millennium BCE, contains around 250 lines.

"It was written by a Babylonian who wanted to praise his city. The author describes the buildings in the city, but also how the waters of the Euphrates bring the spring and green the fields. This is all the more spectacular as surviving Mesopotamian literature is sparing in its descriptions of natural phenomena," said Jimenez. The text also sheds light on women's roles in Babylon, including priestly duties that were previously undocumented. Moreover, the hymn portrays a society that valued respect and hospitality toward foreigners -- an aspect rarely detailed in ancient literature.

A Legacy Preserved in Stone and Song

Today, the ruins of Babylon lie about 85 kilometers south of Baghdad, Iraq. Recognized as a UNESCO World Heritage Site, the city's remnants continue to tell stories of a civilization whose voice, after 3,000 years, can once again be heard.
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Scientists uncover a hidden universal law limiting life's growth | ScienceDaily
A team of researchers, including a scientist from the Earth-Life Science Institute (ELSI) at the Institute of Science Tokyo in Japan, has identified a new principle in biology that mathematically explains why the growth of living organisms slows down when nutrients become plentiful. This well-known phenomenon is referred to as the "law of diminishing returns."


						
How organisms grow in response to changing nutrient conditions has long been one of biology's central questions. Across all forms of life -- from microbes to plants and animals -- growth depends on access to nutrients, energy, and the internal machinery of cells. Although scientists have studied how these factors affect growth, most research has focused on individual nutrients or specific biochemical pathways. What has remained unclear is how all these interconnected processes within a cell work together to control growth when resources are limited.

A Global Principle That Unites Living Systems

To explore this mystery, ELSI's Specially Appointed Associate Professor Tetsuhiro S. Hatakeyama and RIKEN Special Postdoctoral Researcher Jumpei F. Yamagishi discovered a new unifying concept that describes how all living cells manage growth under resource constraints. Their work introduces what they call the global constraint principle for microbial growth -- a framework that could reshape how scientists understand biological systems.

Since the 1940s, microbiologists have relied on the "Monod equation" to describe how microbes grow. This model shows that growth rates increase with added nutrients until they level off. However, the Monod equation assumes that only one nutrient or biochemical reaction limits growth at a time. In reality, cells perform thousands of simultaneous chemical processes that must share finite resources.

A Network of Constraints Inside Every Cell

According to Hatakeyama and Yamagishi, the traditional model captures only a small part of what's happening. Instead of a single bottleneck, cellular growth is shaped by a complex network of limitations that interact to slow growth as nutrients accumulate. The global constraint principle explains that when one limiting factor -- such as a nutrient -- is alleviated, other constraints like enzyme production, cell volume, or membrane space begin to take over.




Using a technique known as "constraint-based modeling," the team simulated how cells distribute and manage internal resources. Their results showed that while each additional nutrient helps microbes grow, its benefit gradually decreases -- each one contributes less than the last.

"The shape of growth curves emerges directly from the physics of resource allocation inside cells, rather than depending on any particular biochemical reaction," explains Hatakeyama.

Uniting Classic Laws of Biology

This new principle brings together two of biology's foundational growth laws: the Monod equation and Liebig's law of the minimum. Liebig's law states that a plant's growth is limited by whichever nutrient is scarcest (for example, nitrogen or phosphorus). Even if all other nutrients are plentiful, the plant can only grow as much as the least available one allows.

By merging these two concepts, the researchers created what they call a "terraced barrel" model. In this model, new limiting factors appear in stages as nutrient availability increases. This explains why organisms -- from single-celled microbes to complex plants -- experience diminishing growth returns even when conditions seem ideal, as each new stage reveals a fresh constraint.

Hatakeyama compares this to an updated version of Liebig's famous barrel analogy, in which a plant's growth is limited by its shortest stave, representing the scarcest resource. "In our model, the barrel staves spread out in steps," he says, "each step representing a new limiting factor that becomes active as the cell grows faster."

To test their hypothesis, the researchers built large-scale computer models of Escherichia coli bacteria. These models incorporated details about how cells use proteins, how crowded they are inside, and the physical limits of their membranes. The simulations accurately predicted the observed slowing of growth as nutrients were added and showed how oxygen and nitrogen levels affected the results. Laboratory experiments confirmed that the model's predictions matched real biological behavior.




Toward Universal Laws of Life's Growth

The discovery offers a new way to understand how life grows, without the need to model every molecule or reaction in detail. The global constraint principle provides a framework that unifies many aspects of biology. "Our work lays the groundwork for universal laws of growth," says Yamagishi. "By understanding the limits that apply to all living systems, we can better predict how cells, ecosystems, and even entire biospheres respond to changing environments."

This principle could have far-reaching applications. It may lead to more efficient microbial production in biotechnology, improved crop yields through better nutrient management, and stronger models for predicting how ecosystems respond to climate change. Future research may explore how this principle applies to different types of organisms and how multiple nutrients interact to influence growth. By bridging cellular biology with ecological theory, this study moves science closer to a universal framework for understanding life's growth limits.

Earth-Life Science Institute (ELSI) is one of Japan's prominent World Premiere International (WPI) research centers. It aims to drive breakthroughs in interdisciplinary science by attracting top researchers from around the world to collaborate on challenging scientific problems. ELSI's mission focuses on studying the origin and co-evolution of Earth and life.

The Institute of Science Tokyo (Science Tokyo) was established on October 1, 2024, through the merger of Tokyo Medical and Dental University (TMDU) and Tokyo Institute of Technology (Tokyo Tech). Its mission is "Advancing science and human wellbeing to create value for and with society."

Japan's World Premier International Research Center Initiative (WPI), launched in 2007 by the Ministry of Education, Culture, Sports, Science and Technology (MEXT), supports a network of elite research centers that operate with a high degree of independence and global collaboration. The program is managed by the Japan Society for the Promotion of Science (JSPS).

RIKEN, Japan's largest research institute for basic and applied science, produces over 2,500 papers each year in leading journals across physics, chemistry, biology, engineering, and medicine. Known for its interdisciplinary and international approach, RIKEN has earned a worldwide reputation for scientific excellence.
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Archaeologists may have finally solved Peru's strange "Band of Holes" mystery | ScienceDaily
    	In southern Peru's Pisco Valley, Monte Sierpe -- also known as the "Band of Holes" -- features thousands of perfectly aligned circular pits whose true purpose has long puzzled scientists.
    	New research combining microbotanical analysis and high-resolution drone imagery offers fresh insight into how and why this mysterious site was built.
    	Evidence suggests Monte Sierpe may have first served as a bustling pre-Inca marketplace where traders, farmers, and travelers exchanged goods and ideas.
    	Later, under Inca rule, it might have evolved into a sophisticated accounting and tribute system used to manage resources and record exchanges across the empire.

Clues Emerge in the Mystery of Peru's "Band of Holes"

Researchers from the University of Sydney have found new evidence that could finally explain one of the Andes' most puzzling archaeological sites. Monte Sierpe (translated as "serpent mountain" and often called the "Band of Holes") lies in Peru's Pisco Valley and features more than 5,000 carefully aligned circular depressions carved into the desert hills.

This unusual formation has fascinated and mystified both scientists and the public for decades.

Lead author Dr. Jacob Bongers, a digital archaeologist at the University of Sydney, asked, "Why would ancient peoples make over 5,000 holes in the foothills of southern Peru? Were they gardens? Did they capture water? Did they have an agricultural function? We don't know why they are here, but we have produced some promising new data that yield important clues and support novel theories about the site's use."

Using advanced drone technology, his team mapped the site and found numerical patterns in the layout that suggest deliberate design rather than random placement.

The researchers were astonished to discover that the layout of Monte Sierpe mirrors the structure of an Inca khipu (a knotted-string device used for recording information) found in the same valley.




"This is an extraordinary discovery that expands understandings about the origins and diversity of Indigenous accounting practices within and beyond the Andes," said Dr. Bongers.

Ancient Plants Reveal Trade and Transport Clues

Soil samples from the holes revealed traces of maize (corn), one of the Andes' most essential crops, along with reeds that were traditionally used for weaving baskets. These findings show that ancient people placed plant materials into the holes, possibly using woven containers for transport.

"This is very intriguing," Dr. Bongers said. "Perhaps this was a pre-Inca marketplace, like a flea market. We know the pre-Hispanic population here was around 100,000 people. Perhaps mobile traders (seafaring merchants and llama caravans), specialists (farmers and fisherfolk), and others were coming together at the site to exchange local goods such as corn and cotton. Fundamentally, I view these holes as a type of social technology that brought people together, and later became a large-scale accounting system under the Inca Empire.

"There are still many more questions -- why is this monument only seen here and not all over the Andes? Was Monte Sierpe a sort of 'landscape khipu'? -- but we are getting closer to understanding this mysterious site. It is very exciting."

The team's findings were published on November 10 in the journal Antiquity.




Stretching for about 1.5 kilometers across the Pisco Valley in southern Peru, Monte Sierpe consists of roughly 5,200 uniform holes, each 1-2 meters wide and 0.5-1 meter deep, arranged in rows and divided into distinct sections.

The site first gained widespread attention in 1933 when aerial photos appeared in National Geographic, but its true purpose has remained uncertain ever since.

"Hypotheses regarding Monte Sierpe's purpose range from defense, storage, and accounting to water collection, fog capture and gardening, yet the true function of the site remains unclear," said Dr. Bongers.

Drones and Soil Analysis Offer New Clues

To better understand this enigmatic feature of Peru's landscape, Dr. Bongers and an international research team combined drone-based aerial photography with microbotanical analysis of sediments collected from the holes. These complementary approaches revealed new details about how the site was organized and used, both at a fine scale and across the broader landscape.

Together, the data support a new interpretation of Monte Sierpe as an Indigenous center for barter and exchange that may have evolved into an accounting system under Inca rule.

Monte Sierpe's location adds weight to this idea. It sits between two Inca administrative centers and near a crossroads of pre-Hispanic roads. The area occupies a transitional ecological zone (chaupiyunga) between the Andes highlands and the lower coastal plain, an ideal meeting ground for trade between regions.

These findings suggest that the pre-Inca Chincha Kingdom may have built Monte Sierpe for organized barter and trading, and that the Inca later repurposed it for accounting and tribute collection.

"This research contributes an important Andean case study on how past communities modified landscapes to bring people together and promote interaction," said Dr. Bongers.

International Collaboration and Technological Innovation

Dr. Jacob Bongers specializes in drone-based archaeological mapping and is the Tom Austen Brown Postdoctoral Research Associate in Archaeology at the University of Sydney. He is also a core member of the Vere Gordon Childe Centre (VGCC), which unites experts across disciplines to study humanity through time. In addition, he is a Visiting Research Fellow at the Australian Museum Research Institute.

Professor Kirsten McKenzie, Director of the VGCC, praised his work: "We are all hugely proud of his achievement. Monte Sierpe is a high-profile site that attracts a lot of popular commentary online, including misinformation that threatens to overshadow Indigenous knowledge bases and community ownership over history and heritage.

"Dr. Bongers' team brought to light an incredible example of Indigenous accounting and exchange through interdisciplinary research and diverse expertise, highlighting how cutting-edge technologies and analyses lead to a completely novel understanding of Andean communities in the past."

Professor Charles Stanish, senior co-author from the University of South Florida, noted that despite its fame, Monte Sierpe had seen little professional archaeological study since its discovery in the 1930s and limited surveys in the 1970s. "The site is isolated and not threatened by development. As a result, there has not been a sense of urgency," he explained.

That changed with the advent of drone imaging. "With the recent availability of drone technology, archaeologists detected mathematical patterning in the layout of the holes. This is a spectacular find. Combined with discoveries in the Canete Valley 75 kilometers north of Inca storage sites with precisely aligned products on the ground in carefully drawn squares, interest in the Band of Holes skyrocketed."

Professor Stanish added that the site has long drawn public fascination, but reliable data was scarce. "The site has always been very prominent in the pseudoarcheology world with rampant speculation and mischaracterization of the data on the ground. One of the benefits of scientific work is the debunking of unsubstantiated claims that in many ways deprive Indigenous peoples' rightful ownership of their past."

Mapping the Andes' Hidden Patterns

Before drone surveys, it was nearly impossible to grasp the site's structure from ground level or even from nearby hills because of the persistent coastal haze. "Until drone technology, the site of Monte Sierpe/Band of Holes was extremely difficult to map on the surface. One simply cannot get an accurate impression of the structured nature of the hole segments, even from the top of the mountain behind due to the permanent haze in the area," said Stanish.

He added, "Furthermore, there were very few artifacts on the ground making it difficult to determine a date for the site. Once we had precision, low-altitude images it was immediately clear that this site was profoundly important and had to be scientifically studied."

"Now that we have established that this site was for storage and redistribution, our University of South Florida team will conduct additional work to determine the range and origins of the various plants, particularly the medicinal ones," Professor Stanish said. "With every identification of a new plant type, the Band of Holes becomes more intriguing."

The research received support from a Franklin Research Grant, the University of South Florida Office of the Dean, and the Cotsen Institute of Archaeology at the University of California, Los Angeles. The team also thanked the Peruvian Ministry of Culture for its research permit (000318-2024-DCIA-DGPA-VMPCIC/MC). Open access funding was provided by the University of Sydney.
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Warm ocean beneath Saturn's icy moon Enceladus may be perfect for life | ScienceDaily
New research from NASA's Cassini mission reveals that Enceladus, one of Saturn's most intriguing moons and a prime candidate for extraterrestrial life, is releasing heat from both poles. This surprising discovery suggests the icy world has the long-term thermal balance needed for life to possibly take hold. The findings were published on November 7 in Science Advances.


						
A team of scientists from Oxford University, the Southwest Research Institute, and the Planetary Science Institute in Tucson, Arizona, has uncovered the first evidence of significant heat flow at Enceladus' north pole. Until now, scientists believed that heat loss was limited to the south pole, where geysers shoot water vapor and ice particles into space. The new measurements confirm that Enceladus is far more thermally active than previously thought, indicating that it generates and releases much more heat than a dormant, frozen moon would.

A Hidden Ocean Beneath the Ice

Enceladus is a geologically active world with a global, salty ocean hidden beneath its icy surface. Scientists believe this ocean is the main source of the moon's internal heat. Because it contains liquid water, warmth, and essential chemical ingredients (such as phosphorus and complex hydrocarbons), this underground sea is considered one of the most promising environments in the solar system for life beyond Earth.

For life to thrive, Enceladus' ocean must remain stable over long periods, maintaining an equilibrium between energy gained and lost. This balance is sustained through tidal heating, caused by Saturn's powerful gravitational pull that stretches and compresses the moon as it orbits. If too little heat is produced, Enceladus' surface activity would fade, and its ocean could eventually freeze. Too much energy, however, might trigger excessive geological activity, disrupting the delicate environment that supports its ocean.

"Enceladus is a key target in the search for life outside the Earth, and understanding the long-term availability of its energy is key to determining whether it can support life," explained Dr. Georgina Miles (Southwest Research Institute and Visiting Scientist at the Department of Physics, University of Oxford), the study's lead author.

Measuring Enceladus' Mysterious Warmth

Until recently, scientists had only measured heat loss at the moon's south pole. The north pole was believed to be geologically quiet and inactive. To challenge this assumption, the research team used data from NASA's Cassini spacecraft to study the north polar region during two key periods: the deep winter of 2005 and the summer of 2015. These observations allowed scientists to estimate how much energy Enceladus loses as heat moves from its relatively "warm" subsurface ocean (0degC, 32degF) through its icy crust to the surface, which remains bitterly cold (-223degC, -370degF), before escaping into space.




By modeling expected surface temperatures during the long polar night and comparing them with infrared data from Cassini's Composite InfraRed Spectrometer (CIRS), researchers found that the north pole's surface was roughly 7 K warmer than expected. The only explanation for this excess warmth is heat leaking upward from the hidden ocean.

The team measured a heat flow of 46 +- 4 milliwatts per square meter. While that may sound modest, it equals about two-thirds of the average heat escaping through Earth's continental crust. Across Enceladus, this amounts to about 35 gigawatts of energy -- roughly the power produced by 66 million solar panels (530 W each) or 10,500 wind turbines (3.4 MW each).

A Stable Ocean Beneath the Ice

When the new measurements are combined with the heat previously detected at the active south pole, Enceladus' total heat loss reaches about 54 gigawatts. This figure aligns closely with predictions of how much heat should be generated by tidal forces. The nearly perfect balance between heat creation and loss indicates that Enceladus' ocean could remain liquid for vast spans of time, offering a stable, long-term environment that might allow life to develop.

"Understanding how much heat Enceladus is losing on a global level is crucial to knowing whether it can support life," said Dr. Carly Howett (Department of Physics, University of Oxford and Planetary Science Institute in Tucson, Arizona), corresponding author of the study. "It is really exciting that this new result supports Enceladus' long-term sustainability, a crucial component for life to develop."

How Long Has the Ocean Existed?

The next challenge for scientists is to determine how long Enceladus' ocean has been around. If it has existed for billions of years, the conditions for life would have been stable long enough for it to potentially emerge. However, the exact age of the ocean remains uncertain.




Mapping Enceladus for Future Missions

The research also demonstrated that thermal readings can help estimate the thickness of Enceladus' ice shell, an important factor for planning future missions that may attempt to explore its ocean using robotic probes or landers. The analysis suggests that the ice is 20 to 23 km thick at the north pole, and about 25 to 28 km thick on average across the moon -- slightly deeper than earlier estimates derived from other models.

"Eking out the subtle surface temperature variations caused by Enceladus' conductive heat flow from its daily and seasonal temperature changes was a challenge, and was only made possible by Cassini's extended missions," added Dr. Miles. "Our study highlights the need for long-term missions to ocean worlds that may harbor life, and the fact the data might not reveal all its secrets until decades after it has been obtained."
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Meet the desert survivor that grows faster the hotter it gets | ScienceDaily
In California's Death Valley, where summer heat often surpasses 120 degrees Fahrenheit, survival appears almost impossible. Yet, among the cracked soil and intense sunlight, one native plant not only endures but flourishes.


						
That plant, Tidestromia oblongifolia, has helped scientists at Michigan State University reveal how life can persist in such extreme conditions. Their findings offer a potential guide for developing crops that can survive in an increasingly hot climate.

In a study published in Current Biology, Research Foundation Professor Seung Yon "Sue" Rhee and Research Specialist Karine Prado report that T. oblongifolia actually grows more quickly under Death Valley's summer conditions. The plant accomplishes this by fine-tuning its photosynthetic system to resist the damaging effects of heat.

A Plant That Grows Stronger in the Heat

For Prado, the project began with a simple question: how can this plant remain green and healthy when most others would wither within hours?

"When we first brought these seeds back to the lab, we were fighting just to get them to grow," Prado said. "But once we managed to mimic Death Valley conditions in our growth chambers, they took off."

Working with colleagues in the Rhee lab at MSU's Plant Resilience Institute, Prado used custom-built growth chambers to reproduce the desert's harsh light and extreme daily temperature shifts. The results were astonishing. In just 10 days, T. oblongifolia tripled its biomass. Meanwhile, other related species known for their heat tolerance stopped growing entirely.




The World's Most Heat-Tolerant Plant

After only two days in extreme heat, T. oblongifolia expanded its photosynthetic comfort zone, allowing it to keep producing energy efficiently. Within two weeks, its optimal photosynthetic temperature rose to 45 degrees Celsius (113 degrees Fahrenheit) -- higher than that of any major crop on record.

"This is the most heat-tolerant plant ever documented," Rhee said. "Understanding how T. oblongifolia acclimates to heat gives us new strategies to help crops adapt to a warming planet."

How the Desert Survivor Works

Using a combination of physiological tests, live imaging, and genomic analysis, the research team uncovered how T. oblongifolia coordinates multiple biological systems to survive.

Under Death Valley-level heat, the plant's mitochondria -- the structures that generate energy -- move closer to the chloroplasts, where photosynthesis occurs. At the same time, the chloroplasts reshape into distinctive "cup-like" forms never before observed in higher plants. These adaptations may help the plant capture and recycle carbon dioxide more efficiently, maintaining energy production even under stress.




Within 24 hours of heat exposure, thousands of genes adjust their activity. Many are involved in shielding proteins, membranes, and photosynthetic machinery from damage. The plant also increases production of an enzyme known as Rubisco activase, which helps keep photosynthesis functioning smoothly at high temperatures.

Lessons for Future Agriculture

With global temperatures expected to rise by as much as 5 degrees Celsius by the end of the century, extreme heat is already reducing yields for essential crops like wheat, maize, and soybeans. As the global population grows, scientists are racing to find ways to sustain food production.

"T. oblongifolia shows us that plants have the capacity to adapt to extreme temperatures," Rhee said. "If we can learn how to replicate those mechanisms in crops, it could transform agriculture in a hotter world."

Learning From Nature's Toughest Survivors

For decades, plant biology has centered on model species that are easy to cultivate, such as Arabidopsis, rice, and maize. Rhee believes it is time to look beyond these familiar plants and study species that have evolved to endure the world's harshest environments.

"Desert plants have spent millions of years solving the challenges we're only beginning to face," she said. "We finally have the tools, such as genomics, high-resolution live imaging and systems biology, to learn from them. What we need now is broader support to pursue this kind of research."

Her lab is already applying these insights, studying how the genes and cellular structures that give T. oblongifolia its extraordinary resilience might be used to make food crops more heat-tolerant.

"This research doesn't just tell us how one desert plant beats the heat," Prado said. "It gives us a roadmap for how all plants might adapt to a changing climate."
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9,000-year-old ice melt shows how fast Antarctica can fall apart | ScienceDaily

The findings suggest that Antarctic ice retreat is not confined to one area but can spread across regions through oceanic links, amplifying ice loss on a continental scale. This process, in which meltwater from one region accelerates melting elsewhere, is known as a "cascading positive feedback." Understanding this chain reaction offers crucial insight into why Antarctic ice sheets may be inherently unstable, both in the distant past and in the modern era.

Reconstructing Ancient Ice-Sheet Collapse

The study set out to identify what caused the large-scale ice loss in East Antarctica thousands of years ago.

The East Antarctic Ice Sheet, which holds over half of Earth's freshwater, is already losing ice in some coastal zones today. Knowing how these massive ice systems responded to earlier warm periods provides valuable clues to their future under modern climate change. To trace this history, the team analyzed marine sediment cores collected from Lutzow-Holm Bay, near Japan's Syowa Station along the Soya Coast. These were combined with geological and geomorphological surveys across Dronning Maud Land.

The sediments were obtained through decades of Japanese Antarctic Research Expeditions (JARE) between 1980 and 2023, including recent sampling from the icebreaker Shirase. Using sedimentological, micropaleontological, and geochemical analyses, along with measurements of beryllium isotope ratios (10Be/9Be), the researchers reconstructed past environmental changes in the bay. Their data show that around 9,000 years ago, warm Circumpolar Deep Water (CDW) surged into the bay, leading to the collapse of floating ice shelves. Once these shelves broke apart, their loss of structural support allowed inland ice to accelerate toward the sea.

Modeling Reveals a Cascading Ocean Feedback

To determine why warm deep water intensified during that period, the researchers ran climate and ocean circulation models. These simulations showed that meltwater from other Antarctic regions, including the Ross Ice Shelf, spread throughout the Southern Ocean. This influx of freshwater freshened the surface ocean, strengthening vertical stratification and preventing cold surface water from mixing downward.




As a result, warm deep water was able to move more easily toward East Antarctica's continental shelf. This created a reinforcing cycle: meltwater increased stratification, which in turn enhanced warm-water inflow, causing even more melting. The models demonstrate that this kind of interconnected "cascading feedback" could allow melting in one sector of Antarctica to trigger or accelerate ice loss in others through large-scale ocean circulation patterns.

A Warning Echoing Across Millennia

The research provides some of the clearest evidence yet that Antarctica's ice sheet can undergo self-reinforcing, widespread melting when the planet warms. Although the event occurred in the early Holocene epoch, when global temperatures were naturally higher than during the last Ice Age, the same physical processes are relevant today.

Modern observations show that parts of the West Antarctic Ice Sheet -- such as the Thwaites and Pine Island glaciers -- are already retreating rapidly as warm deep water intrudes beneath them. If similar cascading feedbacks are happening now, localized melting could spread and accelerate overall ice loss, contributing to faster global sea-level rise.

International Collaboration and Global Implications

The project involved more than 30 institutions, including NIPR, the Geological Survey of Japan (AIST), the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), the University of Tokyo, Kochi University, Hokkaido University, and partners from New Zealand, Spain, and other countries.

This large-scale collaboration combined field surveys, marine sediment studies, cosmogenic nuclide dating, and advanced coupled climate-ocean modeling to reconstruct how the Antarctic ice-ocean system evolved.

Professor Suganuma emphasized the broader meaning of the findings: "This study provides essential data and modeling evidence that will facilitate more accurate predictions of future Antarctic ice-sheet behavior. The cascading feedbacks identified in this study serve to underscore the notion that minor regional alterations can potentially engender global ramifications."
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Life found in a place scientists thought impossible | ScienceDaily
In a new study, first author Palash Kumawat from the University of Bremen's Geosciences Department and his team investigated how microbes manage to survive in one of the planet's harshest underwater environments. They analyzed lipid biomarkers, specialized fat molecules that reveal biological activity, to uncover the organisms' survival strategies. The site's pH of 12 makes it one of the most alkaline environments ever documented, creating conditions that are exceptionally difficult for life to endure.


						
Because so few living cells exist there, detecting DNA is often impossible. Instead, the researchers used trace analysis techniques sensitive enough to identify even faint biochemical signals. "But we were able to detect fats," says Kumawat, currently a PhD candidate in the Geosciences Department. "With the help of these biomarkers we were able to obtain insights into the survival strategies of methane- and sulfate-metabolizing microbes in this extreme environment."

Microbial Clues Hidden in Deep-Sea Chemistry

Microbial life in the deep ocean plays an important role in the global carbon cycle, processing carbon and other elements far below the surface. The communities identified by Kumawat's team draw their energy not from sunlight but from minerals in rocks and gases like carbon dioxide and hydrogen, producing methane in the process -- an important greenhouse gas. These biochemical reactions occur independently of the ocean above, showing that these microbes operate in a self-contained ecosystem.

The lipid molecules also help determine whether the microbes are alive or remnants from ancient communities. Intact biomolecules suggest active or recently living cells, while degraded ones indicate fossilized "geomolecules" from long ago. Kumawat explains that combining isotope data with lipid biomarkers shows evidence of both modern and ancient microbial populations inhabiting this hostile environment. "This distinction helps us when working in areas with extremely low biomass and nutrient deficiency," he notes.

Discovering Life at the Limits

Co-author Dr. Florence Schubotz, an organic geochemist at MARUM -- Center for Marine Environmental Sciences at the University of Bremen, emphasizes how remarkable the discovery is. "What is fascinating about these findings is that life under these extreme conditions, such as high pH and low organic carbon concentrations, is even possible," she says. "Until now, the presence of methane-producing microorganisms in this system has been presumed, but could not be directly confirmed. Furthermore, it is simply exciting to obtain insights into such a microbial habitat because we suspect that primordial life could have originated at precisely such sites."

Uncovering Hidden Volcanoes Beneath the Pacific

The team's samples came from sediment cores collected in 2022 during Expedition SO 292/2 aboard the Research Vessel Sonne. During this mission, scientists discovered previously unknown mud volcanoes in the Mariana forearc region and were able to collect samples directly from them.

The work forms part of the Cluster of Excellence "The Ocean Floor -- Earth's Uncharted Interface." Building on their findings, Kumawat and his colleagues now plan to cultivate these microorganisms in controlled incubators to learn more about how they obtain nutrients and persist in such inhospitable environments.
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Microbes that breathe rust could help save Earth's oceans | ScienceDaily
An international research team led by microbiologists Marc Mussmann and Alexander Loy at the University of Vienna has uncovered a completely new type of microbial metabolism. The newly identified microorganisms, known as MISO bacteria, are able to "breathe" iron minerals by oxidizing toxic sulfide. The scientists discovered that the reaction between hydrogen sulfide -- a poisonous gas -- and solid iron minerals is not only a chemical process, but also a biological one. In this newly revealed pathway, adaptable microbes living in marine sediments and wetland soils remove toxic sulfide and use it as an energy source for growth. These bacteria may also play an important role in preventing the expansion of oxygen-depleted "dead zones" in aquatic ecosystems.


						
The findings were recently published in Nature.

How Microbes Power Earth's Element Cycles

The movement of key elements such as carbon, nitrogen, sulfur, and iron through the environment occurs through what are known as biogeochemical cycles. These transformations take place through reduction and oxidation (redox) reactions that move elements between air, water, soil, rocks, and living things. Because these cycles regulate greenhouse gases, they have a direct influence on Earth's climate and temperature balance. Microorganisms drive nearly every step of these processes, using substances like sulfur and iron for respiration in much the same way humans rely on oxygen to metabolize food.

Sulfur and iron are particularly essential for microbial communities that live in oxygen-deprived habitats such as ocean floors, wetlands, and sediments. Sulfur can exist as a gas in the atmosphere, as sulfate dissolved in seawater, or locked within mineral deposits. Iron, on the other hand, shifts between different chemical forms depending on the availability of oxygen. When microbes process sulfur, they frequently change the form of iron at the same time, creating a tightly linked relationship between the two elements. This coupling affects nutrient cycling and influences the production or consumption of greenhouse gases like carbon dioxide and methane. Understanding these connections helps scientists predict how natural systems respond to environmental changes, including pollution and global warming.

Microbes That Use Iron to Eliminate Toxic Sulfide

In oxygen-poor settings such as marine sediments, wetlands, and underground aquifers, certain microbes produce hydrogen sulfide, a foul-smelling and highly toxic gas. Interactions between this sulfide and iron(III) oxide minerals -- essentially rust -- help keep sulfide levels under control. Until now, scientists thought this process happened only through chemical reactions that created elemental sulfur and iron monosulfide (FeS), the black mineral responsible for the dark color of low-oxygen beach sands.




"We show that this environmentally important redox reaction is not solely chemical," says Alexander Loy, research group leader at CeMESS, the Centre for Microbiology and Environmental Systems Science at the University of Vienna. "Microorganisms can also harness it for growth."

The team's discovery reveals a new form of microbial energy production called MISO. This process connects the reduction of iron(III) oxide with the oxidation of sulfide. Unlike a purely chemical reaction, MISO directly generates sulfate, skipping intermediate steps in the sulfur cycle. "MISO bacteria remove toxic sulfide and may help prevent the expansion of so-called 'dead zones' in aquatic environments, while fixing carbon dioxide for growth -- similar to plants," adds Marc Mussmann, senior scientist at CeMESS.

A Fast, Widespread Process That Shapes the Planet

In laboratory experiments, the researchers found that the MISO reaction carried out by microbes happens faster than the same reaction when it occurs chemically. This indicates that microorganisms are likely the main force behind this transformation in natural environments. "Diverse bacteria and archaea possess the genetic capacity for MISO," explains lead author Song-Can Chen, "and they are found in a wide range of natural and human-made environments."

According to the study, MISO activity in marine sediments could be responsible for as much as 7% of all global sulfide oxidation to sulfate. This process is fueled by the steady flow of reactive iron entering the oceans from rivers and melting glaciers. The research, supported by the Austrian Science Fund (FWF) as part of the 'Microbiomes Drive Planetary Health' Cluster of Excellence, identifies a new biological mechanism linking the cycling of sulfur, iron, and carbon in oxygen-free environments.

"This discovery demonstrates the metabolic ingenuity of microorganisms and highlights their indispensable role in shaping Earth's global element cycles," concludes Alexander Loy.
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New bacterial therapy destroys cancer without the immune system | ScienceDaily
A research team led by Professor Eijiro Miyako at the Japan Advanced Institute of Science and Technology (JAIST), in collaboration with Daiichi Sankyo Co., Ltd. and the University of Tsukuba, has created an innovative cancer treatment that works without relying on the immune system. The new approach uses a unique microbial partnership known as AUN, forming the foundation of an immune-independent bacterial therapy.


						
The concept of bacterial cancer therapy dates back to 1868, when German physician Busch reported that a cancer patient deliberately infected with bacteria later experienced remission. In 1893, Dr. William Coley further advanced this idea by developing bacterial-based treatments, paving the way for modern immunotherapies such as checkpoint inhibitors and CAR-T cell therapies.

While these treatments have transformed cancer care, they share a major drawback: they depend heavily on the immune system. For patients whose immunity is weakened by chemotherapy or radiotherapy, such therapies often fail to work effectively.

AUN: Two Bacteria in Perfect Balance

The newly developed AUN therapy directly overcomes this limitation. It is made up of two naturally occurring bacterial species:
    	Proteus mirabilis (A-gyo), a bacterium that naturally resides in tumors
    	Rhodopseudomonas palustris (UN-gyo), a photosynthetic bacterium

Together, these bacteria act in harmony to destroy cancer cells in both animal and human models. Remarkably, they succeed even when immune function is impaired. AUN has shown strong compatibility with the human body and few side effects, including suppression of cytokine release syndrome (CRS), a potentially dangerous immune reaction.

How AUN Works to Eliminate Tumors

The AUN consortium achieves its tumor-fighting power through a series of coordinated mechanisms:
    	Precisely targeting and destroying tumor blood vessels and cancer cells
    	Undergoing a structural transformation in A-gyo (filamentation) triggered by tumor-specific metabolites, which enhances its ability to kill cancer cells
    	Adjusting the bacterial ratio inside the tumor environment, shifting from an initial mix of roughly 3:97 (A-gyo to UN-gyo) to about 99:1, maximizing its therapeutic strength
    	Reducing toxicity and minimizing side effects, including avoidance of CRS




Harmony Between Opposites

UN-gyo only becomes active and beneficial when paired with A-gyo, serving as a regulator that curbs harmful bacterial activity while increasing their cancer-killing precision. This mutual cooperation embodies the Japanese concept of "AUN," symbolizing balance and harmony between opposites. It is this finely tuned relationship that gives the therapy its exceptional results, achieving what traditional immune-dependent treatments could not.

Toward Clinical Trials and a New Era in Cancer Therapy

"We are preparing to launch a startup to advance this technology and hope to begin clinical trials within six years," explained Professor Miyako. "A new chapter in bacteria-based cancer therapy -- pursued for over 150 years -- is finally beginning."

This groundbreaking method marks a turning point for cancer patients with weakened immune systems. It offers a long-sought option where conventional immunotherapies fall short, signaling the arrival of truly immune-independent cancer treatment.

The findings have been published in Nature Biomedical Engineering.
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AI unravels the hidden communication of gut microbes | ScienceDaily
Gut bacteria play a major role in human health, influencing everything from digestion to immunity and mood. Yet, the microbiome's complexity is staggering. The sheer number of bacterial species and their interactions with human chemistry have made it difficult for scientists to fully understand their effects. In a groundbreaking step, researchers at the University of Tokyo applied a type of artificial intelligence known as a Bayesian neural network to study gut bacteria. Their goal was to uncover connections that traditional data analysis methods often miss.


						
While the human body contains roughly 30 to 40 trillion human cells, the intestines alone harbor about 100 trillion bacterial cells. In other words, we carry more bacterial cells than our own. These microbes aren't just involved in digestion; they also produce and modify thousands of compounds called metabolites. These small molecules act as chemical messengers, circulating through the body and influencing metabolism, immunity, and even brain function. Understanding how specific bacteria produce particular metabolites could unlock new ways to support overall health.

Mapping the Microbial Puzzle

"The problem is that we're only beginning to understand which bacteria produce which human metabolites and how these relationships change in different diseases," explained Project Researcher Tung Dang from the Tsunoda lab in the Department of Biological Sciences. "By accurately mapping these bacteria-chemical relationships, we could potentially develop personalized treatments. Imagine being able to grow a specific bacterium to produce beneficial human metabolites or designing targeted therapies that modify these metabolites to treat diseases."

The main challenge lies in the sheer scale of the data. With countless bacteria and metabolites interacting in complex ways, identifying meaningful patterns is extremely difficult. To tackle this, Dang and his team turned to advanced artificial intelligence (AI) methods.

Their system, called VBayesMM, uses a Bayesian approach to detect which bacterial groups significantly influence particular metabolites. It also measures uncertainty in its predictions, helping prevent overconfident but incorrect conclusions. "When tested on real data from sleep disorder, obesity and cancer studies, our approach consistently outperformed existing methods and identified specific bacterial families that align with known biological processes," said Dang. "[This gives] confidence that it discovers real biological relationships rather than meaningless statistical patterns."

Understanding the System's Strengths and Limits

Because VBayesMM can recognize and communicate uncertainty, it provides researchers with more trustworthy insights than earlier tools. Although it's optimized for large-scale data, analyzing massive microbiome datasets remains computationally demanding. Over time, however, these costs are expected to decrease as processing power improves. The system also performs best when there is extensive bacterial data compared to metabolite data; otherwise, accuracy can drop. Another limitation is that VBayesMM treats bacteria as independent actors, even though they often interact in complex, interdependent networks.

"We plan to work with more comprehensive chemical datasets that capture the complete range of bacterial products, though this creates new challenges in determining whether chemicals come from bacteria, the human body or external sources like diet," said Dang. "We also aim to make VBayesMM more robust when analyzing diverse patient populations, incorporating bacterial 'family tree' relationships to make better predictions, and further reducing the computational time needed for analysis. For clinical applications, the ultimate goal is identifying specific bacterial targets for treatments or dietary interventions that could actually help patients, moving from basic research toward practical medical applications."

By using AI to navigate the vast and intricate world of gut microbes, researchers are moving closer to unlocking the microbiome's potential to transform personalized medicine.
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DNA in seawater reveals lost hammerhead sharks | ScienceDaily
A scientist at Florida International University (FIU) has created a revolutionary test that can detect small, hard-to-find hammerhead sharks without ever spotting them in the water -- a breakthrough that could help save species on the edge of extinction.


						
This innovative method identifies traces of the sharks' presence without catching or disturbing them. Acting like faint biological footprints left in the sea, it detects fragments of genetic material floating in the water to reveal where the sharks have been. In a recent study published in Frontiers in Marine Science, FIU marine biologist Diego Cardenosa, who works with FIU's Institute of Environment and the Global Forensic and Justice Center, demonstrated how the new test can help scientists locate and protect endangered shark species.

Tracking Elusive and Endangered Species

Smaller hammerhead species such as the scalloped bonnethead, scoophead, and Pacific bonnethead have been devastated by overfishing, leaving so few that researchers struggle to find or study them. Their habitats and movements remain poorly understood, making conservation difficult. Cardenosa's new environmental DNA (eDNA) technique could finally change that by helping scientists pinpoint where these critically endangered sharks still live.

"Just by screening different locations along their distribution range from Mexico to Northern Peru, we can identify high-priority areas where conservation resources might be needed," Cardenosa explained. "The short-term goal is to find these three species, as they're likely among the most critically endangered coastal sharks in the world."

Searching for the Last Refuges

Cardenosa believes these species were once common before decades of overfishing drastically reduced their populations. They now survive mostly in shallow, remote coastal regions that are difficult to monitor and where fishing regulations are weak. His research focuses on Colombia's Uramba/Bahia Malaga National Natural Park, one of the few places where these sharks might still be found.




"You can drop a hook and line there and, within 10 minutes, catch one or two of these species," he said. In most other places, sightings are nearly nonexistent. The scalloped bonnethead was last seen in Mexico in 1994, while the scoophead was last documented in 2007. In Honduras, one of these species was recently rediscovered after decades without a single record.

"That's how hard it is to find them," Cardenosa said. "It's on us if we want to act to protect them or if we just let them slip away."

Preserving a Piece of Evolutionary History

For Cardenosa, the mission is about more than conservation.

"A lot of these are some of the most derived or newest shark species on the evolutionary scale," he said. "If they disappear, we're also losing a piece of our planet's evolutionary history. Extinction is forever, and that's enough reason for me to do something."

A Powerful Tool for the Future of Marine Science

Cardenosa hopes his work will inspire greater awareness and appreciation for these often-overlooked sharks and demonstrate the power of environmental DNA.

"It's fascinating that you can take a simple water sample and know whether a species was there or not," he said.

By revealing where hammerheads still exist, this research helps guide conservation priorities and maximize the impact of protection efforts. Beyond hammerheads, the same water samples can hold genetic information about other marine life. Once collected, the DNA can be preserved in laboratories for years, allowing future scientists to study additional species that once swam through the same waters.
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Laser satellites expose a secret Antarctic carbon burst | ScienceDaily
A team of scientists has found that the Southern Ocean emits far more carbon dioxide (CO2) during the lightless Antarctic winter than researchers once believed. According to their new study, this wintertime release of CO2 has been underestimated by as much as 40%.


						
The research was led by scientists from the Second Institute of Oceanography, Ministry of Natural Resources (SIO-MNR), and the Nanjing Institute of Geography and Limnology (NIGLAS) of the Chinese Academy of Sciences. Their results were published in Science Advances on Nov. 5.

The Ocean's Role in Earth's Carbon Balance

The Southern Ocean is a major regulator of the global carbon cycle, absorbing a large share of the carbon released by human activity. Yet despite its importance, it remains the "largest source of uncertainty" in global CO2 flux calculations.

That uncertainty comes from a lack of winter observations. For months each year, the Southern Ocean lies in complete darkness and is lashed by extreme weather, making direct measurement nearly impossible. During this time, the region becomes an "observational black box." Traditional satellites, which depend on reflected sunlight (passive sensors) to detect ocean properties, cannot collect data under these conditions, leaving scientists reliant on incomplete or estimated models.

Using Lasers to See in the Dark

To overcome this limitation, the researchers used an advanced approach that combined 14 years of data from a laser-based satellite instrument called LIDAR (on the CALIPSO mission) with machine learning analysis.




LIDAR, unlike passive sensors, sends out its own light signals, working similarly to radar but with lasers instead of radio waves. This technology allowed the team to observe the ocean even during the polar night and create the first continuous, observation-based record of winter CO2 exchange in the Southern Ocean.

The results revealed that earlier estimates had missed nearly 40% of the Southern Ocean's wintertime CO2 output. "Our findings suggest that the Southern Ocean's role in the global carbon cycle is more complex and dynamic than previously known," said Prof. Kun Shi of NIGLAS.

Rethinking the Ocean's Carbon Dynamics

Beyond updating the numbers, the study redefines how scientists understand carbon movement in the Southern Ocean. The team introduced a new "three-loop framework" to explain how CO2 exchange varies across different regions.

In the Antarctic Loop (south of 60degS), physical factors such as sea ice and salinity are the main drivers of CO2 exchange. In the Polar Front Loop (45degS-60degS), the interaction between atmospheric CO2 and biological activity (chlorophyll) becomes more influential. Meanwhile, in the Subpolar Loop (north of 45degS), sea surface temperature plays the dominant role.

Global Climate Implications

Filling this long-standing data gap could lead to more accurate global carbon budgets, which form the foundation of climate projections used by organizations such as the Intergovernmental Panel on Climate Change (IPCC).

This research highlights the power of combining active satellite sensing with machine learning to study the planet's most remote and dynamic regions, opening new possibilities for understanding the Earth's climate system year-round.
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Deep-sea mining starves life in the ocean's twilight zone | ScienceDaily
A new study from the University of Hawai'i (UH) at Manoa, published on November 6 in Nature Communications, provides the first direct evidence that waste from deep-sea mining could disrupt vital ecosystems in the Pacific Ocean's Clarion-Clipperton Zone (CCZ). This area, one of the most biologically rich regions of the deep sea, is now the focus of growing industrial interest. Researchers found that sediment discharged during mining operations could harm marine life in the midwater "twilight zone," a key habitat between 200 and 1,500 meters below the surface that supports vast populations of tiny drifting animals called zooplankton -- the foundation of the ocean's food web.


						
The team determined that 53% of zooplankton and 60% of micronekton, which feed on zooplankton, would be affected by mining waste discharge. Such disturbances could ripple through the food chain, ultimately impacting larger predators such as fish, seabirds, and marine mammals.

Murky Plumes and "Junk Food" Sediment

"When the waste released by mining activity enters the ocean, it creates water as murky as the mud-filled Mississippi River. The pervasive particles dilute the nutritious, natural food particles usually consumed by tiny, drifting Zooplankton," said Michael Dowd, lead author of the study and a graduate student in Oceanography at the UH Manoa School of Ocean and Earth Science and Technology (SOEST).

"Micronekton, small shrimp, fish and other animals that swim, feed on zooplankton. Some migrate between the depths and near surface waters and they are consumed by fish, seabirds and marine mammals. Zooplankton's exposure to junk food sediment has the potential to disrupt the entire food web."

Measuring the Nutritional Impact of Deep-Sea Mining

The research, titled "Deep-sea mining discharge can disrupt midwater food webs," examined the effects of sediment plumes released during a 2022 mining test in the CCZ. This vast region is targeted for the extraction of polymetallic nodules that contain valuable minerals such as cobalt, nickel, and copper -- key components for electric vehicles and renewable technologies.




By collecting and analyzing water samples from the depths where waste was discharged, the scientists found that mining particles contained far fewer amino acids, an important measure of nutritional quality, than the natural particles that typically nourish marine organisms.

"This isn't just about mining the seafloor; it's about reducing the food for entire communities in the deep sea," said co-author Erica Goetze, a SOEST oceanography professor and marine zooplankton specialist. "We found that many animals at the depth of discharge depend on naturally occurring small detrital particles -- the very food that mining plume particles replace."

At present, around 1.5 million square kilometers of the CCZ are licensed for deep-sea mining exploration, reflecting the surge in global demand for minerals used in low-carbon technologies.

Disrupting an Ecosystem Built on Scarcity

During the mining process, nodules are collected from the seafloor along with surrounding sediments and seawater, then pumped to a surface vessel where nodules are separated from the waste material. The leftover sediment and fine nodule fragments are then released back into the ocean. Some companies have proposed releasing this waste within the twilight zone, but the environmental consequences of such practices have remained largely unknown -- until now.

These findings underscore a major regulatory gap, as no international rules currently govern where or how mining waste can be discharged.




The twilight zone teems with life, including krill, squid, fish, octopus, and delicate jelly-like species. Many of these organisms travel upward toward the surface each night to feed and then descend again by day, transporting carbon to the deep ocean in the process. This vertical migration helps maintain the planet's carbon balance and supports the health of marine ecosystems worldwide.

"Our research suggests that mining plumes don't just create cloudy water -- they change the quality of what's available to eat, especially for animals that can't easily swim away," said co-author Jeffrey Drazen, a deep-sea ecologist and SOEST professor of oceanography. "It's like dumping empty calories into a system that's been running on a finely tuned diet for hundreds of years."

Global Implications for Marine Food Webs

The study raises concerns that large-scale mining could trigger widespread and long-lasting changes in ocean ecosystems if it proceeds without strict safeguards. Even commercial fisheries could be affected; for instance, tuna populations migrate through the CCZ, meaning the impacts of mining could extend to seafood consumed around the world.

"Deep-sea mining has not yet begun at a commercial scale, so this is our chance to make informed decisions," said co-author Brian Popp, SOEST professor of Earth sciences and an expert in marine stable isotope biogeochemistry. "If we don't understand what's at stake in the midwater, we risk harming ecosystems we're only just beginning to study."

A Call for Responsible Regulation

The authors hope their results will guide policy discussions currently underway at the International Seabed Authority and inform environmental reviews conducted by the National Oceanic and Atmospheric Administration. They stress the importance of developing international rules to protect marine ecosystems from surface waters to the deep sea.

"Before commercial deep-sea mining begins, it is essential to carefully consider the depth at which mining waste is discharged," added Drazen. "The fate of these mining waste plumes and their impact on ocean ecosystems varies with depth, and improper discharge could cause harm to communities from the surface to the seafloor."

Additional contributors to the study include UH Manoa oceanography graduate students Victoria Assad and Alexus Cazares-Nuesser, and oceanography professor Angelicque White.
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New Neanderthal footprints in Portugal reveal a life we never expected | ScienceDaily
An international team of researchers has identified a previously unknown Neanderthal site on the southern edge of the Iberian Peninsula, located along Portugal's Algarve coast. The findings, published in the journal Scientific Reports by Nature Publishing Group, describe the earliest evidence of Neanderthal hominids in Portugal. This discovery marks an important step forward in understanding how early humans occupied the Atlantic coastline of the Iberian Peninsula during the Pleistocene.


						
The project is directed by Carlos Neto de Carvalho, a geologist and palaeontologist at IDL-University of Lisbon and scientific coordinator of the Naturtejo UNESCO Global Geopark, with contributions from Fernando Muniz Guinea, a professor in the Department of Crystallography, Mineralogy and Agricultural Chemistry at the University of Seville. Researchers from institutions in Portugal, Spain, Gibraltar, Italy, Denmark and China also took part. Neto de Carvalho and Muniz describe the work as an "interdisciplinary study on the ecological and behavioral analysis of the fossilized footprint record in southern Portugal."

Early Neanderthal footprints discovered on the Algarve coast

The earliest Neanderthal footprints known from Portugal were found in two Algarve locations: Praia do Monte Clerigo, where the geological layers date to about 78,000 years ago, and Praia do Telheiro, dated to roughly 82,000 years. At Monte Clerigo, researchers identified 5 trackways and 26 individual footprints created by adults and by children slightly over a year old on the slope of what was once a coastal dune. Praia do Telheiro revealed a single footprint attributed to either a teenager or an adult woman, found near fossilized bird tracks that are typical of rocky and coastal habitats.

Why footprints offer unique scientific insight

Neanderthal footprints preserve information that other archaeological remains, such as bones or tools, often cannot provide. Imprinted in sediments or sedimentary rock, they record a specific moment of activity and confirm the exact location where an individual stood or moved. Artifacts, in contrast, may be displaced or left behind long after their original use.

"Footprints record a specific moment, almost instantaneously, allowing us to reconstruct what was happening; for example, a group walk, a chase, a flight, or presence in a particular landscape. The footprints show how Neanderthals used space, how they explored coastal environments, forests, dunes or riverbanks, something that is difficult to infer solely from artifacts," explain Neto de Carvalho and Muniz.




Reconstructing group behavior, movement and social structure

By studying the size and arrangement of the footprints, researchers can estimate how many individuals were present, the range of ages represented (children, adolescents, adults) and even potential task division within the group (e.g. a hunting party). Footprints left by infants and very young children, which are typically rare in the archaeological record, add valuable information about family groups and social organization. As the authors note, "footprints offer a unique and dynamic window into everyday behavior: a snapshot of life tens of thousands of years ago."

The trackways also show how Neanderthals moved through different types of terrain, revealing decisions about route selection, proximity to their base camp and possible hunting strategies. In one case, human footprints appear alongside deer tracks created at the same time, supporting the idea of pursuit or ambush activity within the dune environment.

Insights into Neanderthal diet along the Iberian coast

In addition to the footprint analysis, the researchers used ecological network analysis based on mathematical network theory to compare data from this site with other coastal archaeological locations in the Iberian Peninsula. These comparisons show that the Neanderthal diet in these regions relied heavily on deer, horses and hares, along with marine and coastal foods, pointing to a wide-ranging and adaptable approach to gathering resources.

These results reveal that Neanderthals living along the Atlantic coast were more flexible and environmentally skilled than previously understood. The study offers a detailed look at their mobility, behavior and social interactions, highlighting a level of ecological and cognitive adaptability that adds new depth to the story of Neanderthal life.
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AI revives lost 3,000-year-old Babylonian hymn | ScienceDaily
A long-lost hymn of praise dating back to around 1000 BCE has been identified through modern technology. Professor Enrique Jimenez of LMU uncovered the text and linked it to 30 additional manuscripts using artificial intelligence.


						
Working in partnership with the University of Baghdad, Professor Jimenez rediscovered a Babylonian text that had remained hidden for more than a millennium. "It's a fascinating hymn that describes Babylon in all its majesty and gives insights into the lives of its inhabitants, male and female," he explained. Founded around 2000 BCE in Mesopotamia, Babylon grew into the largest city of its time and became a thriving center of culture and scholarship. Many of its writings remain cornerstones of the world's literary heritage.

Preserving Babylon's Written Legacy

Babylonian works were inscribed in cuneiform on clay tablets, many of which have survived only in fragments. One of the key goals of the LMU-Baghdad collaboration is to decipher hundreds of cuneiform tablets from the renowned Sippar Library and ensure their preservation. According to legend, Noah concealed these tablets there before the flood.

Through the Electronic Babylonian Library Platform, Jimenez and his team are digitally archiving all known cuneiform fragments from around the world. Artificial intelligence helps match pieces that belong together, revealing connections long missed by scholars. "Using our AI-supported platform, we managed to identify 30 other manuscripts that belong to the rediscovered hymn -- a process that would formerly have taken decades," said Jimenez, who teaches at LMU's Institute of Assyriology. The additional fragments made it possible to fully reconstruct the hymn, including sections that were previously incomplete.

Insights Into Babylonian Society and Daily Life

The discovery of so many copies suggests that the hymn was widely known in its time. "The hymn was copied by children at school. It's unusual that such a popular text in its day was unknown to us before now," noted Jimenez. The poem, dating from the early first millennium BCE, contains around 250 lines.

"It was written by a Babylonian who wanted to praise his city. The author describes the buildings in the city, but also how the waters of the Euphrates bring the spring and green the fields. This is all the more spectacular as surviving Mesopotamian literature is sparing in its descriptions of natural phenomena," said Jimenez. The text also sheds light on women's roles in Babylon, including priestly duties that were previously undocumented. Moreover, the hymn portrays a society that valued respect and hospitality toward foreigners -- an aspect rarely detailed in ancient literature.

A Legacy Preserved in Stone and Song

Today, the ruins of Babylon lie about 85 kilometers south of Baghdad, Iraq. Recognized as a UNESCO World Heritage Site, the city's remnants continue to tell stories of a civilization whose voice, after 3,000 years, can once again be heard.
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This 14th century story fooled the world about the Black Death | ScienceDaily
Researchers have traced long-standing myths about the rapid spread of the Black Death across Asia to a single source from the fourteenth century.


						
For centuries, depictions of the plague racing along the Silk Route, devastating cities and towns in its path, have been based on a misunderstanding of a rhyming story rather than a historical record.

The work in question is a "maqama" -- an Arabic literary form that often features a wandering "trickster." Written by the poet and historian Ibn al-Wardi in Aleppo in 1348/9, the piece was later mistaken for an eyewitness account of how the disease traveled across the continent.

A Story Mistaken for Science

Modern genetic evidence suggests that the bacteria responsible for the Black Death most likely originated in Central Asia. Some scientists, influenced by Ibn al-Wardi's narrative, still argue that the plague spread from Kyrgyzstan to the Black and Mediterranean seas in less than ten years, setting off the catastrophic pandemic that swept Western Eurasia and North Africa in the late 1340s. This interpretation, sometimes referred to as the "Quick Transit Theory," rests heavily on taking Ibn al-Wardi's poetic work literally.

The new study challenges this idea, questioning whether it is realistic that the bacterium could have traveled more than 3,000 miles in just a few years and caused such a widespread outbreak between 1347 and 1350.

A Trickster Plague and a Century of Confusion

In his maqama, Ibn al-Wardi personifies the plague as a mischievous wanderer who brings death to one region after another over a 15-year journey. The tale begins beyond China, moves through India, Central Asia, and Persia, and finally reaches the Black Sea, the Mediterranean, Egypt, and the Levant. Because the author later quoted sections of this story in his historical writing, many later readers assumed it was factual.




According to researchers Muhammed Omar, a PhD candidate in Arab and Islamic Studies, and Nahyan Fancy, a historian of Islamic medicine at the University of Exeter, the confusion began in the fifteenth century when Arab chroniclers -- and later European historians -- started to treat the story as a literal account of the Black Death's spread.

The Text at the Center of a Historical Web

Professor Fancy explained: "All roads to the factually incorrect description of the spread of the plague lead back to this one text. It's like it is in the centre of a spider's web of the myths about how the Black Death moved across the region.

"The entire trans-Asian movement of plague and its arrival in Egypt prior to Syria has always been and continues to be based upon Ibn al-Wardi's singular Risala, which is unsubstantiated by other contemporary chronicles and even maqamas. The text was written just to highlight the fact the plague travelled, and tricked people. It should not be taken literally."

The Cultural Role of the Maqama

The maqama genre emerged in the late tenth century and became especially popular from the twelfth century onward. During the fourteenth century, Mamluk writers in the Islamic world particularly valued the style, and many of their works -- including those about the plague -- survive today in libraries around the world. These stories were intended to be performed or read aloud in a single sitting.




Ibn al-Wardi's Risala was one of at least three plague-themed maqamas written in 1348-49. The study highlights how such texts offer insight not into the disease's route, but into how people of the time coped with unimaginable loss and upheaval.

Revisiting Earlier Outbreaks

Recognizing Ibn al-Wardi's work as a fictional composition allows historians to shift focus toward earlier, lesser-known epidemics, such as those that struck Damascus in 1258 and Kaifeng in 1232-33. Scholars can now explore how communities remembered these earlier crises and how such memories influenced later understandings of the Black Death.

Finding Humanity in Historical Crisis

Professor Fancy added: "These writings can help us understand how creativity may have been a way to exercise some control and served as a coping mechanism at this time of widespread death, similar to the way people developed new culinary skills or artistic skills during the Covid-19 pandemic.

"These maqamas may not give us accurate information about the how the Black Death spread. But the texts are phenomenal because they help us see how people at the time were living with this awful crisis."
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Physicists prove the Universe isn't a simulation after all | ScienceDaily
The idea that our universe might be nothing more than an elaborate computer simulation has been a favorite theme in science fiction for decades. Yet new research from UBC Okanagan suggests that not only is this concept implausible -- it is mathematically impossible.


						
Dr. Mir Faizal, an Adjunct Professor at UBC Okanagan's Irving K. Barber Faculty of Science, and his collaborators, Drs. Lawrence M. Krauss, Arshid Shabir, and Francesco Marino, have shown that the underlying fabric of reality operates in a way no computer could ever replicate.

Their study, published in the Journal of Holography Applications in Physics, doesn't just dispute the idea of a simulated universe like The Matrix. It goes further, demonstrating that the cosmos itself is built upon a kind of understanding that lies outside the reach of any algorithm.

The Simulation Hypothesis Meets Mathematics

"It has been suggested that the universe could be simulated. If such a simulation were possible, the simulated universe could itself give rise to life, which in turn might create its own simulation. This recursive possibility makes it seem highly unlikely that our universe is the original one, rather than a simulation nested within another simulation," says Dr. Faizal. "This idea was once thought to lie beyond the reach of scientific inquiry. However, our recent research has demonstrated that it can, in fact, be scientifically addressed."

The team's findings rest on the evolving understanding of what reality truly is. Physics has moved far beyond Isaac Newton's view of solid objects moving through space. Einstein's theory of relativity replaced that classical model, and quantum mechanics transformed it yet again. Now, at the forefront of theoretical physics, quantum gravity proposes that even space and time are not fundamental elements. Instead, they arise from something deeper -- pure information.

The Hidden Realm Beneath Reality

Physicists describe this informational layer as a "Platonic realm," a mathematical foundation more real than the physical world we perceive. According to the new research, it is from this realm that space and time themselves emerge.




However, the scientists demonstrated that even this information-based structure cannot fully describe reality through computation alone. By applying advanced mathematical principles, including Godel's incompleteness theorem, they proved that any consistent and complete model of existence requires what they call "non-algorithmic understanding."

To grasp this idea, imagine how a computer works -- it follows a set of defined instructions step by step. Yet, some truths exist that cannot be reached by following any sequence of logical operations. These are known as "Godelian truths," and while they are real, they cannot be proven using computation.

Where Computation Fails

Consider the statement, "This true statement is not provable." If it were provable, it would be false, contradicting logic. If it cannot be proven, then it is true, which means any logical system attempting to prove it is incomplete. In either case, computation alone falls short.

"We have demonstrated that it is impossible to describe all aspects of physical reality using a computational theory of quantum gravity," says Dr. Faizal. "Therefore, no physically complete and consistent theory of everything can be derived from computation alone. Rather, it requires a non-algorithmic understanding, which is more fundamental than the computational laws of quantum gravity and therefore more fundamental than spacetime itself."

Why the Universe Cannot Be Simulated

If the underlying rules of the Platonic realm seem similar to those governing a computer simulation, could that realm itself be simulated? The answer, according to the researchers, is no.




"Drawing on mathematical theorems related to incompleteness and indefinability, we demonstrate that a fully consistent and complete description of reality cannot be achieved through computation alone," explains Dr. Faizal. "It requires non-algorithmic understanding, which by definition is beyond algorithmic computation and therefore cannot be simulated. Hence, this universe cannot be a simulation."

Co-author Dr. Lawrence M. Krauss notes that the implications of this finding extend deep into the foundations of physics. "The fundamental laws of physics cannot be contained within space and time, because they generate them. It has long been hoped, however, that a truly fundamental theory of everything could eventually describe all physical phenomena through computations grounded in these laws. Yet we have demonstrated that this is not possible. A complete and consistent description of reality requires something deeper -- a form of understanding known as non-algorithmic understanding."

Reality Beyond Algorithms

As Dr. Faizal summarizes, "Any simulation is inherently algorithmic -- it must follow programmed rules. But since the fundamental level of reality is based on non-algorithmic understanding, the universe cannot be, and could never be, a simulation."

For years, the simulation hypothesis was regarded as untestable, confined to the realms of philosophy and speculative fiction. This new research, however, anchors it firmly in mathematical and physical theory -- delivering what may be the final, definitive answer to one of science's most intriguing questions.
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Archaeologists may have finally solved Peru's strange "Band of Holes" mystery | ScienceDaily
    	In southern Peru's Pisco Valley, Monte Sierpe -- also known as the "Band of Holes" -- features thousands of perfectly aligned circular pits whose true purpose has long puzzled scientists.
    	New research combining microbotanical analysis and high-resolution drone imagery offers fresh insight into how and why this mysterious site was built.
    	Evidence suggests Monte Sierpe may have first served as a bustling pre-Inca marketplace where traders, farmers, and travelers exchanged goods and ideas.
    	Later, under Inca rule, it might have evolved into a sophisticated accounting and tribute system used to manage resources and record exchanges across the empire.

Clues Emerge in the Mystery of Peru's "Band of Holes"

Researchers from the University of Sydney have found new evidence that could finally explain one of the Andes' most puzzling archaeological sites. Monte Sierpe (translated as "serpent mountain" and often called the "Band of Holes") lies in Peru's Pisco Valley and features more than 5,000 carefully aligned circular depressions carved into the desert hills.

This unusual formation has fascinated and mystified both scientists and the public for decades.

Lead author Dr. Jacob Bongers, a digital archaeologist at the University of Sydney, asked, "Why would ancient peoples make over 5,000 holes in the foothills of southern Peru? Were they gardens? Did they capture water? Did they have an agricultural function? We don't know why they are here, but we have produced some promising new data that yield important clues and support novel theories about the site's use."

Using advanced drone technology, his team mapped the site and found numerical patterns in the layout that suggest deliberate design rather than random placement.

The researchers were astonished to discover that the layout of Monte Sierpe mirrors the structure of an Inca khipu (a knotted-string device used for recording information) found in the same valley.




"This is an extraordinary discovery that expands understandings about the origins and diversity of Indigenous accounting practices within and beyond the Andes," said Dr. Bongers.

Ancient Plants Reveal Trade and Transport Clues

Soil samples from the holes revealed traces of maize (corn), one of the Andes' most essential crops, along with reeds that were traditionally used for weaving baskets. These findings show that ancient people placed plant materials into the holes, possibly using woven containers for transport.

"This is very intriguing," Dr. Bongers said. "Perhaps this was a pre-Inca marketplace, like a flea market. We know the pre-Hispanic population here was around 100,000 people. Perhaps mobile traders (seafaring merchants and llama caravans), specialists (farmers and fisherfolk), and others were coming together at the site to exchange local goods such as corn and cotton. Fundamentally, I view these holes as a type of social technology that brought people together, and later became a large-scale accounting system under the Inca Empire.

"There are still many more questions -- why is this monument only seen here and not all over the Andes? Was Monte Sierpe a sort of 'landscape khipu'? -- but we are getting closer to understanding this mysterious site. It is very exciting."

The team's findings were published on November 10 in the journal Antiquity.




Stretching for about 1.5 kilometers across the Pisco Valley in southern Peru, Monte Sierpe consists of roughly 5,200 uniform holes, each 1-2 meters wide and 0.5-1 meter deep, arranged in rows and divided into distinct sections.

The site first gained widespread attention in 1933 when aerial photos appeared in National Geographic, but its true purpose has remained uncertain ever since.

"Hypotheses regarding Monte Sierpe's purpose range from defense, storage, and accounting to water collection, fog capture and gardening, yet the true function of the site remains unclear," said Dr. Bongers.

Drones and Soil Analysis Offer New Clues

To better understand this enigmatic feature of Peru's landscape, Dr. Bongers and an international research team combined drone-based aerial photography with microbotanical analysis of sediments collected from the holes. These complementary approaches revealed new details about how the site was organized and used, both at a fine scale and across the broader landscape.

Together, the data support a new interpretation of Monte Sierpe as an Indigenous center for barter and exchange that may have evolved into an accounting system under Inca rule.

Monte Sierpe's location adds weight to this idea. It sits between two Inca administrative centers and near a crossroads of pre-Hispanic roads. The area occupies a transitional ecological zone (chaupiyunga) between the Andes highlands and the lower coastal plain, an ideal meeting ground for trade between regions.

These findings suggest that the pre-Inca Chincha Kingdom may have built Monte Sierpe for organized barter and trading, and that the Inca later repurposed it for accounting and tribute collection.

"This research contributes an important Andean case study on how past communities modified landscapes to bring people together and promote interaction," said Dr. Bongers.

International Collaboration and Technological Innovation

Dr. Jacob Bongers specializes in drone-based archaeological mapping and is the Tom Austen Brown Postdoctoral Research Associate in Archaeology at the University of Sydney. He is also a core member of the Vere Gordon Childe Centre (VGCC), which unites experts across disciplines to study humanity through time. In addition, he is a Visiting Research Fellow at the Australian Museum Research Institute.

Professor Kirsten McKenzie, Director of the VGCC, praised his work: "We are all hugely proud of his achievement. Monte Sierpe is a high-profile site that attracts a lot of popular commentary online, including misinformation that threatens to overshadow Indigenous knowledge bases and community ownership over history and heritage.

"Dr. Bongers' team brought to light an incredible example of Indigenous accounting and exchange through interdisciplinary research and diverse expertise, highlighting how cutting-edge technologies and analyses lead to a completely novel understanding of Andean communities in the past."

Professor Charles Stanish, senior co-author from the University of South Florida, noted that despite its fame, Monte Sierpe had seen little professional archaeological study since its discovery in the 1930s and limited surveys in the 1970s. "The site is isolated and not threatened by development. As a result, there has not been a sense of urgency," he explained.

That changed with the advent of drone imaging. "With the recent availability of drone technology, archaeologists detected mathematical patterning in the layout of the holes. This is a spectacular find. Combined with discoveries in the Canete Valley 75 kilometers north of Inca storage sites with precisely aligned products on the ground in carefully drawn squares, interest in the Band of Holes skyrocketed."

Professor Stanish added that the site has long drawn public fascination, but reliable data was scarce. "The site has always been very prominent in the pseudoarcheology world with rampant speculation and mischaracterization of the data on the ground. One of the benefits of scientific work is the debunking of unsubstantiated claims that in many ways deprive Indigenous peoples' rightful ownership of their past."

Mapping the Andes' Hidden Patterns

Before drone surveys, it was nearly impossible to grasp the site's structure from ground level or even from nearby hills because of the persistent coastal haze. "Until drone technology, the site of Monte Sierpe/Band of Holes was extremely difficult to map on the surface. One simply cannot get an accurate impression of the structured nature of the hole segments, even from the top of the mountain behind due to the permanent haze in the area," said Stanish.

He added, "Furthermore, there were very few artifacts on the ground making it difficult to determine a date for the site. Once we had precision, low-altitude images it was immediately clear that this site was profoundly important and had to be scientifically studied."

"Now that we have established that this site was for storage and redistribution, our University of South Florida team will conduct additional work to determine the range and origins of the various plants, particularly the medicinal ones," Professor Stanish said. "With every identification of a new plant type, the Band of Holes becomes more intriguing."

The research received support from a Franklin Research Grant, the University of South Florida Office of the Dean, and the Cotsen Institute of Archaeology at the University of California, Los Angeles. The team also thanked the Peruvian Ministry of Culture for its research permit (000318-2024-DCIA-DGPA-VMPCIC/MC). Open access funding was provided by the University of Sydney.
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After 250 years, an 18th-century mechanical volcano erupts to life | ScienceDaily
An intricate mechanical model created in 1775 to capture the explosive beauty of Italy's Mount Vesuvius has erupted to life for the very first time, 250 years after it was first imagined. The recreation was made possible through modern engineering and the creative problem-solving of two University of Melbourne students.


						
The idea originated with Sir William Hamilton, the British ambassador to Naples and Sicily from 1765 to 1800, who was deeply fascinated by volcanoes. Blending art with early mechanical ingenuity, Hamilton designed a device that could visually simulate volcanic activity, bringing science and spectacle together in a single creation.

Inspired by the 1771 watercolor Night view of a current of lava by British-Italian artist Pietro Fabris, Hamilton's concept relied on light and motion to replicate glowing lava and eruptive bursts. Although no record confirms that it was ever built in his time, a detailed sketch preserved in the Bordeaux Municipal Library provided enough guidance for a modern reconstruction.

Reviving a Forgotten Experiment

Dr. Richard Gillespie, Senior Curator in the Faculty of Engineering and Information Technology, proposed reviving Hamilton's long-dormant idea and oversaw the project's completion.

"It is fitting that after 250 years exactly, our students have brought this dormant project to life," he said. "It is a wonderful piece of science communication. People around the world have always been fascinated by the immense power of volcanoes."

Modern Engineering Meets 18th-Century Imagination

Master of Mechatronics student Xinyu (Jasmine) Xu and Master of Mechanical Engineering student Yuji (Andy) Zeng spent three months constructing the device in The Creator Space student workshop. Using today's tools -- including laser-cut timber and acrylic, programmable LED lighting, and electronic control systems -- they reinterpreted Hamilton's clockwork concept for a new generation.




"The project offered a wealth of learning opportunities. I've extended many skills, including programming, soldering and physics applications," Ms. Xu said.

Mr. Zeng noted that the process helped him see mechanical design in a new light. "It was a fantastic way to build my hands-on problem-solving skills," he said. "We still faced some of the challenges that Hamilton faced. The light had to be designed and balanced so the mechanisms were hidden from view."

Collaboration and Innovation

Research engineer Mr. Andrew Kogios, who guided the students, praised their dedication and skill.

"From selecting materials and 3D printing, to troubleshooting electronics and satisfying requirements, working collaboratively with Yuji and Xinyu has been extremely rewarding," he said. "Experiences like these, supplementing their university studies, position them well for their future endeavors."

The completed mechanical volcano is now the highlight of The Grand Tour, an exhibition at the University of Melbourne's Baillieu Library that will be on display until June 28, 2026.
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        NASA's Webb finds life's building blocks frozen in a galaxy next door
        Astronomers using the James Webb Space Telescope have uncovered a trove of complex organic molecules frozen in ice around a young star in a neighboring galaxy -- including the first-ever detection of acetic acid beyond the Milky Way. Found in the Large Magellanic Cloud, these molecules formed under harsh, metal-poor conditions similar to those in the early universe, suggesting that the chemical precursors of life may have existed far earlier and in more diverse environments than previously imagine...

      

      
        Brain-like learning found in bacterial nanopores
        Scientists at EPFL have unraveled the mystery behind why biological nanopores, tiny molecular holes used in both nature and biotechnology, sometimes behave unpredictably. By experimenting with engineered versions of the bacterial pore aerolysin, they discovered that two key effects, rectification and gating, stem from the pore's internal electrical charges and their interaction with passing ions. The team even built nanopores that imitate brain-like "learning," hinting at future applications in b...

      

      
        This 14th century story fooled the world about the Black Death
        Historians have traced myths about the Black Death's rapid journey across Asia to one 14th-century poem by Ibn al-Wardi. His imaginative maqama, never meant as fact, became the foundation for centuries of misinformation about how the plague spread. The new study exposes how fiction blurred with history and highlights how creative writing helped medieval societies process catastrophe.

      

      
        Goodbye cavities? This new toothpaste made from hair can heal enamel
        Scientists have found that keratin, the protein in hair and skin, can repair and protect tooth enamel. The material forms a mineralized layer that halts decay and restores strength, outperforming traditional fluoride. Made from sustainable sources like hair, it could soon be available in toothpaste or gels. The discovery could transform dentistry by turning waste into a powerful tool for regeneration.

      

      
        Physicists prove the Universe isn't a simulation after all
        New research from UBC Okanagan mathematically demonstrates that the universe cannot be simulated. Using Godel's incompleteness theorem, scientists found that reality requires "non-algorithmic understanding," something no computation can replicate. This discovery challenges the simulation hypothesis and reveals that the universe's foundations exist beyond any algorithmic system.

      

      
        Surprising heart study finds daily coffee may cut AFib risk by 39%
        New research finds that daily coffee drinking may cut AFib risk by nearly 40%, defying decades of medical caution. Scientists discovered that caffeine's effects on activity, blood pressure, and inflammation could all contribute to a healthier heart rhythm. The DECAF clinical trial's findings suggest coffee could be not only safe but beneficial for people with A-Fib.

      

      
        Life found in a place scientists thought impossible
        Deep beneath the ocean, scientists uncovered thriving microbial life in one of Earth's harshest environments--an area with a pH of 12, where survival seems nearly impossible. Using lipid biomarkers instead of DNA, researchers revealed how these microbes persist by metabolizing methane and sulfate. The discovery not only sheds light on deep-sea carbon cycling but also suggests that life may have originated in similar extreme conditions, offering a glimpse into both Earth's past and the limits of li...

      

      
        Dark energy might be changing and so is the Universe
        New supercomputer simulations hint that dark energy might be dynamic, not constant, subtly reshaping the Universe's structure. The findings align with recent DESI observations, offering the strongest evidence yet for an evolving cosmic force.

      

      
        "Really bizarre" quantum discovery defies the rules of physics
        Researchers have discovered quantum oscillations inside an insulating material, overturning long-held assumptions. Their work at the National Magnetic Field Laboratory suggests that the effect originates in the material's bulk rather than its surface. The finding points toward a "new duality" in materials science--where compounds may behave as both metals and insulators--offering a fascinating puzzle for future research.

      

      
        Einstein might have been wrong about black holes
        Researchers are using black hole shadows to challenge Einstein's theory of relativity. With new simulations and future ultra-sharp telescope images, they may uncover signs that his famous equations don't tell the whole story.

      

      
        After 250 years, an 18th-century mechanical volcano erupts to life
        An 18th-century mechanical artwork depicting Mount Vesuvius' eruption has finally erupted -- 250 years later. University of Melbourne students reconstructed Sir William Hamilton's imaginative fusion of art and engineering using modern technology. Their re-creation glows with programmable lights and movement, reanimating history's forgotten passion for science and spectacle.

      

      
        Rare desert berry could transform diabetes treatment
        An extract from a desert berry used in traditional Chinese medicine restored insulin function and stabilized metabolism in diabetic mice. The findings hint at a powerful natural alternative for holistic diabetes treatment.

      

      
        Mini llama proteins show promise for Alzheimer's treatment
        Miniature antibodies from camels and llamas can slip into the brain more easily than conventional drugs, offering a new way to treat disorders like Alzheimer's and schizophrenia. Researchers say these "nanobodies" could reshape the future of brain medicine.
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NASA's Webb finds life's building blocks frozen in a galaxy next door | ScienceDaily
In a finding that could change how scientists understand the spread of life's ingredients across space, astronomers have detected large organic molecules frozen in ice around a forming star called ST6 in a galaxy beyond the Milky Way.


						
Using the James Webb Space Telescope's (JWST) Mid-Infrared Instrument (MIRI), the research team identified five carbon-based compounds in the Large Magellanic Cloud, our closest neighboring galaxy. The study, led by University of Maryland and NASA scientist Marta Sewilo, was published in the Astrophysical Journal Letters on October 20, 2025.

Detecting Life's Chemical Ingredients in Alien Ice

Sewilo's group found five complex organic molecules (COMs) within the ice surrounding the young protostar. These included methanol and ethanol (both types of alcohol), methyl formate and acetaldehyde (industrial chemicals on Earth), and acetic acid (the main ingredient in vinegar). One of the compounds, acetic acid, had never before been definitively observed in space ice, while the others -- ethanol, methyl formate, and acetaldehyde -- were detected in ices outside the Milky Way for the first time.

The team also spotted signs of glycolaldehyde, a sugar-related molecule linked to RNA formation, though further analysis is required to confirm it.

JWST's Sharp Vision Opens a New Window on Cosmic Chemistry

"It's all thanks to JWST's exceptional sensitivity combined with high angular resolution that we're able to detect these faint spectral features associated with ices around such a distant protostar," Sewilo said. "The spectral resolution of JWST is sufficiently high to allow for reliable identifications."

Before the Webb telescope, methanol was the only complex organic molecule ever confirmed in ice around protostars -- even within our own galaxy. According to Sewilo, the extraordinary precision of the new data allowed her team to extract an unprecedented amount of information from a single spectrum.




A Harsh Galaxy as a Laboratory for Life's Origins

The discovery is especially striking because of where the molecules were found. The Large Magellanic Cloud, located about 160,000 light-years from Earth, is an ideal environment for studying how stars form in conditions resembling those of the early universe. This small galaxy has only about one-third to one-half the heavy elements (those with atomic numbers greater than helium) of our solar system and endures far more intense ultraviolet radiation.

"The low metallicity environment, meaning the reduced abundance of elements heavier than hydrogen and helium, is interesting because it's similar to galaxies at earlier cosmological epochs," Sewilo explained. "What we learn in the Large Magellanic Cloud, we can apply to understanding these more distant galaxies from when the universe was much younger. The harsh conditions tell us more about how complex organic chemistry can occur in these primitive environments where much fewer heavy elements like carbon, nitrogen and oxygen are available for chemical reactions."

How Complex Molecules Form on Cosmic Dust

Study co-author Will Rocha of Leiden University in the Netherlands noted that COMs can form in both the gas phase and in icy layers coating interstellar dust grains. Once formed, these ices can later release their molecules back into the gas. Methanol and methyl formate had already been observed in the gas phase within the Large Magellanic Cloud, but this is the first evidence that such molecules are also forming in the solid ice itself.

"Our detection of COMs in ices supports these results," Rocha said. "The detection of icy COMs in the Large Magellanic Cloud provides evidence that these reactions can produce them effectively in a much harsher environment than in the solar neighborhood."

Life's Ingredients May Have Formed Early in the Universe




The presence of these complex molecules in a low-metallicity environment similar to those found in the early universe suggests that the building blocks of life may have begun forming much earlier -- and in a wider range of conditions -- than scientists once thought.

While this discovery does not prove that life exists elsewhere, it indicates that organic compounds can endure through the process of planetary formation and potentially be incorporated into young planets, creating conditions where life might one day emerge.

Expanding the Search for Cosmic Chemistry

Sewilo and her collaborators plan to extend their work by examining more protostars in both the Large and Small Magellanic Clouds to explore how widespread these molecules may be.

"We currently only have one source in the Large Magellanic Cloud and only four sources with detection of these complex organic molecules in ices in the Milky Way. We need larger samples from both to confirm our initial results that indicate differences in COM abundances between these two galaxies," Sewilo said. "But with this discovery, we've made significant advancements in understanding how complex chemistry emerges in the universe and opening new possibilities for research into how life came to be."
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Brain-like learning found in bacterial nanopores | ScienceDaily
Pore-forming proteins are widespread across living organisms. In humans, they are essential for immune defense, while in bacteria they often act as toxins that puncture cell membranes. These microscopic pores allow ions and molecules to move through membranes, controlling molecular traffic within cells. Because of their precision and control, scientists have adapted them as nanopore tools for biotechnology, such as in DNA sequencing and molecular sensing.


						
Although biological nanopores have revolutionized biotechnology, they can behave in complex and sometimes erratic ways. Researchers still lack a complete understanding of how ions travel through them or why ion flow occasionally stops altogether.

Two particularly puzzling behaviors have long intrigued scientists: rectification and gating. Rectification occurs when the flow of ions changes depending on the "sign" (plus or minus -- positive or negative) of the voltage applied. Gating happens when the ion flow suddenly decreases or stops. These effects, especially gating, can disrupt nanopore-based sensing and have remained difficult to explain.

A research team led by Matteo Dal Peraro and Aleksandra Radenovic at EPFL has now identified the physical mechanisms behind these two effects. Using a combination of experiments, simulations, and theoretical modeling, they found that both rectification and gating arise from the nanopore's own electrical charges and the way those charges interact with the ions moving through the pore.

Experimenting With Electric Charges

The team studied aerolysin, a bacterial pore commonly used in sensing research. They modified the charged amino acids lining its interior to create 26 nanopore variants, each with a distinct charge pattern. By observing how ions traveled through these modified pores under different conditions, they were able to isolate key electrical and structural factors.

To better understand how these effects evolve over time, the scientists applied alternating voltage signals to the nanopores. This approach allowed them to distinguish rectification, which occurs quickly, from gating, which develops more slowly. They then built biophysical models to interpret their data and reveal the mechanisms at work.




How Nanopores Learn Like the Brain

The researchers discovered that rectification happens because of how the charges along the inner surface influence ion movement, making it easier for ions to flow in one direction than the other, similar to a one-way valve. Gating, in contrast, occurs when a heavy ion flow disrupts the charge balance and destabilizes the pore's structure. This temporary collapse blocks ion passage until the system resets.

Both effects depend on the exact placement and type of electrical charge within the nanopore. By reversing the charge "sign," the team could control when and how gating occurred. When they increased the pore's rigidity, gating stopped completely, confirming that structural flexibility is key to this phenomenon.

Toward Smarter Nanopores

These findings open new possibilities for engineering biological nanopores with custom properties. Scientists can now design pores that minimize unwanted gating for applications in nanopore sensing, or deliberately use gating for bio-inspired computing. In one demonstration, the team created a nanopore that mimics synaptic plasticity, "learning" from voltage pulses much like a neural synapse. This discovery suggests that future ion-based processors could one day harness such molecular "learning" to power new forms of computing.
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This 14th century story fooled the world about the Black Death | ScienceDaily
Researchers have traced long-standing myths about the rapid spread of the Black Death across Asia to a single source from the fourteenth century.


						
For centuries, depictions of the plague racing along the Silk Route, devastating cities and towns in its path, have been based on a misunderstanding of a rhyming story rather than a historical record.

The work in question is a "maqama" -- an Arabic literary form that often features a wandering "trickster." Written by the poet and historian Ibn al-Wardi in Aleppo in 1348/9, the piece was later mistaken for an eyewitness account of how the disease traveled across the continent.

A Story Mistaken for Science

Modern genetic evidence suggests that the bacteria responsible for the Black Death most likely originated in Central Asia. Some scientists, influenced by Ibn al-Wardi's narrative, still argue that the plague spread from Kyrgyzstan to the Black and Mediterranean seas in less than ten years, setting off the catastrophic pandemic that swept Western Eurasia and North Africa in the late 1340s. This interpretation, sometimes referred to as the "Quick Transit Theory," rests heavily on taking Ibn al-Wardi's poetic work literally.

The new study challenges this idea, questioning whether it is realistic that the bacterium could have traveled more than 3,000 miles in just a few years and caused such a widespread outbreak between 1347 and 1350.

A Trickster Plague and a Century of Confusion

In his maqama, Ibn al-Wardi personifies the plague as a mischievous wanderer who brings death to one region after another over a 15-year journey. The tale begins beyond China, moves through India, Central Asia, and Persia, and finally reaches the Black Sea, the Mediterranean, Egypt, and the Levant. Because the author later quoted sections of this story in his historical writing, many later readers assumed it was factual.




According to researchers Muhammed Omar, a PhD candidate in Arab and Islamic Studies, and Nahyan Fancy, a historian of Islamic medicine at the University of Exeter, the confusion began in the fifteenth century when Arab chroniclers -- and later European historians -- started to treat the story as a literal account of the Black Death's spread.

The Text at the Center of a Historical Web

Professor Fancy explained: "All roads to the factually incorrect description of the spread of the plague lead back to this one text. It's like it is in the centre of a spider's web of the myths about how the Black Death moved across the region.

"The entire trans-Asian movement of plague and its arrival in Egypt prior to Syria has always been and continues to be based upon Ibn al-Wardi's singular Risala, which is unsubstantiated by other contemporary chronicles and even maqamas. The text was written just to highlight the fact the plague travelled, and tricked people. It should not be taken literally."

The Cultural Role of the Maqama

The maqama genre emerged in the late tenth century and became especially popular from the twelfth century onward. During the fourteenth century, Mamluk writers in the Islamic world particularly valued the style, and many of their works -- including those about the plague -- survive today in libraries around the world. These stories were intended to be performed or read aloud in a single sitting.




Ibn al-Wardi's Risala was one of at least three plague-themed maqamas written in 1348-49. The study highlights how such texts offer insight not into the disease's route, but into how people of the time coped with unimaginable loss and upheaval.

Revisiting Earlier Outbreaks

Recognizing Ibn al-Wardi's work as a fictional composition allows historians to shift focus toward earlier, lesser-known epidemics, such as those that struck Damascus in 1258 and Kaifeng in 1232-33. Scholars can now explore how communities remembered these earlier crises and how such memories influenced later understandings of the Black Death.

Finding Humanity in Historical Crisis

Professor Fancy added: "These writings can help us understand how creativity may have been a way to exercise some control and served as a coping mechanism at this time of widespread death, similar to the way people developed new culinary skills or artistic skills during the Covid-19 pandemic.

"These maqamas may not give us accurate information about the how the Black Death spread. But the texts are phenomenal because they help us see how people at the time were living with this awful crisis."
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Goodbye cavities? This new toothpaste made from hair can heal enamel | ScienceDaily
A new approach to oral care may come from an unexpected source: your own hair. Researchers have found that toothpaste made from keratin, a protein naturally present in hair, skin, and wool, could both protect and repair damaged teeth while offering a sustainable alternative to traditional dental treatments.


						
Scientists from King's College London discovered that keratin can rebuild tooth enamel and halt the early stages of decay. When keratin interacts with the minerals found in saliva, it forms a coating that closely replicates the composition and protective function of natural enamel.

Dr. Sherif Elsharkawy, senior author and consultant in prosthodontics at King's College London, explained: "Unlike bones and hair, enamel does not regenerate, once it is lost, it's gone forever."

Protecting Teeth from Erosion and Cavities

Everyday habits, from drinking acidic beverages to poor brushing routines, wear away enamel over time. This erosion can lead to sensitivity, discomfort, and eventually tooth loss. While fluoride toothpaste helps slow this process, the keratin-based formulation in the new study went further, completely preventing it in laboratory tests.

Keratin creates a dense, mineralized barrier over the tooth's surface, blocking the nerve channels responsible for sensitivity. This not only protects against further damage but also provides immediate relief from discomfort, addressing both cause and symptom.

The researchers envision the treatment being available in two forms: a daily-use toothpaste or a professional gel applied by dentists, similar to nail varnish. According to the team, keratin-based enamel repair products could be accessible to the public within two to three years.




How Keratin Helps Teeth Heal Themselves

In the study, published in Advanced Healthcare Materials, scientists extracted keratin from wool and applied it to tooth surfaces. When exposed to the natural minerals present in saliva, the protein organized itself into a crystal-like structure that mimicked real enamel.

Over time, this microscopic framework continued to attract calcium and phosphate ions, gradually forming a durable, enamel-like layer. The finding marks an important milestone in regenerative dentistry and brings researchers closer to treatments that can rebuild the tooth's protective shell rather than just patching damage.

Sustainable, Natural, and Clinically Effective

Sara Gamea, PhD researcher at King's College London and the study's first author, said: "Keratin offers a transformative alternative to current dental treatments. Not only is it sustainably sourced from biological waste materials like hair and skin, it also eliminates the need for traditional plastic resins, commonly used in restorative dentistry, which are toxic and less durable. Keratin also looks much more natural than these treatments, as it can more closely match the color of the original tooth."

The research addresses growing concerns about the environmental impact of dental materials and the long-term use of fluoride. By using recycled biological materials, this approach could make dental care more eco-friendly while reducing dependence on synthetic compounds.




A New Era of Biotech Dentistry

"This technology bridges the gap between biology and dentistry, providing an eco-friendly biomaterial that mirrors natural processes," said Gamea.

Dr. Elsharkawy added: "We are entering an exciting era where biotechnology allows us to not just treat symptoms but restore biological function using the body's own materials. With further development and the right industry partnerships, we may soon be growing stronger, healthier smiles from something as simple as a haircut."

The work received support from the Wellcome Trust Seed Award, King's College London, the Academy of Medical Sciences 'Starter Grants for Clinical Lecturers', and the National Institute of Health Research.
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Physicists prove the Universe isn't a simulation after all | ScienceDaily
The idea that our universe might be nothing more than an elaborate computer simulation has been a favorite theme in science fiction for decades. Yet new research from UBC Okanagan suggests that not only is this concept implausible -- it is mathematically impossible.


						
Dr. Mir Faizal, an Adjunct Professor at UBC Okanagan's Irving K. Barber Faculty of Science, and his collaborators, Drs. Lawrence M. Krauss, Arshid Shabir, and Francesco Marino, have shown that the underlying fabric of reality operates in a way no computer could ever replicate.

Their study, published in the Journal of Holography Applications in Physics, doesn't just dispute the idea of a simulated universe like The Matrix. It goes further, demonstrating that the cosmos itself is built upon a kind of understanding that lies outside the reach of any algorithm.

The Simulation Hypothesis Meets Mathematics

"It has been suggested that the universe could be simulated. If such a simulation were possible, the simulated universe could itself give rise to life, which in turn might create its own simulation. This recursive possibility makes it seem highly unlikely that our universe is the original one, rather than a simulation nested within another simulation," says Dr. Faizal. "This idea was once thought to lie beyond the reach of scientific inquiry. However, our recent research has demonstrated that it can, in fact, be scientifically addressed."

The team's findings rest on the evolving understanding of what reality truly is. Physics has moved far beyond Isaac Newton's view of solid objects moving through space. Einstein's theory of relativity replaced that classical model, and quantum mechanics transformed it yet again. Now, at the forefront of theoretical physics, quantum gravity proposes that even space and time are not fundamental elements. Instead, they arise from something deeper -- pure information.

The Hidden Realm Beneath Reality

Physicists describe this informational layer as a "Platonic realm," a mathematical foundation more real than the physical world we perceive. According to the new research, it is from this realm that space and time themselves emerge.




However, the scientists demonstrated that even this information-based structure cannot fully describe reality through computation alone. By applying advanced mathematical principles, including Godel's incompleteness theorem, they proved that any consistent and complete model of existence requires what they call "non-algorithmic understanding."

To grasp this idea, imagine how a computer works -- it follows a set of defined instructions step by step. Yet, some truths exist that cannot be reached by following any sequence of logical operations. These are known as "Godelian truths," and while they are real, they cannot be proven using computation.

Where Computation Fails

Consider the statement, "This true statement is not provable." If it were provable, it would be false, contradicting logic. If it cannot be proven, then it is true, which means any logical system attempting to prove it is incomplete. In either case, computation alone falls short.

"We have demonstrated that it is impossible to describe all aspects of physical reality using a computational theory of quantum gravity," says Dr. Faizal. "Therefore, no physically complete and consistent theory of everything can be derived from computation alone. Rather, it requires a non-algorithmic understanding, which is more fundamental than the computational laws of quantum gravity and therefore more fundamental than spacetime itself."

Why the Universe Cannot Be Simulated

If the underlying rules of the Platonic realm seem similar to those governing a computer simulation, could that realm itself be simulated? The answer, according to the researchers, is no.




"Drawing on mathematical theorems related to incompleteness and indefinability, we demonstrate that a fully consistent and complete description of reality cannot be achieved through computation alone," explains Dr. Faizal. "It requires non-algorithmic understanding, which by definition is beyond algorithmic computation and therefore cannot be simulated. Hence, this universe cannot be a simulation."

Co-author Dr. Lawrence M. Krauss notes that the implications of this finding extend deep into the foundations of physics. "The fundamental laws of physics cannot be contained within space and time, because they generate them. It has long been hoped, however, that a truly fundamental theory of everything could eventually describe all physical phenomena through computations grounded in these laws. Yet we have demonstrated that this is not possible. A complete and consistent description of reality requires something deeper -- a form of understanding known as non-algorithmic understanding."

Reality Beyond Algorithms

As Dr. Faizal summarizes, "Any simulation is inherently algorithmic -- it must follow programmed rules. But since the fundamental level of reality is based on non-algorithmic understanding, the universe cannot be, and could never be, a simulation."

For years, the simulation hypothesis was regarded as untestable, confined to the realms of philosophy and speculative fiction. This new research, however, anchors it firmly in mathematical and physical theory -- delivering what may be the final, definitive answer to one of science's most intriguing questions.
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Surprising heart study finds daily coffee may cut AFib risk by 39% | ScienceDaily
New research suggests that drinking coffee may actually help protect against atrial fibrillation (AFib), a common heart rhythm disorder that causes the heart to beat too quickly and irregularly, sometimes leading to stroke or heart failure.


						
For years, doctors have advised people with AFib and other heart issues to stay away from caffeine, fearing it could worsen symptoms. But a new study from UC San Francisco and the University of Adelaide has found the opposite: participants who drank one cup of caffeinated coffee a day had a 39% lower risk of developing AFib.

Why Coffee May Help the Heart

"Coffee increases physical activity which is known to reduce atrial fibrillation," explained Gregory M. Marcus, MD, MAS, an electrophysiologist at UCSF Health and the senior author of the study, published November 9 in JAMA. Marcus added that "caffeine is also a diuretic, which could potentially reduce blood pressure and in turn lessen AFib risk. Several other ingredients in coffee also have anti-inflammatory properties that could have positive effects."

Rates of AFib have been climbing in recent years, largely due to aging populations and increasing obesity. More than 10 million adults in the United States have been diagnosed, and experts estimate that as many as one in three people may experience the condition at some point in their lives.

Testing Coffee's Effect on Heart Rhythm

To explore whether coffee helps or harms, researchers designed the DECAF study (Does Eliminating Coffee Avoid Fibrillation?), the first randomized clinical trial to test the relationship between caffeinated coffee and AFib. The project was funded by the National Institutes of Health.




The trial involved 200 patients who were regular coffee drinkers and had persistent AFib or a related condition known as atrial flutter, along with a history of AFib. All were scheduled to undergo electrical cardioversion, a procedure that uses a controlled electrical shock to restore normal heart rhythm. Participants were randomly assigned to either drink at least one cup of caffeinated coffee or an espresso shot each day, or to completely avoid coffee and other caffeinated beverages for six months.

Coffee Drinkers Had Lower Risk

At the end of the study, the group that drank coffee experienced a 39% lower risk of recurring AFib episodes. In addition to coffee's potential anti-inflammatory effects, the researchers proposed that those who drank coffee may have naturally replaced less healthy drinks, such as sugary sodas, with coffee instead.

"The results were astounding," said first author Christopher X. Wong, PhD, of UCSF, the University of Adelaide, and the Royal Adelaide Hospital. "Doctors have always recommended that patients with problematic AFib minimize their coffee intake, but this trial suggests that coffee is not only safe but likely to be protective."

Authors from UCSF include Gabrielle Montenegro; Hannah H. Oo; Isabella J. Pena; Janet J. Tang, PhD; Grace Wall; Thomas A. Dewland, MD; Joshua D. Moss, MD; Edward P. Gerstenfeld, MD; Zian H. Tseng, MD; Henry H. Hsia, MD; Randall J. Lee, MD, PhD; Jeffrey E. Olgin, MD; Vasanth Vedantham, MD; Melvin M. Scheinman, MD; and Catherine Lee, PhD.

Marcus is supported by R01 HL158825-01, R01 HL167975-01, R01 DA058069-01, and R01 HL159069-01A1 grants from the National Heart, Lung and Blood Institute, as well as R01 AA022222 from the National Institute on Alcohol Abuse and Alcoholism.
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Life found in a place scientists thought impossible | ScienceDaily
In a new study, first author Palash Kumawat from the University of Bremen's Geosciences Department and his team investigated how microbes manage to survive in one of the planet's harshest underwater environments. They analyzed lipid biomarkers, specialized fat molecules that reveal biological activity, to uncover the organisms' survival strategies. The site's pH of 12 makes it one of the most alkaline environments ever documented, creating conditions that are exceptionally difficult for life to endure.


						
Because so few living cells exist there, detecting DNA is often impossible. Instead, the researchers used trace analysis techniques sensitive enough to identify even faint biochemical signals. "But we were able to detect fats," says Kumawat, currently a PhD candidate in the Geosciences Department. "With the help of these biomarkers we were able to obtain insights into the survival strategies of methane- and sulfate-metabolizing microbes in this extreme environment."

Microbial Clues Hidden in Deep-Sea Chemistry

Microbial life in the deep ocean plays an important role in the global carbon cycle, processing carbon and other elements far below the surface. The communities identified by Kumawat's team draw their energy not from sunlight but from minerals in rocks and gases like carbon dioxide and hydrogen, producing methane in the process -- an important greenhouse gas. These biochemical reactions occur independently of the ocean above, showing that these microbes operate in a self-contained ecosystem.

The lipid molecules also help determine whether the microbes are alive or remnants from ancient communities. Intact biomolecules suggest active or recently living cells, while degraded ones indicate fossilized "geomolecules" from long ago. Kumawat explains that combining isotope data with lipid biomarkers shows evidence of both modern and ancient microbial populations inhabiting this hostile environment. "This distinction helps us when working in areas with extremely low biomass and nutrient deficiency," he notes.

Discovering Life at the Limits

Co-author Dr. Florence Schubotz, an organic geochemist at MARUM -- Center for Marine Environmental Sciences at the University of Bremen, emphasizes how remarkable the discovery is. "What is fascinating about these findings is that life under these extreme conditions, such as high pH and low organic carbon concentrations, is even possible," she says. "Until now, the presence of methane-producing microorganisms in this system has been presumed, but could not be directly confirmed. Furthermore, it is simply exciting to obtain insights into such a microbial habitat because we suspect that primordial life could have originated at precisely such sites."

Uncovering Hidden Volcanoes Beneath the Pacific

The team's samples came from sediment cores collected in 2022 during Expedition SO 292/2 aboard the Research Vessel Sonne. During this mission, scientists discovered previously unknown mud volcanoes in the Mariana forearc region and were able to collect samples directly from them.

The work forms part of the Cluster of Excellence "The Ocean Floor -- Earth's Uncharted Interface." Building on their findings, Kumawat and his colleagues now plan to cultivate these microorganisms in controlled incubators to learn more about how they obtain nutrients and persist in such inhospitable environments.
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Dark energy might be changing and so is the Universe | ScienceDaily

Recent observations have started to challenge this long-held view. Data from the Dark Energy Spectroscopic Instrument (DESI) -- an advanced project that maps the distribution of galaxies across the Universe -- suggests the possibility of a dynamic dark energy (DDE) component. Such a finding would mark a significant shift from the standard LCDM model. While this points to a more intricate and evolving cosmic story, it also exposes a major gap in understanding: how a time-dependent dark energy might shape the formation and growth of cosmic structures remains unclear.

Simulating an Evolving Universe

To explore this mystery, a team led by Associate Professor Tomoaki Ishiyama of Chiba University's Digital Transformation Enhancement Council in Japan carried out one of the most extensive cosmological simulations ever performed. Collaborators included Francisco Prada of the Instituto de Astrofisica de Andalucia in Spain and Anatoly A. Klypin of New Mexico State University in the United States. Their study, published in Physical Review D (Volume 112, Issue 4), investigated how a time-varying dark energy could influence the evolution of the cosmos and help interpret future astronomical observations.

Using Japan's flagship supercomputer, Fugaku, the researchers executed three large, high-resolution N-body simulations, each with a computational volume eight times greater than previous work. One simulation followed the standard Planck-2018 LCDM model, while two others incorporated dynamic dark energy. By comparing the DDE model with fixed parameters to the standard model, they were able to isolate the effects of a changing dark energy component. A third simulation used parameters drawn from DESI's first-year data, revealing how an "updated" cosmological model might behave if dark energy truly varies with time.

How a Small Change Can Reshape the Universe

The results showed that the influence of dark energy variations alone was relatively subtle. However, once the researchers adjusted the cosmological parameters in line with DESI data -- particularly increasing the matter density by about 10% -- the differences became striking. A higher matter density strengthens gravitational attraction, which accelerates the formation of massive clusters of galaxies. In this scenario, the DESI-based DDE model predicted as much as 70% more massive clusters in the early Universe than the standard model. These clusters form the cosmic framework on which galaxies and galaxy groups assemble.




The team also examined baryonic acoustic oscillations (BAOs) -- patterns left behind by sound waves in the early Universe that serve as "cosmic rulers" for measuring distances. In the DESI-derived DDE simulation, the BAO peak shifted by 3.71% toward smaller scales, closely matching DESI's actual observations. This strong agreement confirmed that the model not only reflects theoretical predictions but also aligns well with real-world data.

Mapping Galaxy Clusters and Cosmic Structure

In addition, the researchers analyzed how galaxies cluster throughout the cosmos. The DESI-based DDE model produced noticeably stronger clustering than the standard LCDM version, particularly on smaller scales. The enhanced clustering directly results from the higher matter density, which amplifies gravitational binding. This close match between simulation and observation further supports the validity of the dynamic dark energy model.

Overall, the team's findings clarify how both dark energy and matter density shape the large-scale structure of the Universe. "Our large simulations demonstrate that variations in cosmological parameters, particularly the matter density in the Universe, have a greater influence on structure formation than the DDE component alone," says Dr. Ishiyama.

Preparing for the Next Generation of Cosmic Surveys

With new observational campaigns on the horizon, these simulations will play a crucial role in interpreting upcoming results. "In the near future, large-scale galaxy surveys from the Subaru Prime Focus Spectrograph and DESI are expected to significantly improve measurements of cosmological parameters. This study provides a theoretical basis for interpreting such upcoming data," concludes Dr. Ishiyama.
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"Really bizarre" quantum discovery defies the rules of physics | ScienceDaily
Lu Li, a physicist who studies advanced materials, knows that people often want to hear how his research could lead to new technologies or practical breakthroughs. But sometimes, what he uncovers is so unusual that its value lies purely in revealing how strange the universe can be.


						
Working with an international team of scientists, Li has made one of those discoveries, recently described in Physical Review Letters.

"I would love to claim that there's a great application, but my work keeps pushing that dream further away," said Li, a professor of physics at the University of Michigan. "But what we've found is still really bizarre and exciting."

Quantum Oscillations: When Electrons Act Like Springs

Supported by the U.S. National Science Foundation and the U.S. Department of Energy, the research focuses on a puzzling effect called quantum oscillations. In metals, these oscillations occur when electrons behave like tiny springs, vibrating in response to magnetic fields. By changing the magnetic field's strength, scientists can alter how quickly these "electron springs" move.

In recent years, however, researchers have discovered the same quantum oscillations in insulators -- materials that should not conduct electricity or heat. That revelation has left scientists debating whether the effect originates only on the surface of these materials or deep within their interior (known as the bulk).

Searching for Answers Inside the Material

If the oscillations came from the surface, that would be particularly exciting for potential technologies. Materials called topological insulators, which conduct electricity on their surfaces while remaining insulating inside, are already being studied for new kinds of electronic, optical, and quantum devices.




To explore the mystery, Li and his collaborators turned to the National Magnetic Field Laboratory, home to the most powerful magnets in the world. Their experiments revealed that the oscillations were not just a surface effect. Instead, they came from the bulk of the material itself.

"I wish I knew what to do with that, but at this stage we have no idea," Li admitted. "What we have right now is experimental evidence of a remarkable phenomenon, we've recorded it and, hopefully, at some point, we'll realize how to use it."

A Global Collaboration and a Clear Result

The study involved more than a dozen scientists from six institutions in the United States and Japan, including research fellow Kuan-Wen Chen and graduate students Yuan Zhu, Guoxin Zheng, Dechen Zhang, Aaron Chan, and Kaila Jenkins from the University of Michigan.

"For years, scientists have pursued the answer to a fundamental question about the carrier origin in this exotic insulator: Is it from the bulk or the surface, intrinsic or extrinsic?" said Chen. "We are excited to provide clear evidence that it is bulk and intrinsic."

A "New Duality" in Physics

Li describes the finding as part of what he calls a "new duality." The original, or "old," duality in physics emerged more than a century ago when scientists realized that light and matter can act as both waves and particles. That discovery transformed physics and led to technologies such as solar cells and electron microscopes.




The new duality, Li says, involves materials that can behave as both conductors and insulators. His team explored this idea using a compound called ytterbium boride (YbB12) inside a magnetic field so powerful that it reached 35 Tesla -- about 35 times stronger than the field inside a hospital MRI machine.

"Effectively, we're showing that this naive picture where we envisioned a surface with good conduction that's feasible to use in electronics is completely wrong," Li explained. "It's the whole compound that behaves like a metal even though it's an insulator."

Unlocking the Mystery of a "Crazy Metal"

Although this "metal-like" behavior only appears under extreme magnetic conditions, the finding raises new questions about how materials behave at the quantum level.

"Confirming that the oscillations are bulk and intrinsic is exciting," said Zhu. "We don't yet know what kind of neutral particles are responsible for the observation. We hope our findings motivate further experiments and theoretical work."

The project received additional support from the Institute for Complex Adaptive Matter, the Gordon and Betty Moore Foundation, the Japan Society for the Promotion of Science, and the Japan Science and Technology Agency.
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Einstein might have been wrong about black holes | ScienceDaily
Black holes are often described as cosmic gluttons, consuming everything that drifts too close -- including light itself. This is what makes the images of the supermassive black holes at the centers of the galaxy M87 and our own Milky Way so remarkable. Captured by the Event Horizon Telescope (EHT) collaboration a few years ago, these observations marked a major milestone in astronomy.


						
"What you see on these images is not the black hole itself, but rather the hot matter in its immediate vicinity," explains Prof. Luciano Rezzolla of Goethe University Frankfurt, whose team played a crucial role in the discovery. "As long as the matter is still rotating outside the event horizon -- before being inevitably pulled in -- it can emit final signals of light that we can, in principle, detect."

Einstein's Theory and the Mystery of Black Holes

These striking images reveal what scientists call the "shadow" of a black hole, offering a new way to probe the physics behind these mysterious cosmic giants. For over a century, Einstein's general theory of relativity has been the foundation of our understanding of space and time. It predicts the existence of black holes and the event horizon, a boundary beyond which nothing -- not even light -- can escape.

"There are, however, also other, still hypothetical theories that likewise predict the existence of black holes," Rezzolla notes. "Some of these approaches require the presence of matter with very specific properties or even the violation of the physical laws we currently know."

Testing Einstein's Ideas With Black Hole Shadows

In collaboration with colleagues from the Tsung-Dao Lee Institute in Shanghai (China), Rezzolla and his team proposed a new way to test these alternative theories. Their work, published in Nature Astronomy, outlines how future black hole observations could help confirm or challenge Einstein's model of gravity. Until now, there has not been enough data to verify or reject competing ideas, but that may soon change through detailed analysis of black hole shadow images.




"This requires two things," Rezzolla explains. "On the one hand, high-resolution shadow images of black holes to determine their radius as accurately as possible, and on the other hand, a theoretical description of how strongly the various approaches deviate from Einstein's theory of relativity."

Simulations Reveal How Theories Diverge

To tackle this, the team produced a thorough framework describing how different theoretical types of black holes would vary from Einstein's predictions and how those differences would appear in images. They used advanced three-dimensional computer simulations to reproduce the motion of matter and magnetic fields in the warped spacetime surrounding black holes. From these simulations, they created synthetic images of the glowing plasma that circles these immense objects.

"The central question was: How significantly do images of black holes differ across various theories?" says lead author Akhil Uniyal of the Tsung-Dao Lee Institute. The researchers identified clear patterns that, with sharper images in the future, could help scientists determine which theory best matches reality. Although today's EHT resolution cannot yet detect these fine distinctions, improvements in technology will gradually make such comparisons possible. To prepare for this, the physicists developed a universal description of black holes that can encompass many different theoretical frameworks.

Einstein's Theory Still Holding Strong -- for Now

"One of the EHT collaboration's most important contributions to astrophysics is turning black holes into testable objects," Rezzolla emphasizes. "Our expectation is that relativity theory will continue to prove itself, just as it has time and again up to now." So far, the findings remain consistent with Einstein's theory, although uncertainties in measurement mean that only a few exotic ideas have been ruled out. For example, the black holes in M87 and the Milky Way are almost certainly not "naked singularities" (without an event horizon) or wormholes. Still, Rezzolla notes, "Even the established theory must be continuously tested, especially with extreme objects like black holes." If Einstein's model were ever shown to fail, it would mark a revolutionary moment in physics.

A New Era of Cosmic Observation

The EHT provides an unprecedented opportunity for these investigations. By combining data from multiple large radio telescopes across the world, it effectively creates a telescope as large as Earth, capable of capturing fine details around black holes. Plans are already underway to add more observatories to the network and, eventually, to include a radio telescope in space, which would greatly boost its resolution.

Such advancements could make it possible to perform truly definitive tests of competing black hole theories. According to the new study, this would require achieving an angular resolution of less than one millionth of an arcsecond -- roughly equivalent to spotting a coin on the surface of the Moon from Earth. While that level of precision is not yet possible, scientists expect it to be within reach in the coming years, potentially unlocking a new chapter in our understanding of gravity and the universe itself.
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After 250 years, an 18th-century mechanical volcano erupts to life | ScienceDaily
An intricate mechanical model created in 1775 to capture the explosive beauty of Italy's Mount Vesuvius has erupted to life for the very first time, 250 years after it was first imagined. The recreation was made possible through modern engineering and the creative problem-solving of two University of Melbourne students.


						
The idea originated with Sir William Hamilton, the British ambassador to Naples and Sicily from 1765 to 1800, who was deeply fascinated by volcanoes. Blending art with early mechanical ingenuity, Hamilton designed a device that could visually simulate volcanic activity, bringing science and spectacle together in a single creation.

Inspired by the 1771 watercolor Night view of a current of lava by British-Italian artist Pietro Fabris, Hamilton's concept relied on light and motion to replicate glowing lava and eruptive bursts. Although no record confirms that it was ever built in his time, a detailed sketch preserved in the Bordeaux Municipal Library provided enough guidance for a modern reconstruction.

Reviving a Forgotten Experiment

Dr. Richard Gillespie, Senior Curator in the Faculty of Engineering and Information Technology, proposed reviving Hamilton's long-dormant idea and oversaw the project's completion.

"It is fitting that after 250 years exactly, our students have brought this dormant project to life," he said. "It is a wonderful piece of science communication. People around the world have always been fascinated by the immense power of volcanoes."

Modern Engineering Meets 18th-Century Imagination

Master of Mechatronics student Xinyu (Jasmine) Xu and Master of Mechanical Engineering student Yuji (Andy) Zeng spent three months constructing the device in The Creator Space student workshop. Using today's tools -- including laser-cut timber and acrylic, programmable LED lighting, and electronic control systems -- they reinterpreted Hamilton's clockwork concept for a new generation.




"The project offered a wealth of learning opportunities. I've extended many skills, including programming, soldering and physics applications," Ms. Xu said.

Mr. Zeng noted that the process helped him see mechanical design in a new light. "It was a fantastic way to build my hands-on problem-solving skills," he said. "We still faced some of the challenges that Hamilton faced. The light had to be designed and balanced so the mechanisms were hidden from view."

Collaboration and Innovation

Research engineer Mr. Andrew Kogios, who guided the students, praised their dedication and skill.

"From selecting materials and 3D printing, to troubleshooting electronics and satisfying requirements, working collaboratively with Yuji and Xinyu has been extremely rewarding," he said. "Experiences like these, supplementing their university studies, position them well for their future endeavors."

The completed mechanical volcano is now the highlight of The Grand Tour, an exhibition at the University of Melbourne's Baillieu Library that will be on display until June 28, 2026.
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Rare desert berry could transform diabetes treatment | ScienceDaily
In what could mark a major step forward for diabetes care, scientists have found extraordinary health benefits in a little-known desert plant. The fruit of Nitraria roborowskii Kom, long used in traditional medicine, showed strong potential to fight insulin resistance and restore healthy metabolism in diabetic mice. The plant extract not only helped stabilize blood sugar but also corrected several related issues, including abnormal fat metabolism and oxidative stress. These results were linked to the activation of a key cellular signaling system that regulates how the body processes glucose and energy. The discovery points to the possibility of safer, naturally derived treatments for one of the world's most widespread chronic diseases.


						
The number of people living with diabetes is expected to climb to 750 million by 2045. While modern drugs can control symptoms, many come with side effects and do not address the underlying causes of metabolic imbalance. This has led scientists to revisit nature's medicine cabinet in search of new therapeutic options. Among these is Nitraria roborowskii Kom, a tough shrub that thrives in the harsh deserts of western China. Its bright red fruits, sometimes known as "desert cherries," have nourished and healed local communities for centuries. Only recently have researchers begun to uncover the biological mechanisms behind its traditional use, prompting systematic scientific investigations into its potential.

Breakthrough Study Confirms Potent Diabetes-Fighting Properties

A collaborative study between Qinghai University and the Northwest Institute of Plateau Biology, published in the Chinese Journal of Modern Applied Pharmacy, provided strong experimental evidence of the fruit's effects. Using well-controlled trials, scientists tested a concentrated form of the extract (NRK-C) on diabetic mice over seven weeks. The results were striking: the compound not only lowered blood sugar and improved insulin responsiveness but also addressed broader metabolic dysfunctions through a previously underexplored biological route.

How the Desert Berry Restores Metabolic Balance

The detailed analysis revealed the extract's impressive range of benefits. Over the course of seven weeks, NRK-C reduced fasting blood glucose levels by 30-40% in diabetic mice, with stronger results at higher doses. It also improved insulin sensitivity by roughly 50% compared with untreated animals. In addition to these improvements, the extract balanced cholesterol and lowered oxidative stress markers by as much as 60%, a rare feat for any single therapeutic compound.

Further investigation showed that NRK-C works by reactivating the PI3K/AKT signaling pathway -- a critical metabolic circuit that often breaks down in diabetes. This reactivation appears to "reboot" the body's ability to regulate glucose and fat metabolism. Microscopic examination supported these findings, revealing healthier liver and pancreatic tissue structures in treated mice compared with untreated ones. Taken together, these findings suggest the compound helps the body reset its metabolic function rather than just masking symptoms. Its naturally broad effects contrast sharply with the narrowly targeted mechanisms of many pharmaceutical drugs.




Expert Insight: A Holistic Approach to Diabetes Treatment

"These results are exciting because they suggest we might be able to treat diabetes more holistically," said Dr. Yue Huilan, a senior researcher on the project. "Instead of just lowering blood sugar like most medications, this plant extract appears to help the body regain its natural metabolic balance. The implications could extend beyond diabetes to other conditions involving insulin resistance." While the team emphasized that human trials are still needed, the findings represent an encouraging move toward more natural and comprehensive approaches to diabetes care.

This discovery opens up several promising research directions. Pharmaceutical developers may pursue standardized NRK-C extracts as supplements or adjunct therapies, while nutrition experts could explore adding the fruit to functional foods aimed at metabolic health. The results also lend modern scientific support to traditional medicinal knowledge, helping bridge ancient practice and contemporary medicine. Researchers are particularly eager to determine whether NRK-C could help prevent diabetes in high-risk individuals or reduce complications in those already affected.

More broadly, the findings underscore the value of preserving and studying traditional medicinal plants, many of which may hold untapped potential for addressing modern health challenges. Nature, it seems, still has many healing secrets waiting to be rediscovered.
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Mini llama proteins show promise for Alzheimer's treatment | ScienceDaily
Nanobodies, which are very small proteins found in camelid species such as camels, llamas, and alpacas, may provide a powerful new way to treat brain disorders like schizophrenia and Alzheimer's disease. A new study published on November 5 in the Cell Press journal Trends in Pharmacological Sciences explains how their small size allows them to reach and treat brain cells more effectively in mice, while causing fewer side effects. The researchers also outline what must be done before these treatments can be safely tested in humans.


						
"Camelid nanobodies open a new era of biologic therapies for brain disorders and revolutionize our thinking about therapeutics," says co-corresponding author Philippe Rondard of the Centre National de la Recherche Scientifique (CNRS) in Montpellier, France. "We believe they can form a new class of drugs between conventional antibodies and small molecules."

How Nanobodies Were Discovered

Nanobodies were first identified in the early 1990s by Belgian scientists investigating the immune systems of camelids. They found that, in addition to the standard antibodies composed of two heavy and two light chains, camelids also produce a simpler version made up of only heavy chains. The small, active fragment of these antibodies -- now known as nanobodies -- is about one-tenth the size of typical antibodies. These unique molecules have not been observed in any other mammals, although they do exist in some cartilaginous fish.

Antibody-based drugs are widely used to treat conditions like cancer and autoimmune diseases, but they have shown limited success in addressing disorders of the brain. Even the few antibody therapies that provide some benefit, such as certain Alzheimer's treatments, are often linked to unwanted side effects.

According to the researchers, nanobodies' compact structure gives them a distinct advantage. Their smaller size allows them to cross the blood-brain barrier and act on targets more efficiently, which could lead to improved outcomes with fewer adverse reactions. In previous studies, nanobodies have been shown to restore normal behavior in mouse models of schizophrenia and other neurological disorders.

How Nanobodies Work in the Brain

"These are highly soluble small proteins that can enter the brain passively," explains co-corresponding author Pierre-Andre Lafon, also of CNRS. "By contrast, small-molecule drugs that are designed to cross the blood-brain barrier are hydrophobic in nature, which limits their bioavailability, increases the risk of off-target binding, and is linked to side effects."




Beyond their unique biological properties, nanobodies are simpler to produce and purify than traditional antibodies. They can also be precisely engineered and fine-tuned to target specific molecules in the brain.

Before nanobody-based drugs can be tested in human clinical trials, several key steps must be completed. The research team notes that toxicology studies and long-term safety assessments are essential. They also need to understand the effects of chronic administration and determine how long nanobodies remain active in the brain (a crucial step for developing accurate dosing strategies).

"Regarding the nanobodies themselves, it is also necessary to evaluate their stability, confirm their proper folding, and ensure the absence of aggregation," says Rondard. "It will be necessary to obtain clinical-grade nanobodies and stable formulations that maintain activity during long-term storage and transport."

Moving Toward Clinical Applications

"Our lab has already started to study these different parameters for a few brain-penetrant nanobodies and has recently shown that conditions of treatment are compatible with chronic treatment," Lafon adds.

This research was supported by the Centre National de la Recherche Scientifique (CNRS), Institut National de la Sante et de la Recherche Medicale (INSERM), University of Montpellier, French National Research Agency (ANR-20-CE18-0011; ANR-22-CE18-0003; ANR-25-CE18-0434), Fondation pour la Recherche Medicale (FRM EQU202303016470 and FRM PMT202407019488), LabEX MAbImprove (ANR-10-LABX-5301), Proof-of-concept Region Occitanie, and the transfer of Technology Agency SaTT AxLR Occitanie.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/11/251106213557.htm



	Previous
	Articles
	Sections
	Next




